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PREFAtE 

The greater part of this volifce is devoted to the silicates whicTi, in turn, are 
elosely connected with mineralogy. In the original design of this, work — many 
years oackwards — it was n#ty.ntended to devote so mufch space to minerals, but 
no Sound reason could be found fof exclujjing the purer minerals ^>om inorganic 
chemistry. It is merely %n accidental circumstance that the majority of the 
silicates has been made in Nature’,| laboratory where she is Continually carrying 
on an endless variety of chemical operations, the results of which, lilie those which 
obtain in*our own laboratories, beldig to the domain of chentistry. No one doubts 
Ijhat the minerals have been formed by l^e operations of the very same l^s as 
those which are recognized in general chemistry. On its chemical %ide, therefore, 
mineralogy is a subordinate branch of inorganic chemistry. 

In many of the legal cases tried in the coilrts in connection with the so-caUed 
“ mineral rights,” it has been instructive to see how difficulj it has been to get a 
definition of a mineral which can hold its own against the cross-examination of 
the opposing counsel. Those accustomed to declaim only before passive listeners-in 
are sometimes bewildered by the conflict of testimony which is more or less 
dominated by training, temperament, interests, and desires. From the chemical 
side, the definition is neither more nor less difficult than is the definition of a 
chemicaj compound discussed in the second chapter of this work. • 

An appalling number of analyses have ])^n reported for many minerals. As 
a resulf, the chemist can regard most minerals only ad more or less “ dirty com- 
pound?.’^ To continue the language of th^ laboratory. Nature has uapdMirty 
beakers and*dirty solvents in the production of minerals, and she has not always 
preserved her products from contamination after thef have been made. These 
** dirtf compounds ” have often received differ|nt names, and even different 
names with different degrees of contaminatiofl. It is therefore a problem for the 
•mineralogist to select a, kind of representative or Tdealiz^ hiineral from a mass 
of analyses of contai^pw^ld products, * • w 

The difficulties which^^ha^.^t-^attended'the efforts to find the essential composUim 
of a Aiineral have been accentuated when the attempt has been made to elucidate 
its constitution. In particular cases, owing to the paucity of relevant facts, quite 
nuniber of opposing hypotheses has been defended. There is a temptation tq 
solve or perhaps evade many of the difficult problems by regarding the untraotable 
minerals #s solid solutions of a number of wmpler comportents! So Iqng as ^ 
constitution of a mineral haS^not been completely elucidated, it is better^ 
^ ciqploy the mineralogist’s term in place of a systematic ntfme ; o^herYWOj 
the case of some compounds in organic chemistry, the name adopt^ 
on the particular hypothesis which happens to’ be in fashion at the tim^, I 
cannot help tafjng the opportunity of expressing my ^preciation of 
work being done under Dr. A^fL. at the Geophysical ]^borat^ly, ^fnegie 
Institution of WashiHgton. H«re a good start has been made in introducing order 
^ the mineialogical chtfos. * ^ ^ 

Hie chapter on carbon dues not include those hydrocarbons, and their derivatives 
^ii^niiinoxily bwfc ^bitrarily admitted into inorganic chemistry? the cyanides ana 
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cyihiiifis; nor dolb*it include the jpombustion Jf the hy^pjarbona 
®es# Subjects fcay latei|b% discussed in a sup^em^tary vjume. 

I greatly ajp|reciate the ^ndness o^nty colleagues— Dr. eA. Sicott|Mr. H. 
I^umpson, and Mr. A. T. \reen— who havj read Ae proofs of this and tR< 
urevioul volumes; of A. Rigby, who has also rSkd aH the A^umes; o 
Mr. F.- H. Clewsfwho has read from Vol. Ill; of Mr. L. S. TSeobald, hda 
Vol. It ^and of Mr. A. J. Dale, from Vol. V. , • . 

• * . * • T W .M 
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CHAltBE XXXtX (cotilhmtd) 

• ^ CARBON (confm/ed) 

- 0 

§ 80. The History of Carbon Dioxide (1) ; § 81? The Occurrence of parb1)n Dioxide (2) ; 
§ 8^ The Metabolism of Animals and Plants (10) ; § 88. ^he Fowuation and 
Preparation of Carbon Dioxide* fis) ; § 84. The Physical ftopertjes of Carbon 

* Dioxide (19); §85. The Solubili|y of Carbon Dioxide (47^; §86. The Chemical 

• Propeftiesof Carbon Dioxide (61);»§87. Hard and Soft Water (78); §88. Peroar- 
bonic Acid and the Percarbonates (82); fsO. The Sulphides of Ca^on (87); §40. 
The History, Occurrence, and Preparation of Carbon Disulphide (94) ; § 41. The 
Physical Properties of Carbon Disulphide (98) ; § 42. The Chemical Properties of 
Carbon Disulphide (106) ; § 43. The Thiocarbonic Acids and the JThiocarbonates 
(119) ; § 44. Perthiocarbonates (180) ; § 45. The Thiocarbaraift Acids and the Thio- 
carbamates (182). 


CHAPTEE XL 

SILIOOIJ • 

9 

The*l?i8tory of Silicon (186) ; § 2. The Occryrence o| Silicon and Silica (187); § 8. 
The Pre^ration of Silicon (145) ; § 4. The Physiqal properties of Silicon (162) ; 
§ 5. The Chemical Properties of Silicgn (160) ; § 6. Thelltomic MJeighband Varney 
of ^licon (165); § 7. The Silioides of the Alkali ^d Copper Families of Elements 
(168); §8. The Silicides of the Calcium Family (176)^ §9. The Silioides of the 
Magnesium-Zinc Famjly (180); § 10. The Silicidek of the Aluminium and Bare 
Earth Families (l^Jb; ^ ll. The Silicides of the Titanium and Tin jF^imilies (186) ; 
§ 12. The Silicides oP%he»’7aivadium"And Chromium Families (188/; § 18. The 
sAcides of Manganese and of the Iron Family (196) ; § 14. The Silicides of the 
Platinum Family (211) ; § 15. The Hydrogen Compounds of Silicon (214) ; § id. 
Silicon Suboxides and Oxyhydrides— Siloxanes (227); § 17. The Preparation of , Silicon 
Dioxide— Quartz, Tridymite, and Cristobalite (287) ; § 18. The Physical Properties 
of Sili^n Dioxide (246) ; § 19. The Chemical Properties of ^silica (274) ; § 20. The 
Uses of Silica (288) ; § 21. Siliidc Acids or Colloidal Silica (290) ; § 22. The Silicall^ 
and the Aluminosilicates (807) ; § 28. The Alkali and Aihmozkium S/licates— Water- 
glass (817) ; § 24. Copper, Silver, and Gold Silicates (840) ; §.26. tLo Silicates of 
the Alkalyie Earths (847) ; § 26. Beryllium or Gldcinum Silicates (880) ; § 27, Mag- 
nesium Orth^^ilicates (^) ; § 28. Magnesium Met^ilicates (890) ; § 29. The 
Higher Silicates of Magnesium (408) ; § 80. The Complex Silicates of Magnesium 
(407); § 81. Hy^ted Magnesium Silicates (420) ; § 82. iSinc, C&mium, and 
Mercury Silicates (48&) ; § 88. The BCirosilioates (|47) ; ,§ 84. Aluminium Sitioates 
(468) ; § 36. Hydrated Alimiinium Silicates— Clays (467) ; § 86. Pottery (512) ; § 87. 
(Mass (620); §,88. Cement (658); § 89. Topaz (660); §40. Thi Alkali Aluminium' 

rll > . 



dfiSiitere/ 

A 

§ 41. The llicfts (608) ; § 42. JRkali Aiummilta HUioawsifctmiTOww*; 
040); § 48. Fel4)ars (861); § 44. The AlkaMne Earn Aluminium Bilioates 
(081); § 46.* Beryllium Ah^inium ^licates (802); §M6. Afagn^siumlAluminium,* 
Th^um, and Bare h^rth^ilicates ^08) ; §147. The Silicates of the Phosphorus 
Family (885); ^§48. Hie Silicates of the TitaniunaLead Family (#84^; §49^ Jhe 
^phcomium Silicates (865) ; ^50. Molybdenum, Tungsten, and Uranium Silicates~^ 
^tertpolyacids (866); §61 The Manganesg Silicates (892) ;§ 62. Iron Silftates 
(805)f 5 68. Cobalt and Nickel Jilicates (981); § 64. Sijic«n FJuoride^ (984) ; 

§ 65.* Hydrofluosilicic Acid and its Salts (940); § 66. T?e Fluo^cates (9^4); 
§67. Silicon Chlorides (960J,*§ 68. The Silicon ^roftides (977); § 69. Silico# ' 
»iadide8(98^); §60, Silicon Sulphides (985) ; § 61,^ Silicon Phosphates (99(^ ^ ‘ , 

Index 



/abbreviations , 

« 

aq. mm aqueous 

atm. » atmospheric oF^mospher6(8) 
at. vol. = atomic volum%(8) 

Q/tk atomic weight(8) • » 

T° or °K =s absolute degrees of temperature 
%.p. «= filing pointfsf • 

6^ mm eentigrade degrees of temperature 
coefI.^= coeffisient 

conc^=* concentrated or concentration 

dil. B dilut^a 

eq, ■■ equivalont(8) 

f,p. =3 freezing point(8) 

m.p. *» melting poin?(8) 

. fgram-moleculels) 

“{gram, molecular 

mol. ht. =“ molecular heat(8) 
mol. vol. =» molecular volume(8) 
mol. wt. « molecular weights) 
press, =» pressure(8) 
sat. = saturated • 

soln. *» solution(8) 
sp. gr. = specific gravitji (gravitits) 
sp. ht. ■» specific heat(B) 
sp. vol. =* speciftc volume(8) 
temp. = temperature(8) • 
ma vapour 

the cross ref€ffSni(Jg}S ^ first nun^er in clarendon type is thf lumber of the ^ 
voluma; the second number refew to* the chapter; and the succeeding number refers to tie 
“l/’sfction. Thus 6. 88, 24 refers to § 24, chapter 38, volume 6. ^ 9 

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates 

* afe considered with the basic elements ; the other compounds are taken in conneot&n vrith 
the acidic element. The double or complex salts in connection with a given element include ' 
those asso^ated with elements previously discussed. The carbides,® sillcides. titanides, 
phosphides, arsenides, etc., are considered in connection with carbon, silicon, titanium, 

The intennetallio compounds of a given element include tffose a#sociat3d*with elements 
previously considered. 

The use of triangTUlar diagrams for representing the properties of three-oOmponent 
systems was s^ugglsted by G. G. Stokes {Proc, Roy, Soc., 4lk 174, 1891). The method was 
immediately taken*up in manf directions and it has proved m great value. With practice it 
becomes as useful for representing the properties of ternary mixture»as squared paper is for 

* binary mixtures. The<)prinoiple of triaifgulajj diagrams is based on^he fact that in an equi- 
lateral trianglb the sum of th# perpendicular distances of an^ point from the three sides is 
a, constant. Given any three substances A, B, and C, the compo|ltibn of any possible 
oomWnatjpn of these can be represented by a pblnt in or on the triangle. The apices of the 



ABBREVIAflONa ^ . 

^ represerf the .ingle (UlponinU S, a^i C.the 

of X and^B, B and C, <» C and A ; and poifs within the Jiangle tern#y 
The compositions If the miifcaces can be represented in peiycentages, or re erre o y, , 
etc. In Fig. 1, jure A wil be represented^)-^ point at the apex marked i. |If 100 be tie 

• ^ \ ^ 

_ a • /) ^ y. S 





standard of re/^nce, the point A represent! 100 per cent, of A and nothing else ; mii^ures 
containing 80 per celt, of A are represented by a point on the lino 88, 60 per cent, of i by a 
point on the line 66, ^c. Similarly with B and (J-yFigs. 8 and 2 respectively , Combine 
* Figs. 1, 2, and € into one diagram by superposition, and Fig, 4 results. Any point in this 



FiO( 4. — Standard Reference. Triangle. 


t diagram. Fig. 4,^hus reprAjonts a ternary mixture. For instad^i ^he point Af represents i 
mixture oontaiiing 2U per cent, of 20 per cent, of B, ajid^ p^ cenf. of G. 



CHAPTEE XXXUC (conhmied) 

CARBON (continued) 

§ 30. The History of Carbon Dioxide 

In the first century of o\ir era tfiny i mentioned the exiialation of letlial vapours 
—spiritus lethales—hom caveMis, like the Grotto del C|ine, et«L It wits also known 
that the mhd alkalies gave dtl»a gas ^^th efTervescenee when treate(?w^^h acfitic acid 
or vinegar — vide 2. 20, 1 No one, however, recognized that these phenomena were 
produced by specific gases. A. Libavius, in 1597, also noted t|je acidio qualities of 
certain Inineral waters which he 9,ffcributed to the presence ^f an imponderable 
spirits of great volatility. Shortly afterwards, J. B. vay Helinont, who had 
Vimmortelk gloire de rheler scientifiqyement Vexisieme de corps inmihle ei impalp’ 
ahtes — les gaz, pointed out that : ^ ^ • 

Carbon, and, in general, bodies which cannot be immediately resolved into water neces- 
sarily give off, during combustion, spiritun sylveslris -vide 1 . 3, 1. Sixty-two parts of 
oak-charcoal leave one j)art of ash, and the remaining sixty-ono parts produce the spirUua 
sylvesiria. • 

In addition to the formation of gas sglveslre (i) by the combustion of carbon, 
and (ii) during fermentations, J. B. van Helmont showed that (iii) it is also formed 
when calcareous stones are treated with distilled vinegary and (iv) it is found in 
the air of caverns, mines, and cellars, (v) Mineral waters like those of Bpa dis- 
engage the gas sylv<*.Btre when exposed to the |iir ; and (vi) the flatus produced by 
the dige|tion of food and by the excrement^is gas sylygstre : J. B. van Helmont 
called sylvestrci many names — gas carbonum, gaa vinorum, gas uvaruny gai 
musti, etc. (J. Wren, and J. Bernoulli made %ome c^firmatory observations, and 

Hoffmann in his work on mineral waters often alludes t/this gas as the pnnei^iun 
^riiuoi^m, spiritus mineralis, and l^ss frequentiy as the sjtiritus sulphureus 
spiritus cethereus, and spiritus elastwus. He disgoveted that when charcoal vs burnt 
it dissolves in the atmosphere producing choke-damp? and he noted that like 
Ibids, the soln. of the ga^i water reddens blue-coloured oKtracts (ff plants. The 
subject was discussed J. F. Demachy, etc. R. Boyle notea Ihe evolution 

of m factitious ai>— when corals or oyster shells are treated with vinegar, 
and in fermentations. S. Hales made some observations on ^this gas in 1727 ; 
H. Boerhaave, in 1732, emphasized the suffocating effects of gas sylvestre, all^ough 
tms quality had been noted by J. B. van Helmont. 

J. Black’s work in 1757 on the mild and caustic alkalies-yi.e. alkali carbonates 
and hydrcAides — showed that ^le causticity of quicklime was not due to tljj> 
union of phlogiston with elemental chalk, but rather is chsjlk psoduced by the 
union of quicklime with what J. Black called fixed air — vide 2! 20,’ 11. In 
1764, D. McBride studied the formation of fixed) air in fermentation and putre- 
faction, and its ^esence in blood, and in atm. air. In 1766, H. Cavendish made a 
numbei! of obserf ations onP fixed air, and found that fixed air precipitates chalk 
from a soln. of lime-water, and tfiat the precipitate is redissolvid by the continued 
• action of fixed air. T.* Lane also examii^d the action of an f?q. soln. of fixed air on 
irbn and zinc*. J. Priestley® made some observations oR the gas in 1767. Then 
followed, in 1774, T. Bergman’s classical dissertation on the which he called* 
aeriaf ocit^the acid of the air. He showed th^t the gas behaves like acids in uniting 
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with bases like time ; that ♦heVs is solifbleln water, 'an/ the soln.,^ike acids, 
reddens litmus ^1 and thai t^e gas is heavier than atjn. air. He further proved that 
the presence ot water is necessary fort^th* union of the ga» with 
quoting an experiigent by J. Bucquat (1773^ “ quicMime does not slake * 
air but it may be instantly slaked in aerated water.”^ t^B, M, Bu^i^t called the 
gas aoide d la craiei; J. Keir {17S7), qfkareous gas ; and L. B. G. de Morve^ (1782^,# 
acide nft^hilique, and the salts, meph^ — e.g. mephite de potasse ^ mephrte ^ am- 
moniaque ^^etef. The term ^as mepimque wasfelsewhere used for nitrogen, ^po that 
L. B. G. Je Morveau’s term was not adopted. • * * 

• J. B. van Helmont assumed i^at the, gas sylvestr^in jpineral water was derlVe^ 
from sulphur, and hence F. Hoffmann’s term spiritus sulphureus ; but G. E. Stahl 
(1702) did notftccept this vi(.‘w, B. G^ Sage regar(kd it as a kind of phlo^isticated * 
hydrochloric acid; and tf, R. Deiman and P. van Troostwijk, P, J, Macquer, 
J. Priestley, ll^W, ^iheele^R. Kirwan, etc., made* various suggestions in which 
fixed aif was^egarded as a combination of pklogistoi^with oxygen, nitrogen, or an 
acid. A. L. ifavqjsier then showed l^at just as mercuric oxide is formed when 
mercury is heated ig oxygen, so is fixed air formed ilhen carbon is heated in that 

• gas ; and he^e.-ch^stened fixed air, acide ccfflhniquc in harmony with tfie anti- 
phlogistian’s views on^combustion. A. L. Lavoisier, alone, and also in conjunction 
with P. S. de Laplace, showed that acide carbpnique is a compound of 28‘5 to 2^9 
partifof carbojj with 71T to 76’5 part% of oxygen. A. L. Lavoisier obtained the 
gas by the combustion of the diamond in oxygen, and S. Tennant analyzed it in 
1797. Subsequent observations ai^ indicated in connection with the at. wt. of 
carbon {q.v.). ,The gas now called carbon dioxide was liquefied by M. Faraday in 
1823, and solidified 1^ M. Thilorier in 1835. 

KKFKllKNcn.S, 

^ H. Kopp, Qmhichte der Chemie, Braunschweig, 3. 279, 1845; Pliny, IliMorice mluralis, 

2 . 95, A. 1). 77 ; A.Li])a\hin,])ejudicoa(juarwnminer(tliiini,¥r&ncohiTi\, 1597 ; J. B. van Helmont, 
Ortas medkinae, Amsterdam, 1948 ; J. F. Hemaehy, t'Amem de ehymk, Paris, 1757 ; F. Hoffmann, 
j)e methode exnmimndi aquas saluhres, Lugduni Batavorum, 1708; If. Boerhaave, Mlementa 
chemicB, Lugduni Batavorum, 1732 ; J. Bvnoulli, Ihssertaiio de ejfcrvcscentia et f^icntatione 
nova hypothesi Jundata, Basel, •lOOO ; V. Wren, Phil. Tram., 10. 443, 1675 ; T. Lailfe, ib., 59. 
210, If 09 ; M, Faraday, ib., 113. J89. 1823 ; S. T«nnant, ib., 87 . 123, 1797 ; 8. egetalle 

Stalicks, London, 1727 ; R. Boyl^ Physico-meehaniad experiments to show the earing and effects 
of air, London. 1001 ; Secon%conlinualion of new experiments, physico-mechamcal, touching th^ 
sprii^ and weignt of air, London, Jh70 ; F. Venei, Mirn. Acad., 53, 80, 337, 1760; J. Plack^ 
Experiments upon magnesia alba, (^ickJime, and other alcaline substances, Edinburg, 177^ 
Alembic Club Reprints, 1, 1^5^13 ; D. IVfcBride, Experimental Essays on the Fermentation of 
Alimentary Substances aid on the Nnture and Properties of Fixed A ir, London, 1764 ; H. Cavendish, 

• PhU. Trans., 50. J4j, 1766f T. Bergman, De acido aireo, Upsala,^774 ; J. B. M. Bucquet, Midi 
^ Acad., 1, 177^; *603, 1780; J. Keir, Treatis^on the various kiflds of Oases, London, 1777; 

* J? Priestley, Experiments and Observations on Different* F^tds Hf Air, London, 1 . 43, 1774 ; 

* A. L. Lavoisier, Opuscules physiques et chimiques, Paris, 1774 ; Mim. Acad., 604, 69% 1772 ; 
6^, 1776 ; 186, 363, •1777 ; 448, 1781 ; 693, 1784; A. L. Lavoisier and P. S. de Laplace, ib , 
359, 17^0 ; 387, 1784 ; L. B. G. de Morveau, Journ. Phys., 19 . 370, 1782 ; G. E. Stahl, Specimen 
Bechtrhnum, Franckfurth, 1702 ; B. G. Sago, Mim. Acad., 240, 1773 ; Elimens de minifalogi^l 
docimastique, Paris, 4, 1772; J. B. Deiman and P. van Troostwijk, CrelVs Ann., 3. 3, 1787 ; 

P. J. Macquer, Elements ic chymte pratique, Paris, 1751 ; C. W. Scheele, Chemische Abharidlungen 
Wh der Lufl und dem Feuer, Leipzig, 1782 ; R. Kirwan, An ifssay on Phlogiston and iM Constitution 
of Acids, Londtonf 1789^ PhilmTrans., 72 . 179, 1782; M. Thilorier, Ann. Chim. Phys., (2), 60 . 
427, 1836. • • 

• 

§ 31. Occurrence of Carbon pioxide 

Carbon dioxide ts one of the most important* of the accessory constituents of 
air. ’In 1796, H. B. de Saussfire i direct^ special atten^on to the carbon dioxide* 
* content of the atpi. , and hi established its presence in the mountain air t)f Switzerlalld 
‘as well as in the air of the plains. His son, N. T. de Saussure, followed up the 
4iquiry in 182^30, and concluded : • * • 
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The quAtity of oorAn dioxide in o%n air in the ^hme jplaoe is subject to almost 
continual ch^ges equally with the temp., the winds, the i^,j^d atin# press. . . . The 
augmentation of the average quantity of c^rbpn dioxide in ^nmor and its diminution 
iri \»ipnter are iianifdfeted at di^ront stations— ifl the country as in the city, upon the Lake 
of Geneva and upon a hill, an«in c3lm ttid in difturbed auT . . . The Atio is not constant 
throughout t}|§ year. There Cre^imes which form exceptions, ^.nd in which the ^lantity 
^f^arbbn dioxid^in summer is inierior to that in winter, 4 )r vice versa. • . . The difference 
m the quaiitities of carbon dioxide contained in the atm. in calm weather, during liay and 
night A one of the fnosj remarkable results of my^J^ observations — more iaprouent dining 
the nigh# than during the day. . . . The air of Ge^va contdins more carbon Aioicido than 
\ the air of a me^ow at fharabeiry. • 

• 4^ first, N. T. de Sausfllirelielieved that rain iifcfeased the proportion of carbon 
• dioxid^, but later found that a greater proportion was present in dry weather. A 
few analyses are quoted in Talfe XXL Collections of Mata have been compiled 
by R. A. Smith, and by E. A.^Lctts and R. F. Blake. Acceding t(f B. L. Moss, 
arctic air isiricher in carbon«t(ioxide than the air of England ; A. Wr^h found the 
proportion in Greenland to vary from S’5 to LO parts per 10,0(K) ; anfTR. Legendre 
found 3’5 parts in 10,000 in #)cean air off Western France. In*goncr^, however, 
the projMjrtion of carbon dioxide in«the atm. is very nearly otinstaiit. Atm. air 
contains about 3 vols. of carbon dioxide per 10,000 vols. i.e. 0 046 per cent, by 
wefgkt. TJiese figures may be regtrded as a norm or standard of reference. 
Acfording to F. W. Clarke, this norm (Corresponds with about 2,200,000,0(x),000^n8 
of carbon dioxide, or 600, 000, (XK), 000 tons of carbon. A. Krogh estimated the 
total carbon dioxide in the atm. to be 2*4 X 10^- tons ; and C. R. van Rise, and 
W. Dittmar obtaiiu'd similar estimates, while T. C. Chamberlin made a rather 
higher estimate. There; are moderate variations above and below Ihe standard. 
In towns, for example, the proportion is greater, and in the open country it is less ; 
but the excessive accumulation of this gas in any one locality is prevented by the 
circulation induced by winds and atm. currents, vide atmospheric air. 

Table XXI. - Determinations or the Amount or Carbon Dioxide in Atmospheric Air. 


•Locality. 


Paris . • • ■ 

^iiiieppe 

I^ljjpmington, Ind. 
Country oT Belgium 
Gembloux . 

Sheffield 

■•l^miles west of Sheffield 
Mont Blanc, 1080 m, 
Mont Blanc, 3050 m. 
Belfast # . . . 

Kew (max. and min.) 

• 


Volii. of COj iKT 10,0U(T 
vola. of ulr. 




Observer. 




3027 
2-942 

2-8n} 

2- 944 

3- 70 
3-90 
3-27 
2-02 • 
2-69 
2-91 

2-43 to 3-00 


• i * 

j J. AjiRetfet 

I J « A. Bcnset • 

T. V. van Niiys and B. F. Adams 
A.^'etermann and J, Graftiaii 
A. Petortnannnnd J. Graftiau 
W. a WilliarnI 
W. C. Willifins | 

M. de Thierry • 

M. do Thierry 

F. A. Letts and E. F. Blako 
H. T. Brown and F. Escombe 


The chief sources of the carbon dioxide in the atm. are (i) th« evolution of carbon 
dioxide froitf mineral springs, volcanoes, etc. ; (ii) the combustion of fuels, thusT 
in 1844, J. B. J. D. Boussingault estimated that about 3,(M).(XXicub.^p^tres of this 
gas were generated daily by the combustion of fuel, and by life in Paris, and A. Krogh 
estimated that about one-thousandth of its present Tjontent in carbon dioxide was 
added yearly to the atm. by the combustion of coal ; (iii) 1J|^e respiration of animals ; 
(iv) the decay of organic matter ; and (v), added F. W. C&rke, perhaps the majority 
of shooting stars represents the coAbustion of carbonaceous metdbrites in the upper 
fegions of the atm., an^ th^ consequent a4dition of cafbon diokide to the air. Few 
sucA meteors ^each the earth* The main counterbalancing influeijces are (i) the 
decomposition of carbon dioxide by plants. H. T. Brown fifund that the* air 
before passing thfoilgh a vessel containing thejeaves of a growing pl|nt contained* 
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2*80 parts of ca?bon dioxideV* 10,000, an*d o> leaving K/^rta p *,000; the 
Joss 1*06, correlponded fiHi an assimilation of 412,o.c. or cwbon dioxide at n.p.p., 
per’sq. metre #f leaf surface per houA •Under constant iHumkmtio^, the in^e 
was directly proportional to \he partifl pressf of the ^s. E. H. Cook estimated 
that tlk leaf action alciie more than compensates^ofthe increase m the.cwbon 
dioxide in the atm., and withmit t*is influence, the amount of carbon dioxidbti# 
the atifl. ^oujd double itself in a carhpn dioxide#with“ 

drawn plants is rcstoreil when we leaves* decay in autumn, but a portion is 
withdrawn permanently, (ii) CarbSn dioxide is consumed in th^jreatherin^ of c 
rdeks.* T. S. Hunt attempted estimate the amoutt o4 carbon dioxide colisumed 
in the production of china clay from orthoclase ; and added that the carbon didxide 
now represen ibd by the garbonates gf the earth'| crust^nust have eqiiallM two * 
hundred tingis the entire amount in the present’atm. The carbon of the coal 
measuKis and of the^sedimwitary rocks has all beoif dijrcctly or indirectly obtained 
from the at!l^* The soluble carbonates prwluced weathering are washed into 
the ocean, and yiere transformed ^^ith sediments, shells, coral reefs, etc. The 
carbon of ^diinenttry rocks is estimated by W. Cfarke to be about 30,000 times 
that containftd in^he atm., and T. C. Cliaml^erlin estimated that 1,62(5,000,000 
tons of carbon dioxide are annually withdrawn from the atm. in the format^piv of 
sedmentary rocks. ^ • • 

In 1848, Tb J. Pelouze and E. Fremy pointed out that although no app'tecia'ble 
variation in the jiroportions of oxygen and nitrogen liad been detected by analyses 
of'atm. air, yet the methods of aniilysis are not exact, and that it is quite possible 
that the composiiiqn of the atm. is undergoing very slight variations which will 
become appreciable only after the lapse of a great number of years. J. B. A. Dumaif, 
and J. von Liebig seem to have regarded the composition of the atm. as a fixed 
constant which is maintained by the mutual action of the animal and vegetable 
kingdoms whereby the former introduces carbon dioxide and tlie latter removes that 
gas and introduces oxygen. 0. Martins, however, has shown that the supposed 
0 compensations must be fallacious when it is remembered that the quantity of oxygen 
consuined by the entire animal kingdom is out of all proportion to thatgeontained 
in the entire globe— somc«0‘ 01 1 per cent, per century. , * ' 

Th^ comparatively large* proportion of free oxygen in the atm. is cwnarkable 
when it is remembered whaia strong affinity oxygen has for other ^bstances— e.^. 
gra{)hite, 8¥l[)hivr, pyrite?, and other sulphides which occur in primitive rocks nT 
an unoxidized state. Tlnw^ |hcts have been cited to support the thesis- thatC^e 
primilive atmosphere of th% earth contained no free oxygen. It is agreed that the later 
deposit-s of coal anU of the tarbonate rocks were derived from the carbon dioxide 
formerly dilfysed in ah and sea ; and the great extent tijCoal deposits as contrastel^d 
with the mdre recent deposits of lignite ^id peatf h«i b»n cited to support the thesis 
^hat a considerably larger proportion of carbon dwxide must have been prescfl in the 
(Umosphere durintj the period of the coal flora than now. There is, however, nothing 
to show that this stored carbon was ever all present in the atm. at one time.^^ 
is further supposed that during this period, an evolution of oxygen from the vegeta- 
tion must have 6ccuired simultaneously with the absorption of oxygen. C. J. Koene, 
Nf. Lemberg T. L. Phipson, Lord Kelvin, J. Stefcnson, etc., argue th^l the earth’s 
primitiye aipi. contained very little oxygen, large quantities of carbon dioxide, and 
possibly appreciable quantities of hydrogen, carbon monoxide, and hydrocarbon 
gases. In further support of*the argument, it is said that no oxygen is found in 
the gases extracted from ^ocks. c * 

Accordpg to the nebular hypothesis, the t^p. of the earlh was once above 
the dissociation ^int of most oxides or oxygen compoi^nds, and therefore the 
eartTi’s supply of oxj^geg, ma^^ have been*‘free. ’ On cooling, iihe oxygen united ijitfi 
^ the elements fer which it had a sufficient affinity, first with the lighter and moN 
oxidisable elemefits-isilicon, carbon, aluminium, calcium, ma^n^um, pot^um, 

• and sodium-j-and & large quantity of silica or silicate would be formed as a thicli 
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STirface lajjr hindering the pas8age|of tlie remaining axygen to tWh still oxidizahle 
'elements lower do\»Ti. Otherwise, the graphite and Bulpl^deB foiutd in the oldest 
rocks would|hav^bee« oxidized. It ha^p^ that there is about QpOO times more 
combined than free oxygeni 8o»thaJ the eith’s supply has combined to the extent 
of 99’ 98 percent, of the totab and it seems likely that a}l the oxygen wogld have 
•se Co&ibined were it not for counteracting influences. Naturally, after the oxygen 
had been all consumed a considerable cxces^f hydrogen and hydrocarbffh gases 
remained. This is Evidenced by thtf spectral the sug and stars, fly tjie presence 
of metal carbides, *arfl of occluded hydrogeif in meteorites. It is then* assumed 
bhat vegetation appeared-j-m«re or less an»erobic-f^jnd as the vegetation increased 
the proportion of oxygen in the atm. likewise increased, and the proportion of carbon 
dioxide diminished. As^ime w|nt on, the apioimt of oxygen increassd until animal 
life became possible and animaJs appeared. Animals take in oxygen and give off 
carbon dit^ide. The two t^pts of organism developed until t state S equilibrium 
was g,ttained. According to •this hyjiothesis nearly all the free ox3j^ at ‘present 
in the atm. has been derived from carbon tWoxide, and has beep produced by the 
action of sunlight on vegetation growing in an atm. of this gas. • • 

White the cooling earth was at* 2 high temp, no carbonate* coul j be present ; 
tl^^must have been formed afte^the earth had cooled. ,As indicated above, 
T. n. Hiiitt estimated that if all this carbon dioxide at present in the earth as 
carboflhtcs were set free, the atm. would have 200 times its present gmount. Buch 
an atm. would have a much greater solvent action on silicate rocks, so that the 
rates of formation of carbonates and of the demidation of silicates would b(; greater 
than now. The effect of the weathering of silicate rocks is to decrease the amount 
of carbon dioxide and of water in air and sea. It is estimated that the water at 
present combined in terrestrial rocks amounts to about one-third or one-fourth of 
that contained in the ocean. W. Ostwald considers it probable that more carbon 
dioxide is withdrawn from the atm. than is restored ; as a result, there is a slow 
diminution of the floating carbon-capital taking place on the surface of the earth. 
That change must be very slow, as is exemplified by the fact that analyses extending 
over a century show no definite alteration. • 

The premises from which this story has b(?en elaborat^'d are not unimpeachable. 
The obstipations which have been made at high temp, in electric furnaces Jhave 
shown that tl^ oxidized compounds were not neces^rilv formed first. I’hc first 
•ompounds were probably carbides, silicides, etc., and iiyrhat case, al^ the oxygen 
w«uld I* atmospheric. As illustrating* the extrenu! case, H. Lcmicque argues that 
the great masses of limestone were formed by tiie ^tin. jxidation of the primitive 
carbides. In any case, it will be evident that two equally plausible lines of 
argument furnish opposiipp conclusions— one that the prinfitive at^. was rich in 
oxygen, and the other tha^it ^s free from oxygen. ^ * 

Thelfe are other hypotheses. T. S. Hunt, and A. Winclioll argued in favour of an 
of carbon dioxide drawn from celestial st.urceH ; but there is no satilfactory evidence of 
ttjp. S. Meunier combatted this hypothesis, and he favoured the assumption thfit the 
carbon dioxide was added to the primitive atm. by volcanic agencies. T. C. Chamberlin, 
and E. H. L. Schwarz favour the view that the planet was built up by accretion or the 
slow aggregation of small meteorites carrying occluded gases which formed tjjie oarth^ 
atmosphere, • ^ ' 

The carbon dioxide present in sea-water has been (i) absorbed from thfi atm. or 
brought down with the rain ; (ii) carried in as hydrocarbonates by river-water ; (iii) 
produced front decaying organic matter ; (iv) produced the respiration of aquatic 
animals ; and (v) derived in jftirt from submarine volcanic Springs. The gas is liberated 
from the hydrocarbon|tes when^coral and shell-building orgaiAsms a^imilate the 
normal carbonate. Catbomdioxide is therefore continuously beihg added to sea-water, 
and it is contiflually being losf^; it is either given up directl^ to the atyn., or consumed 
in the^maintenajice of marine plants. T. Schlosing 2 has estimated that the ocean 
holds m soln. 18-27 times as much carbon dionide as does the atm., and he regarde4 
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tie ocean ae th# great reguW/e reservoir ?.f tWs gas. The/ is a contirfcoua inter- 
change of carbfc (iioxhlt Mwecn the ocean and % atm. ; the gas is released from 
the waters in warm climates, and ahsorhed in cold regions. Jlenge th^atm, supjiy 
is alternately being enriched and impwerishef The fgulating action of wtef m 
maintaining the state of ^‘quilibriiim necessary for thj welfare of animaj^ and plants 
was first pointed .out by K. lieligo(j in his Elndes sur la composition des 
1855. <rhe rain-water absorbs sonmps from the atm., and still, more on coming 
in contact Vlth the soil; t^en carbAates are*dissolved as hydrocarbonates, which 
eventually make their way to the bcean. C. F. Tolman kas diseased the con- 
ditions of equilibrium. Analy;i|s of the gases in lea-yater have " cen nfedfi b#^ 
0. Jacobsfm, If. Tornde, K. Nattercr, etc. Usually, there is not sufficient to trans- 
form all the ialcium carbonate intojthe hydroca||bonate^. J. Y. Buchahai!, and * 
W. Dittmar found the amount of carbon dioxide.in sea-water in excess of that 
required for ftie formation qf normal calcium carbonate in mgrms. per jitre to be, 
at different ^'rtip. • • ^ 

* 2.V 28 7'’ 20’- 2.')^ lOMr)® SMO" -l-4-S-2“ 

COj . * . . 3o-88 37*18 42*()8 «43*60 47*21 63*31 

. « . . •* . . * . 

Hence, the (fcean contains less carbon dioxide in warm than in cold latitudes 

“the average may 1)% taken as 45 mgrms. litre. The variations at difkr«nt 
depots are less marked : * • t 

• Surf.ico 100 filth. 400 filth. 800 fat h. Over 800 fath. Bottom 

COj . . . . 42*B 43*(5 41*1 42*2 44*6 47*4 

0 

G. Linek fouqd the maximum solubility of calcium carbonate in sea-water to be 
O’ 191 grm. per litre*at 17''-18° ; and W. Dittmar found the average sea-water to 
contain O’ 121 grm. per litre. J. Johnston and E. D. Williamson considered the 
warm surface layers of the ocean to be practically sat. with carbonates which 
are subject to })recij)itation by changes of temp., and by fluctuations in the pro- 
portion of carbon dioxide in the atm. above. J. Y. Buchanan found that the carbon 
dioxide was sometimes in excess of that necessary to form hydrocarbonates, and 
sometimes just sufficient to convert the normal carbonates into the acid s^lt. 

Carbon dioxide is foiiyd free or (4}mbine(l in mineral and spring wat^TS -e.ry.' 
Carlijbad, Seltzer, etc. The original AfoUinmis is a natural water frof?>ifa spring 
in the Valley of Aar, near tl^e Rhiilc, which has carbon dioxide in^soln., and an 
acul reactiop, while the )^iters of Vichy, Neuenahr, ete., have an alkaline reactior 
although the saine gas is in soKi. ApollinaVis and other natural waters art bottUd 
and exported, and they are ilnitajed artificially and sold as “ mineral waters.” 
The acidity of wal^*r containing carbonic acid plays a great part in geological 
c changes — wi'alhering of silicates. % * 

, Carbon dioxide i.ssues as a gas from many pjyt^f tjie earth. C. St, C. Deville 
• and F. le Blanc’s analy.sis^ of the air in the Grotta del Cane gave 70’35 p^ cent. 
(A)jj, 23'7 per cent. N 2 , and 6’0 j)er cent. O 2 . A stratum of spintus lethules is said 
to occupy the lower portion of the cave to a depth of about 18 inches on the flopj, 
so that dogs, whose nostrils are near the ground, arc suffocated, while men'are 8a*fe. 
During the 1869* eruption of Vesuvius, F. Gorceix said the gas which escaped was 
virtually' pure carlion dioxide. Pliny said that ^me persons call verfts emitting 
mephitic fufiic^, ChfiTone^ scrobes — Charon's sewers. The Poison Valley or the 
Valley oi Death in Java is an old volcanic crater with fissures from which are 
evolved large quantities of carbon dioxide which fill the valley as water fills a 
lake. The flow is appare^ly intermittent because sometimes scarce^’a trace of gas 
can be found, at other tiines it fills the valley. A.'Loudon thus describes his 
observations ; *■ ^ 

. * * '0 ' 

Wo took with us two degs and some fowls to try expqrihi^ts in tliis poisonous holUw. 

^ On arriving at the foot of the mountain we dismounted aifd scrambled up the side about a 
quarter of a mile, bolding on by the branches of trees. When Within a few yards of the 
yalley we experienced, a strong nauseou^ suffocating smey, l)ut on coming closaito i& edge 
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this dwagi^able odour left us. The ^lle;f appeared t* b% about half aftnile in rircumfer* 
ence, oval, ^d the depth*from thirty toThirty-five feet, the bottojn quite ; no vegetation ; 
strewed with some very large (apparently) river stones ; ami the whole covered with the 
gkteletons of liuraa* beings, tigers, pigs, deei^ pdhcocks, and all sorts of birds. We could not 
pe?cei^» any vap. or any opting in tl^ ground, which lust appeeirod ^ us to be of a hard 
sandy substance. It was nJfw proposed by one of the party to enter the valjpy ; but 
at jjha spot ^hare we were this Vas difficult at least for me, as one false step would have 
* brought ^18 to eternity, seeing no assistance coulAbe g^en. Wo ligffted our cigars, and, 
with Ahe assistance of a bamboo, we went down^^thin eighteen feet of the bottom. Here 
we did pot experience any difficulty in 4 )reathingflbut an of^nsive nauseous a»iell aiinoyed 
us. We now ftisten^id ^ dog to the end of a ban*)oo eighteen feet long, and seftt him in : 
we wtHches in our hands, and in fourteen seconds he fell on his back, did not move 

fiis limbs or look round, tkut Continued to breath# eighteen minutes. We then sent 
in abother, or rather he got loose, and walked m to where the other dog was lying. He then 
stood^uiie still, and in ton mmute.s fell on his ft^o, and never afterwards moved his limbs : 
he continued to breathe se\en mijutes. We noW tried a fovd, which died in a minute and 
a half. Wo threw in another, whic-h died before touching the grounj. During these experi. 
rnents we #xperionced a hea^ ^low’er of rain ; but we >#ero so mtere^tod by tjio awful 
sight before us that we did nof care foregetting wot. On the opposite near a large 
stone* was the skeleton of a human being, who*mii 8 t have perished on his back, with his 
right hand under his head. Fmm being exposed to the weather tholiones )j'oro bleached 
as whitwaa ivory. I was anxious to pi«cure this skeleton, but any rJtoiiipUo get it would , 
have been madne.ss. 


• ' • 

* fhe Death Gulch of the Yellowatane Pa|k, Cal., is another such valley, where it 
is'saidthat grizzly bears are sometimes found suffocated to deatWhy the carbon 
dioxide which issues from the ground. The Laachcr Sea is the water-filled 
crater of a prehistoric volcano, and near by « a depression filled with this gas. 
Birds and insects flying in this region arc suffocated. The. gas, issuing from 
outlets in the vicinitv, timds to collect in the collars of houses, where it has 
caused many tragedies by suffocating those who incautiously enter. The gas 
is also emitted from numerous fiimeroles and rents in the ground in the old lavas at 
Brohl in the Eifel ; in the caves at Pvrmont ; at Lahntal near Em.s : Taunus ; 
near Driburg in Westphalia, Sondro in Thuringia, Montpensier, cte. In Auvergne 
in the neighbourhood of Vichv and llauterive, the gas lias been utilized iii thi; 
manufacture of white-lead. The presence of carbon dioxide has been recorded in 
volcanic, gascs.s After an eruption at VeSuvius, tlic.carbon dioxide has been 
reportei* *o come from the ground, in the vicinity (uidc supra), in such quardihes as 
to a 3 phyxiat(i.numcrous small animals and to iTll the q^lars of the homses. Torrents 
of the gas arc evolved from the craters m South Americaf .7. B. .1. D. Tfoussingault 
t«timat«d that Cotopaxi emitted more carbon dioxjde annually than was produced 
by combustion and respiration in the city of Parts. Tlij 1783 eruption at Skaptar 
Jokull Iceland, is said to have suffocated thousands of men and Ifcndreds of thousands 
of cattle. Carbon dioxiihrfias been reported in the gases ffom the gait deposits at • 
Stassfurt,® and in the gasaa fnan cpal,^ an* soils.** Processes o oxidat^n m the soil ^ 
impdyarish the oxygen in the air of wells, and mines, and form carbon dioxide. 

It has been estimated that an acre of good garden land ill summer evolve 
more tlian six tons of carbon dioxide derived from the oxidation of the Mganic 
matter ^n the soil. Again, the oxidation of iron pyrites furnishes sulphuric acid 
which coming in contact with the carbonates yields carbon dmxidti. The so-oalM 
chke-damt, or black-damp, contains 85 to 95 per cent, of nitrogen and 5 to In p* 
cent, of carbon dioxide. According to C. Ic Nevo Fo^er and J. S Haldane, an 
enormous quantity of black-damp is formed in mines : 2(^-5(^ o. ft. per minute 
is a common quantity ; and the oxidation process wbch produces it is the chief 
source of heft i« mines. Choke-damp issues from 80 i\into mines or wells when 
the barometric column is Ming. , Meteorites*- mw con«ain carbonatM : and carbon 
dioxide has been repprted to jjccur m blood, w urine.n 
* dioxide occurs as aif inolusion in cavities in many*mir;erafc.w Numerous inoUl 
carbonates o«cur in nature they are discussed m connection with the respective 
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§ 32. The Metabolism of Animals ani Plants 

Two cliemioal inAividuala stand alone in ini[»ortnnce for the great biological cycio upon 
earth, t The one is water, tlie other carbon dioxide. . . . These two simple substances 
the common source of every one of the complicated substances which are produced fey living * 
beirfgs, and they am the common end products of the wearing away of all the constituents 
oL protoplasm, and of tlie destruction of those materials which yield energy toihe body. — 
EFJ. Hendkrson (1913). « 

In 16T4, John Mayow i demonstrated that the respiration of animals is a process 
of oxidation analogous with combustion, J. Mayow placed a mouse in a cage 
under a vessel standing ovrf water~Fig, 42--and noticed that the#yater rose in the 
jar as respiration continued just as if a burning caudle*had been'placed under the 
jar, owing t3 the withdrawal of “ nitroaerial particles ” (oxygen). He found that 
the mouse died after B time, smd it was impossible to ignjte fiP combustible body in ^ 
the residual “ a^al ” gas*(nitrogen). t • • 

Metabolism ol <mimal8. — Organisms are continually wasting tissue as a result 
qf muscular o^othen forms of work. .Those constructive processes by vihictfsub- 
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stances Akeu in as f(^d by living irgaSisms are converted into pfbtoplasm are said, 
to be En&'bolic from ara, angw ; ^aXActi/, to throw. #Tlose desifuctive processes 
Ijy which tijie pr(jtopl|isra, etc., breaks down into simpler products ^re termed kata> 
bolic-»-from Kara, down. |The«tw(^ pheno«iena arc included un^er the term meta< 
bolism — ficrd, about. Tire gir during respiration loses •about 4 to 5 pef cent, of 
i)sygen, and Jains 3 to 4 per cent, of carbon dio^^ide. Oxygan, taken in by the 
lungfS, iS absor^^cd by the blood. The blom contains bsemoglobin ; this unites 
with oxygen, fonnihg OxyhSBmOglobin—theTCrmer is jj^rescmt in blife >t^nou8 blood ; 
the latter i^ed ffttefial blood. The oxyhaAnoglobin gives up to it.s oj^gen very 
^readik', ancwt thus oxidize# the waste prod uct|— partly to carbon dioxide. The 
carbon dioxide held in soln. by the venous blood is pumped by the heart to the 
lungi, alid the gas is finally exl^aled in the breath. ^ • 

• 

By breathing into a boaker^and then adding clear lime-wnteji; or better, by blowing 
through a^glass tube into a b«aker containing clear liine-wtfter, it is easy ^o demonstrate the 
presgnce of carbon dioxide in the hreatfi. The precipitation of CHlcium^4frbonnto causes 
the clear lime-water to become turbid, etc. Tlfe experiment can be ^lodilied by drawing a 
stream of air through pieces otHoda-lirne in a tower, A, Fig. 43, to^ornovo sarboii dioxide 
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from the air: tlien through a wasli-bot.llo, Ji, with <’lear lirno-waler. Ihe clarity of the 
lime-water dcmonstrate.y the absence of carbon dioxide in the stream of air. Ihe air aftef 
passing temow (witness) tube, li, enters a gla«s chamber, (\ wliicb liolds a rnouse or a 
couple o^iico, and then passes through anot her ^ash -bottle, containing clear lime-water. 
The turmdity of the lime-water in i>, and the clarity of the lime-water m Ji, can bo ex|)lained 
only by^^suming that the mice are giving off carbon dioxide during res[)iration. • 

Less carbon dioxide is exhaled (Uiring sl(*ep because less waste •products are 
formcif The heat evolved during the oxidation pwcesses in the body maintains the 
the body at the necessary temp. In the ease olf plants, ftiost this work is done by 
^lic leaves. The respiration of animals and })lants goeSjpOn continuously, nighty 
and day — oxygen (air) ii^aken in, and returned to the air as carBoj^ dioxide and 
water. The consequent fbss hi vfeight in\oth animals and plants is made good by, 
assiniflation or feeding. Fish abstract dissolved oxygen from^water by mean%, of 
their gills. Fish quickly die for want of oxygen when placed in cold water which 
•has begn deqirived of dissolved air by boiling. Aerated water furnishes the oxygen 
necessary for their sustenance. , 

Assin^l&tion by plants. — The respiration of plants musf not be confused wkh 
the process of assimilation. In* daylight, green plants ^bsorb carbpi\ dioxide from 
the air, fix the carbon, and give oil oxygen. In sunlight, the process is very active, 
so that the respiration process, though at work, ^is masked because more carbon 
dioxide is taken in and oxygen given out by assimilation (feeding) than oxygen is 
taken in andf cai^on dioxi^Je given out by respiration ({Scathing). The decomposi- 
tion of the carbon dioxide (feeding) occurs only in daylight, §nd plant life is thus 
dependent upon thii^ process fop nourishment. 

* Tliis action of light may be readily shown by modifying an old experiment due to 
J. iMenhouz.* A two-litre flask is loosely packed with green leaves, i*id filled up with water 
thro^h 'jjrhioh dlirbon dioxide has been allowed tp bubble. Fit the Pask with a stopper, apd 
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funnel as shown * the diamara, Fig. 44 . Alai filUhe daak and nart of tire fLiel with 
water, A test-tUlw inverfcid over the funnel will collect sufficierit oxygen W allow the 
usual test# l^ing raade. Carbon dioxWe can be removed from tho gas 
bv a Boln. of potassium hv(!ro^de. • t • • p 

# • ♦ • I * 

In 177 «t, J. Priestley observed th^t flir spoilt by ipice so that 
it ia rendered iitcapable of supporting animal life, 'can be ftiade ♦ 
good by allowing gre^ plants to remain in it for §ome time. , Six 
'years later, ,T. Ingenmnisz found that this action occurs only in 
light. He said that * ^ • 

Tlio light of tllcf sun is alone capable of j^roducing in the leaves ipai 
movenieni which can develop dephloglsticated air (oxygon) . . c soon 
*as tho light (^wses to act the leaves, the opQ^ation ceases at the same 
^ time, and anolher of a different nature commences. 

* • , 

1783 , J. Senebier showed that the c^/iemical changes wticli occur 
Carbon I)i- resi^Jt in transforming fiXed air (carbon dioxide) into dephloglsticated 
oxide \Py air (<>xygen). N. T. de Saussure, iu'^ 1804 , also investigated the 
‘ • Plants. , ])henfimenon. Only the green ^phrts of plants are able to 'decom- 
pose al^n. carbon dioxide in tl^ presence of sunlight. In plante, 
the green ])igment, chlorophyll, is associate^ with living protoplasm^ forming 
granular masst^ called chloroplasts -studied by C. Timiriazeff. The nature bf 
the green pigment lias been discussed by R. Willstfittcr and A. Stoll. The absorption 
spectrum of chlorophyll has bands in 4 :he red and blue, practically none in the ultra- 
red ©r in the yellowish-green, but there is a faint one in the ultra-violet. The 
most striking featuFe is the dark band in practically the position of the 
maximum energy of the solar spectrum. T. W. Engelmann, H. Kniep and 
F. Minder, and C. Timiriazolf have demonstrated that the maximum evolution of 
oxygen occurs where there is the greatest absorption of light. 

Radiant energy is stored up by the insolated chloropliyll. The decomposition 
of the carbon dioxide at ordinary kunp. requires the (expenditure of energy. The 
process is not catalytic. F. Weigert explains this by assuming that tho chlorophyll 
itself takes part in the reaction, and Ihat the increase in potential is due to the ' 
phy8i(alopcal processes in the protoplasm of tho chloroplasts. ,,, 

According to M. Trautz, tlie process is accompanied by chemi-lu^nnescenco so 
that the reddish light eiiAik'd has thee same wave-lengtli as the mam absorption i** 
band of the chlorophyll. HtartVng then froili the energy stored by the chl(?rophy^] 
t and carbon dioxide, A. von Ra^ye^, suggested that formaldehyde, H.CO.H, is tho 
first product of the r( action : <C()2-)-H20=H.C().H-b02, and that the end-product 
• of tho photosypthesis is a polymer of formaldehyde: CgHi^Og. H(f*’ 

a^umed tha{ the carbon dioxidi^ breah down .\ Cp2"^V^0H"0, and the product 
•reacts: C0-fH20+H -02+ H.CO.H ; E. Erlenmeyer, however, assumes^ that 
foiftnic acid, H.COOH, and hydrogen dioxide are first produced : CO2+2H2O 
"-H.COOH+H2O2, and that these products interact, giving formaldehyde ; 
H.C00H-fH202~H.C0.H+H20+02. A. Bach, indeed, obtained formfic aefd ^ 
by the action of light on carbon dioxide in tho presence of a soln. of a uranium salt, 
anji assurrfed that the first stage of the reaction involves the formation of jforcarbonic 
acid and forfnMdehyde : <3C02+3H20---2fi2C04+H.G0H, followed by H2CO4 
“CO2+H2O2.* F. L. Usher and J. H. Priestley have studied the mechanism of the 
carbon assimilation ; they found an aldehyde and hydrogen dioxide among the 
products of the action of ligt.t on films of chlorophyll in tho presenc^of caoist carbon 
dioxide. The work of S. B^chryver, H. Wager, and C. H. Warner flaakes it doubtful 
if an aldehydF can b^ produced from carbon dioxidh and watej by chlorophyll alone 
without the intervention of protoplasm. eThe pr^uction oF formaldehyde from 
, carbon dioxide been stJdied by F. Hoppe-Seyler, F. h. usher and J.'H. Priestlej^, 

T. Curtius and H. Kranzen, F. Weigert, B. Moore, S. M. Baker, R. Willstatter and 
Stoll, 0 . Warburg aid E. Negelein, et(i . — vide chemical properties of ^arboubdioiide. 
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The eS^rgy requiri^ for the decljpiposition of the carbon dioxia^is derived mainly 
from the radiant energy of th^ sun. There is thus a#tr^nsformafion of the sun’s 
radiant enetgy inio chmical energy whith is stored up as vegetable l^jssue. The heat 
of combustion of burning wood is ]|elievedato be eq. to the solaj energy used in its , 
formation (Jless’ law), m night, t.e. in darkness, feeding stops, but breatl^ng — the 
absorption of* oxygen and the evolution of carbcii dioxide — continues. The net 
result or both processes — assimilation and reAiration — is to remove carboM dioxide 
from the air, and restore oxygen. •There is^robably^ kind of equilibrium press, 
between plajjs an^ lAe carbon dioxide of th(?air. If the amount of carbj^n dioxide 
•exceeds a certain limit, tji^is irould be followed bji greater activity in vegetable life, 
and thus the normal proportion of carbon dioxide would be restored. Similarly, 
if thd amount of carbon^ioxidij were reduce^ below the normal, vegetable life would 
be impoverished until equilibrium was restored. The proportion of carbon dioxide 
present ii^the gases dissolved by sea-water is about 27, times is great as the propor- 
tion^of this gas in air. Since f arbon di^ixide is fairly soluble in watei^ itiollows that if 
■ a large surplus of carbon dioxide were intrdfluced into the atm., say, from volcanic 
source^ the sea would dissolve a still gre^iter proportion. Jlencc, as indicated 
above, the seu mast be an im/poriahtmeans of regalalimj the amount of ^carbon dioxide** 



is a kind of closed cycle, an alternation of oxidations and deoxidations : 

Sun’8 energy stored ^luntB feed 


^ deoxidation'^ 
(-();{ C 

« oxidation 


l^iKsrgy dissipated- -animals and plants breathe, (‘to. 

maintained by a continuous supply of energy from the sun. If the sujiply shoul^l 
cease, tfee deoxidation of carbon dioxide would stop and the present conditions of 
life on flthc e^rth would come to an end because the., available carbon would be 
transformed into unavailable carbon dioxide. ^ 
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• CARBON^ 

,0 33. The formation and Preparation of Carbon Dicydde 

. • In some^istrigts carbon dioxide is cdttecied from springs — e.g. tho natural waters 
from the Saratoga Springs Yo|k), andiin South Germany. ^Borings are made, 
and a basin is excavated sfco^t each bore-hole. The basii^ is filled with water from 
(tfie^bbre-hole, ^nd the excess is allowed to escape by an overflow channel. A kind 
of gasometer is pjaced over the bore-hole so as collect the gas. The gas is led from 
the gasholder, and* purified by parsing thlftugh a sjyaying apparatn'A A little 
potassium p^man^aAte may be added to Oxidize such impurities as 'hydroffen 
lulphide.i . . . * • , 

Carbon dioxide is the end-product of the combustion of carbon in its various 
form^-^'£^e carbon. In^techniijal work, when contamination with nikogen is of no 
moment, carbon dioxide is obtained by passing air over heated carbon— charcoal, 
coke, etc.^ Furnace gases resulting from the combu|tion o< coke, ^arcoal, etc.] 
may have up to 20 per cent, liy vol. of (^rbon dioxide. The carbon d^oj^de so formed 
can be isolated by passing the gas into a solA of potassium or sodium carbonate, so 
as to form the hydrocarbon*te : K2C03+H204-C02=2KHCV3 ; the* gas can be 
recovered by heating the hydrocarftemate. Many modification^of thi| process have 
be^ suggested. 2 The exhaust gas ^om gas-en^nes has also.been employed. The 
sulphur d»xide and dust arc removed by nassing the gas though scrubbers con- 
tatniiig limestone over which water trickle!. L. Hackspill and A, Couder ifoted 
the formation of nitrates and nitrites in the preparation of carbon dioxide by the 
combustion of coke. The formation of carbon«dioxide in the combustion of carbon 
monoxide has been treated' in connection with the latter gas. The, preparation of 
carbon dioxide from water-gas has been treated by C. Arnais,^and J. Pullman and 
H. S. Elworthy. 

The slow oxidation of hydrocarbons, said F. C. Phillips,^ always yields carbon 
dioxide ; ethylene is oxidized by a soln. of potassium permanganate in sulphuric acid 
below 100® ; and acetylene is oxidized by the same soln. cold, as well as by calcium 
hypobromite, or by osmic acid. 0. Angelucci found that when acetylene is heated 
with oxygen and nitrogen in the presence of pl^itinum sponge : 2C2H2-f 502(-|-5N2)* 
=4C02-^H20(-1-5N2), or C2H2-j-202(+2N2)*--('02-l-C0^H20(-f2N2). J. Coquil- 
lion and^ Henrivaux passed ethylene and water vap. through a red-hot porcelain 
tube packed ^ith bits of porcelain, or ])umice-stone, Jnd, at a bright red h'eat, the 
iproduct contained 15' 7 per cent, of carbon dioxide and per cent, pf ethylene ; 
aVa higjier temp, a larger proportion 5f ethylene i?ud carbon dioxide was formed. 
The fractional oxidation of the hydrocarbons has bden discussed in connection with 
carbon monoxide. R. Pippig and 0. Trachmann disqussed the purification of coal 
^s, and the subsequent forj^ation of carbon dioxide from the , Products of combustion. 
0. G. P. de Laval obtaiVd cartoon dioxhlc from the products of combustion of 
petrol^m. Carbon dioxide is produced by the action of steam on heated carbon 
(<?.u.). E. E. Arnold obtained it by the action of air on molten pig iron, ^ 

,^The carbon in organic substances furnishes carbon dioxide during oxidation 
partly air and partly by the contained oxygen, at ordinary temp, or when warm. 
The gas, for example, is produced during fermentation.® Enqrmcus quantities are 
evolved asfl by-product during thp manufacture of beers, wines, etc., in the^alcohoPjc 
fermentations of sugar : C6Hi206=2C2H50H-f 2CO2. ^he ga^ so produced has a 
flavour like that of fusel oil, but it can be used for some purposes as disclissed by 
H. Kerr-Thomas, J. C. Stead and T. C. Palmer, B, Thalwitzer, J. L. Seyboth, 
C. Dorries, etc» JTone of the proposed methods has been successful from an industrial 
point of view. F. Stolba (Obtained a very slow current of carbon dioxide from a 
mixture of 5 vols. of yeast with KXK) vols. of a soln. of one part of sugar in four parts 
of water. Carbon di(feide is for&ed during the putrefaction -•and decay of oiganic 
mltter.® It » formed during respiration,^ during musc'ular worlc,8 and during 
bhe germination of plants.® 

H.^ Karsten^ found that various organi9 substances furnish carbon dioxide 
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when exposed^tf) ozonized tir/ Carbon, andjvarious org^ic substanles evolve 
carbon dioxide in conta4 with oxygenated compoi^nds at ordinary or ht elevated 
temp., thu8, A. f . Fol, ana E. Moridc observed that many soliv of m^tal salts %re 
reduced by carboiv with the formation of carbpn djoxide. Several other re^ictiona 
have bcftn indicated in 6onnoction with the chemical activity of carjion, carbon 
monoxide, oxychl«rid(^, oxysulphidc and disulphide. P. Schiitzenberger foand., 
that wten carbon tetrachloride is Abated many hours with zinc, oxide, *at ^00°, 
carbon dioxide* is formed. iH. St. C. Seville and H. Debray fflund that pc^wdered 
rhodium converts formic acid into carbbn dioxide. A. Richardfilbn found an aq. soln. of 
oxalic acid in light furnish(;s carbpii dioxide and water, «,nd^ay be hycfrbgen dioxide^. 
According to C. Wilde, fuming sulphuric acid and citraconic anhydride give carbon 
dioxide at 1501 100", and carl)on monoxide at 220". ^ A. Bouvier patented ft process 
for the preparation of a mixture of carbon dioxide tand acetylene by the action of 
water on a fused miji^.ure of,powd(‘rcd calcium carbenate and carbide, and sodium 
hydro8ulphate^flaMS()4. « * * 

Carbon dioxidi; is obtained by heftting various carbonates to suitable temp.— 
e.g. dolomite, limesit,one, njagnesite, sodium hydroclirbonate, barium carbonate, 
manganese cufbonate, etc. The gas is a by-profii!ct in the burning of limcsftiue and 
marble for lime, or magne.sit(‘. for making magnesia bricks. The evolved gas contains 
about 30 per cent, of carbon dioxide ; thq remainder is nitrogen and carbon 
monoxide. S(gnc of the carbon dioxiift is derived from the fuel. Many procesifes 
have been devised for collecting and purifying the gases from lime-kilns or magnesite- 
kilns— wic Hupm on the recovery of«carbon dioxide from Hue gases.i^^ The gas can 
be purified fropwiitrogen, etc., by passing it into a soln. of alkali carbonate as indi- 
cated above. G. BTschofi:^ decomposed magnesium carbonate by steam; and 
V. A. Jacquelain showed that the carbonates of sodium, 8ilv<‘r, calcium, barium, 
magnesium, and lead are decomposed, when heated in steam. M. Meschelynck and 
J. F. Lionnet found calcium carbonate is decomposed by steam at a dull red heat. 
Ihe manufacture of carbon dioxide by the action of steam on limestone has been 
^treated by J. Dauglish, H. Blair, G. M. Westmann, E. Luhmann and G. A. Schutz, 
etc. The decomposition of the sodium hydrocarbonate by steam has been investi- 
gated by J . Young, and A^Gampbell a*id co-workers. L. A. Staub disdhssed the « 
decomposition of sodium hydrocarbonate by ammonia ; H. Howard, its c|/gompo8i. 
tion by sodium hydrosulphiU^- 11. Gtimshaw, and E. Sandow, its decomposition by 
sodium hydfosulj)hate ; K. G. Elledge, by calcium chloride; H. ancl J. F. Beins 
its decomiiosition by ammonia-ftlum, or potftsli-alum ; 0. Lowig, the deconiposition 
of carbonates by heating ^therif with ferric oxide; and J. L. W. Thudichum and 
J. A. Wanklyn, by potassium dichromate. 

. Carbon dioxide is iffcually prepared in the laboratory- by the action of differeih, 
jicids on vaEuus carbonates. For example, magpesite, m^estone, and marble mav 
be decomposed with dil. nitric acid as recommended by J. (f Bogusky,!^ J. G. Bpgusky 
and N. Kajander, and 1. Langmuir ; with dil. hydrochloric acid, or hydrobromic acid 
as recommended by N. N. Beketoll. Sodium carbonate or hydrocarbonate may be 
decomposed with sulphuric, or hydrochloric acid, with tartaric acid as reconimended 
by W. B. Dick ; <or with sodium hydrosulphate as recommended by H. Borntrager 
Grira^haw, and E. Sandow. J. A. Ageron and,B. J. M. Remy heated a mixture 
of magnesiuih ^u]php.te ai^J sodium sulphate or hydrosulphate with sulphuric acid, 
and usea the product as a substitute for acids in liberating carbon dioxide from' 
carbonates. F . Menter and W. A. Sedlitzky added to water a mixture of a carbonate 
or hydrocarbonate with a padily hydrolysable salt— e.^f. alum, aluminium sulphate, 
or ferrous sulphate. J. H* Niemann decomposed ammonium carbonate with dil! 
sulphuric acid. R.^C. Farmer described an appai'Atus for preparing carbon dioxide 
free from measurable^ quantises of air from a sob. of potassium hydroca^bonate 
(m grms. per Ij^re) and dil. sulphuric acid (1 : 8). L..Mo8er discussed the purifii^i. 
tion of the gas, using a paste of chromous acetate, and a 15 per cent. soln. of titanous 
(blonde in hy^ochbric acid to reiric^ve oxygen ; heated cuprous 8xide t/) r’^ove 
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curbon moiloxide’; cupric sulphate qp pjtmice to rdbioye 
a soln. of potassium permanganate to remove sulphur diof i^y 

The acid process is used industrially, i^ut* not nearly sommch nopr as formerly. 
Jhe carbonate in tlie generator ig mijed witi water. The generator is cylindrical 
and constructed of lead, or#of^cast iron lined with lead. #A saftty- valve ^nd an 
^^tator are provided. The cone, acid is run from ap acid-tank ipto the generator 
^ usually in*^uantities not sufficient to neutrali^j^ the carbonate. Sulphuric ^cid is 
* preferred^ to hydrochteric acid because the volatile impyities in the ^ay from the 
last-jiamed acid rendef the purification of the final product more costljr. The 
i sulphurjp acid^ould be free from appreciable amounts of arsenic if the gas is to be 
uted for mineral waters, if sulphuric acid were to of used with marble or whiting, 
a trouhlcfwme mass of sparingly soluble calcium |ulphate would 1^ left in the 
generator. Sodium hydrocarbouate with sulphuric acftl is expemsive ; marble 
frequently contains bituminous ii»])urities which contaminate th^gas with substances 
difficult to remove. Whiting^^uires to be mi:g‘d with more water than^oes marble 
before the addition of the acid. This makes a proportionally larger gefierator neces- 
sary. Magnesite can be used with sulphuric acid : it gives a liigh yteld of gas (52 per 
cent, by freight), and the mother-liqrtdt can be worked for magncifiuni splphate. 

The gas usually jkhhIs purification.^ A cMTtain anfonnt of purification is (effected 
on a,T5rge scale by passing the gas throii|[h water-8cri4>bers. If the gas still possessc's 
an Unpleasant odour, it is purific'd by passing it through a soln. of jmtassium per- 
manganate which destroys the organic compounds and hydrogen sulphide ; and 
through a soln. of sodium hydrocarbonate, wli^h retains acid fumes. Sometimes 
manganese dioxide or potassium permanganate is added directly to the generator 
when sulphuric acid, but not hydrochloric acid, is usedf J. * Stenhouso,i® 
and J. Forster recommended purifying the gas from objectionable odours by passing 
it over pieces of wood charcoal. To remove hydrogen sulphide, when working on a 
small scale, H. Hager passed the gas through an acid soln. of ferric sulphate, then 
through a dil. soln. of iodine, then through two wash-bottles containing an aq. soln, 
of potassium permanganate, and finally through water. N. Gniger said that potas- 
sium permanganate, or other oxidizing agents does not always remove the objection- 
jl^lc odour*from the gas. E. Pfeiffer rccomniended scrubbing the gas with olive 
oil to get ^1 of the odour. II. Reinscli said that it is sim^fiest to destroy tfio l^u- 
minous nmtors by pre-beating the limestone •or dolcftiiite to a low temp.' The 
yppurities in liquefied carbon dioxide were discus.sed*byi^). Wentzky, H. Lang(‘, 
J. (J. A. S^Thomas, R. Woy, H. Thiele anti H. Decker*, and J. Wereftr. V. Cremieu 
and A. Lepape purified the gas by the solidificatioft of the carbon dioxide, and 
pumping off the less condensable gases; and A. A, Backhaus,*by passing it over 
iKilivated carbon. ^ • 

I. Langmuir recommeiided pr»|)aring carbon (dioxide from marble^ ^id purified^ 
50 per cent, nitric acid. The marb*le was boiled several times with weakly acidu-* 
lated wa1)er to free it from air, and the acid was freed from air by a stream of carbo» 
dioxide. The gas was purified by passing it through a sat. soln. of sodium hydro- 
eal'llonatdi then through cone, sulphuric acid, and finally dried by passing the gas 
through a long tube containing phosphorus pentoxide. Nuyierous varieties of 
apparatus 4ave been devised for the intermittent supply of carbon dioxide by thej 
action of acid on a carbonate. Many of these are also us^ for j^ydrogan sulphide, 
etc. F. Kiispert obtained small quantities of the gas from a syphon of sbda water. 

On an industrial scale carbon dioxide may be obtained from lime-kilns ; from 
producer gas, (wi^bustion gases ; from fermentation processes and other pro- 
cesses 20 in which the gases are absorbed by a soln. of s^um carbonate, and the 
soln. of hydrocarbonate heated to«drive off the absorbed gas. • L. Haftkspill and 
A, Couder found nitrio*acid in the gas c^erived fron^ potassj^im hydrocarbonate, 
Thif salt was made from (farbj)n dioxide obtained from ctke, and the nitric acid 
was derived from the nitrous acid formed during the oxidatio^ of the nitrogen 
compotnds^whentte coke was converted into carbon dioxide. ^ 
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§ 34. The Physic^ Properties of Carboi^ Dioijde • • 

Carbon dioxide is an invisible, colourless, and odourless gas at ordinary temp. 
A. L. Lavoisier’s i statement that the gas has a feebl% odour shows that his product 
was probably impure, but when breathed through the nosfjils it does give a tingling 
sensation, due, prol^ably, to rbs forming carbonic acid with the moisture ; this also 
accounts for its having ^ acid taste* Liquid carbon dioxide was foftnd byM. Faraday, 
J. H. Niemann, L. P. Caill^t, and B. Schwalbe to be water-dear, colourless, tery 
mofiile liquid.- *M. Thilorier stated that the solid is a white flocculent nyiss resembling 
snow, ^nd, like ^now, is readily compressed. H. Landolt obteined dense hard 
cylinders of the compound by compressing theinow. M. Faraday, and A. Loijr and • 
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C. Drion obtain'd the solid is a*colourle8s maairesembling ije, which, whin fractured 
furnished small cubes. ice-like form is obtainijd by cooling the liquid en nmse ; 
or, according 4o U. Behn, by cooling l^e ^p. in a chamber Jbeloj? —76°. A. Li^er- 
sidge said that the crystals resemble Aose of gold^ iron, or ammonium chlo|ide, and • 
belon^to the cubic sysffem, although they volatilize^ bljfore measureijjents could be 
made. P. Vilkrd and R. Jarfy said that the crystals do not act oft polariz^ kghA 
A. Liversidge. and H, E. Belinkcn^ound that the clear optically, isotropfe (yystals « 
belonged \o t^e cubic system, and slfdwed bofh cubes and octahedra, Thg sharpest 
and beit formed crystals were liable to explosive ruptufc ftwinjto contraction 
strains. According to W. Wa^d, when carbon diixi(]^ is cooled oy liqukl ftirj^t*" 
condenses in the form of sma^ cubes which are quite isotropic. No polymorphic 
change was observed above ♦-210''. H. Mark and E. hohland obtained X-ra^O- 
. grams in ^reement witli an elementary cube oh side r>-62A. M. Thilorier said : 
When the solid is tixjiosed to air it disappears hnsensibly by slow evaporation, 
without niVltftig. A fragment of tlie solid, slightly 'touched by the ringer, glides 
• rapidly over a polished surface, as Tf it wer^ sustained by tin; gasi'ous atm. with 
which it is constantly surrounded. The v|,porization of solid (larbon dioxide is 
complete ; 6' leavfs but rar(‘ly a slight humunty which may be. attributed to the 
action of air on a ^’old body, the temp, oj which is far below that of freezing 
mercury. The snow can be Imndled withoyt harm, but when pressed on tluTskin. 
for a few seccgids or more, it ])roduces blist(‘rs. 

The gas is about one and a half times as heavy as air, and this explains its 
tendency to accumulate in Ioyc -lying places— valleys, cellars, etc. — vide the 
occurrence this ^as. 

Tlie invisibility of tiie gas, its heaviness compare(i with air, and its property of quenching 
flame, enable many pleasing and attractive experiments to be arranged ; their variety is 
limited only by the ingenuity and skill of the experimenter. Thus : (1) a long cardboard 
gutter leading into a glass trough in which a number of candles are burning can bo arranged. 
The invisible gas, carbon dioxide, can then be poured from a laige beaker down the gutter, 
when the candles will be extinguished just as if water had been j^oured down the gutter, 

(2) A cylinder can be arranged with candles at different levels ; the gas when led into the 
cylinder, extinguishes the candles onc;^ by on<i as the gas rises in the jar. (3) A wheel of 
stiff cardboard can Iw mounted upon tw*) corks on a knitting needle journalled ihto a wooden 
standard ; pajier buckets <<an be attach(>d to the periphery of the di.se by joiniiig the edges 
of the paper .so as to form a h^illow cone. When carbon dioxide is poured into«(flir buckets, 
the wheel will rotate, if prqperj^y balanced, as it were a water wheel,” njpvod by a stream 
of water. (4) A cardboart.^ box, or a light gloss voasel, can bo coimterpoised on a balancq ; 
the beam will b^ depressed whei carbon dio-fido is poured into the box, showing that ihe 
carbon dioxide is heavier than t.fro air displaced. (.5) Soap-bubbles blown with the air can 
be floated on the carbon dioxide in a Iftrge dish. (0) Petroleum burning in a shallow dish can 

extinguished by pouring tlio gas over the dish ; and a beaker of the gas poured over a 
lighted candle will quenr h the flame. (7) Carbon dioxide cqu bo ladled from a large cylinQ. 
by a small Ijpakcr tied on to a string. The action is atalogouS^with the method of emptying 
a Well of water by means of a bucket and rope. Finally, a candle will bum’ in the cylinder, 
ohowing that the carbon dioxide has been removed. The beakers of carbon dioxkle can bo 
emptied into anotVier cylinder and the presence of carbon dioxide demonstrated in the usual 
way., 

F. Mohr2 ^ave 22 for relative density, at n.p.t., if H=1 ; and J. CoW, 
^21*971. R. F. Mafchand gave 1-3819 to 1-3825 if 0-1 ; and P. A. Guye, 1-3833. 
tL. Bleokrode gave 1-529 (air unity) at 15° and 160 mm. With air af n.p.t. unity, 

R. F. MarCji^nd gave 1»5282; H. V. Regnault, 1-51910; F. J. Wrede, 1-52037; 

J. J. Berzelius and P. L. Dulong, 15245; F. Exner, 152; E. Wiedemann, and 
R. K. McClung, 1'529 ; J. M». Crafts, 1-52897 ; J. P. Cooke, 1-52856 ; A. Leduc, 
1‘5287 ; Lord Rayleigh,«ft’52909 ; R. J. Strutt, 1’53 : and N. £►. Drenteln, I'SO to 
1'52. According to J. P.' Cooke, the calculated ^density is usually smaller than the 
observed value bcfjause the gas under atm. presi^ is more ^rongly compressed and 
mu6h nearer its poiflb ot liqflefaction, tlftn the standard of comparison. F. Emioh 
found 1-485 at 1000°, 1-497 at 1500°, and 1-527 at*2000° ; and wi!h gas dried by 
sulphuric acid, 1®657 at 19° and 1*550 at 1875° — ^all referred 1^ nitrogen^ unity. 

A. P. Lidoff^said that the density oi. carbon dioxide from various natiral sources 
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is lower th&n the theor^tidsl. E. MftthiAs studied the density curv^ at low temp, 
and near the critical point. • ^ • / 

, ■•L. P. Cailfetet and ft Mathias, E. H. Anajat, P. Phillips, and U. Behn measured 

the vap* density of carbon ^dioxtde It different temp.— According to 
H. V. Ilegnatlt. the weight of*a litre of the gas at and 760'^ is r97774dJ|f grms. 
Md^r sta«idard conditions; E. Dietrich, 1*9^78 ;*J. M. Craffs gave 1-97772; 

* P. A.*Guye, and*P. A. Guye and A^. Print^* 1*9768; A. Leduc, li97(?3 ;* Lord 

Rayleigh: 1-976^ ; Jaquerod and F. L.^Perrot, 1^7677, and at 1067-4° and 

^ 760 lym., 0-399f6 grm. S. W. Parr has calculated a table of values between*! 0° and 
3B°, 720 to 770 mm. press., andlatitude 41°, and altft«de 100 metres. 

The^sppcific gravity of liquid carbon dioxide was given by M. Thilorier ^ as 0-38 
at 0° ; 0-90 at -20° ; and^-60 at 30° ; E. Andrcelf g^e 0^9470 at 0° ; 1. Bleekrode, 

0- 863 at 15° ; L. P. Caillctet ai^d E. Mathias, 1 057 at 34° ; O OIO at r-l*6° ; and# 

0*76 at 22-2^ ; and B. Schwiin)e, 0-83 at 0°. ,E. H. Ahiagat found ^thc sp. gr. of 
liquid «,nd gas converged as tlfe temp, approached the critical point, Vhen th<^ two 
coincided : t • ■ 

^ 0“ 10" 20" 30" 30.')" • 31" • 31-3r>" 

Liquid .... 0 9 14 0‘85G 0*76G 0 689 0-574 • 0-534^ 0-404 

Gaa 0-090 0 133 0 190 0-3^ 0 350 0-39*2 0-404 

• • 

J. Ximmermans measured the sp. gr. #f liquid carb8n dioxide* between 0° and the 
b.p. A. Bliimcke measured the density of mixtures of sulphur and catbon dioxides. 
According to P. Villard and R. Jarry, the sp. gr. of the solid is greater than that 
of the liquid ; H. Landolt gave 1*188 to I* 199 for^he sp. gr. of the compressed snow ; 
L. Bleekrode gave 1*3 to 1*6 ; B. Schwalbe, I'P,). By subliming solid carbon dioxide 
in a vessel cooled below —79°, U. Behn obtained the solid as a clear glass of sp. gr. 

1- 56 : and he obtained 1*53 for the sp. gr. of the snow suspended therein ; 

J. P. Kuenen and W. G. Robson, 1*48 ; J. Dewar, 1*6267 at -188*8° ; and 1*53 at 
the b.p. 

The molecular volume, according to L. Meyer,-* is 26*7 ; and A. Naumann also 
gave a value for this constant. D. Berthelot gave 0*99326 for in the equation , 
VQ=(vp|pQ)^l-ra{p—J)Q)\, where a is a consta^it, v the vol. under a very smalj 

* f)ress. p, and p^ is the normal 2 )re 8 s. P. N. Pavlolf# discussed the relations 
Tc— I'GlCW^/wb where n denotes the number pf atones per mol. Values foifthe 
specific volume of carbon dioxide vap. were obtained by L. P. (Caillctet and 

E. Mathias, U. Behn, J. J. van Laar, E. H. Amagat; and 0. *F. Jenkins and 

D. R. PyB— vide Table XXIll. According to F. G. jfeyes and A. W. Kenney, the 
sp. vols. of the vap. in c.c. per gram arc : • 

* 

mm -50" -40° -30" -20" 0" 10° 9 20° 30" 30-2° 

Sp. vol. . . 57-32 38^“ 2'i-44 19 72 144J2 10-44 7 501 * j-319 3-70 

The sp.^vols. of the liquid in c.c. jier gram have been measured by L. P. Caillctet 
and E. Mathias, U. Behn, and E. H, Amagat. The following data%t 10° and dowrf* 
W9,rd8 are by U. Behn, and those above 10° by E. H. Amagat : • 

*-50’ -40" -30" -20" -10° 0^ 10" 20" 30° 

Sp. vol. 0-8606 0-8960 0 9302 0-9699 1 019 1-081 1*163 * 1-305 1-672 
a . 308^ 313-2 319-2 , 320-4 323 2 326-5 326-8 324-7 *316-3 • 

F. G. Keyes and A. W. Kenney found that data are tficn w^ell represented by 
V— 2*7986— log {a—T) ; and if Dj be the density of the vap., and Dg that of the 
liquid, the ipean density equation is J(Di-f-D2)=0-4597--[~0*00179{rc~^’) 
-0-0000041(Tc-f^2. 

The molecular weight calculated by D. Berthelot is 44*00^) ; Load Rayleigh 
obtained 44*268 at 0° anA atm. pre^., and 44*014 at smalj press. ^=32) ; A. Jaquerod 
anc^F. L. Perrpt gave 43*902 ^t 1067° ; aftd L. Lowensteii^ 43*8 at 1350°. H.* von 
Jtiptner observed no appreciable mol. association in liquid ctfrbon dioxide. , 
H. Kolbe repres^ted the mol. by the formula (CgOgjOg ; and*L. Zeschko made 
some observations on this subject. J. C. MlxweU gave 9*3;^10~“*mm. for the* 
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dismctw of Jis molocul* ; *J. H. Jeans gave #56 x 10^ nun. ; E. Don, and A. von 
Obermayer made estiAafcs of this jcoiMant. E. Guye calculated the mol. 
diameter fronf the electromagnetic r^jjtation. J, H. Jeans •gavtf 4:'0>5l0 ^ cm: •for ^ 
the mean free path. J.^C. Maxwell estimated the dbllisipn frequency to be 9^’ 2 x 10® ^ 
per setf* P. Blaserna found the molecular velocity? V, in metres per#8ec. , 

Pre!j|t. * 0*7# 100 500 1000 1.500* 2000 cms. 

Fat3'3°. *. . 39.3-3 302-1. 391-a 385-0 374-5 * 362-9 550-4 * 

V at 100° .• . 45^7 469-J 459-0 456-4 |52-8 449-4 • 446-2 

A. ^ucken infers that in the^nol, of carbon dioxj^e, the carbon ffom lie# aimost r 
in a line joining the oxygen afoms and that it cxecutes^small elastic circular vibra- 
tions about 4liem. M. F. Skjpker investigated the motion of electrons* in* carbon 
dioxide. The moment t)! inertia perpendicular to the line joining the oxygen 
*atoms is alfbut 50)^10 grm. per sq. cm., andi the mutual separation of the 
oxygen at^n» is about 2x10"'^ crif. J. E. Mills ft^died the moleclllar attrac- 
tions of liquid carbon dioxide. J. A* Muller estimates the degree of polymeifization 
of carbon, dioxidf^ in the critical state to be 1*351. (X Ramsauer estimated the 
effective diiy;neter i)f the molecules towards electrons. R. Gans disdlissed the 
symmetry of the mol. of caflion dioxide ; and A. E. Oxley, A. 0. Rankinc, 

E. D. Eastman, A. V. C. Meiqpies, and A. hmcken, the electronic strircture ?ST the 
molecule—mde 4 . 27, 4 ; H. F. Meyer, the action of slowly moving electrons orf the 
carbon dioxiue molecule ; and L. B. Loeb, the affinity of the mols. for electrons. 

According to W. Crookes,^ tl*e viscosity of carbon dioxide d(;creases very 
rapidly between 020 mm. and 50 mm. press., and between 760 mm. and 1 mm., the 
decrease is twice aS great as in air. The viscosity, t^, of carbon dioxide has been 
determined over the range --2l*5"and 302'^ by a number of dilferent investigators - 
A. Kundt and E. Warburg, E. Warburg and J. Sachs, 0. Schumann, S. Pagliani 
and A, Batelli, Y. Ishida, L, J. Lassalle, 0. E. Meyer and F. Springiniilil, etc. 

0. E. Meyer gave O’OOOlOO to 0*000168 at 0^" ; A. Klemenc and W. Remi, 
0*0001382 at O’; and A. Wullner, 0*0001383 at 0*^ and 0*0001859 at 100°. The 
values increase with rise of temp. ^ 

—21.5'’ 0’ 1.5'- * L0“ 53-.5'’ 100" 182-4’ 24(i-3° 3021 c 

. 1278 1414 1488 1579 1638 1916 2221 2Af8 2682 


In W. Sutherland’s fqjr-mijla ^='>]o{(273+T)/(f-fe)){r/273)', fbr the relation 
between the viscosity of a gas^and temp.,.C' has the value 277 for carbon dioxide*; 
P. Breitenbach gave 239*7 ; iwid A. Klemenc and W. Remi, 263*4. Th^ effect of 
air on the density and the viscosity was determined at different temp, and press, by 
E. Warburg and L. von Babo in 1882. P. Phillips determined the viscosity-prqg^ 
isothermal^ Ait 20°, 30°, 32°, 35°jt and 40°. Somij;, of t^he^ measurements are shown 


nn Table aXII, and the results are plotted in Fig. 45. The form of the viscosity- 

Tablk XXII.— TifE Effect of Pressure on the Ylscosity and Density of Carbon 
♦ Dioxide. 
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micient of viscosity 


t ’ • • 

press, isothejmals is veuy similar to the density-press, teothermala ^cept that the 
former cross one another, while the latter do not. This ii (Jue to the fact that the 
viseosity of a ’gas imcreases with a rise oPte^p., • 

whereas* the viscosity of a liquid decreases with /20i — *-1 > — rrn 

rising ^emp. • The curves cr^ss* before the gas is * ^ 

Hcju^ed, Rowing that it is beginning to act lih^ Z*J00 > / f//^ ^ 

a viscmis liquid b»forq condensation occurs. The ^ / // 

critical viscosity is (J* 3^ X 10'^, and *the critical ^ 
density 0‘ 464., iThe portions ^45 and ^'5' repre- | 

8«it *th^ viscosity of a suj^rhfated liquid, while ^ fff / 

CD an(J C'U represent the viscosity of a super- (,o — 

cooled vap. By plottings the density- viscosity ^* ^ P /"A 

curves, the points corresponding with different ^ ^ I ^ 

temp, run talong curves v^ry* close together, ^ • I * 

showing that in the range of4emp., 20M0°,^of j \ ^ 

these experiments, the viscosity depends almost 1 

entirely gn the density. By plottii^thc squan; I • • 

of the densities between O' 2 and 0'7, the viscosity ^ ^?j_JLL* a , ; 

is a Jinear function of the square of the density, t ^ 

meting tha*t within this region of rat)id varia- • ^ viscosi y x 

tion of density with temp, or press., “ the Fio. 45.— Viscoshy- Pressure 
change in viscosity is almost entirely due to Isothermals of Carbon Dioxide, 
the change in attraction between two adjaceift 

layers of the fluid, for this would be proportional to the 8(juare of, density. In 
other words, the viscosity in this region depends almost entirely on the term 
in J. H. van der Waals’ e(] nation. At higher densities, it is probable that the change 
in the kinetic energy of the mol. begins to ])lay a larger part, and at low densities, 
the attraction between the mols. becomes quite negligible.” The Cpefflcifent of slip — 
vide hydrogen — is y=0‘(KX)00G50. J. Puluj measured the viscosity of mixtures of 
carbon dioxide and hydrogen, and found a maximum with the mixture (X)o-j-0'3H ; 
with C02Hi6H the viscosity is the same as tharf; of pure carbon dioxide ; and the 
• Values the* decrease regularly with increasing proportions hydrogen. E, Warburg 
and L. vdn Babo found the sp. gr,, D, and viscosity, ^17, of liquid carbon di(*xide 
to be : • • 

r,“ 10“ l.r ^20" . 25" 20® 

D . . . 0-922 0-89r> 0-804* 0-827 * 0-783 

7jXl0« . . 925 852 784 • 712 025 539 

^J. Smith showed that the viscositv of a mixture of nitious oxid8 and carbon dioxide 
m e.G.S. units is 0'000136^ %t 0001 141 at 15“" ; and 0-0001845 ^t 100^ The 
mean collision area was calculated to be 0’834xl0“^^ sq. cm. J. E. \%rschaffelt 
found Ae capillary constant, a^, and the surface tension, o, of liquid carbon 
dioxide to be : * 


Fio. 45. — Viscosify-Prossure 
Isothermals of C’arbon Dioxide. 


0-376 sq. mm. 

100 dynes per cm. 


The velocity of sound in carbon dtoxide at 0° has been measured by W\ J . M. Ram 
kine, C. Bender, C. T. Knipp and W. B. Worsham, P.*L. Mong.'A. ^asson, 
I. B. Zoch, T. Martini, H. B. Dixon and co-workers, and A. Wullner ; and at 
10°-24°, by J.,W. Low. According to 0. Buckeffdahl, the velocities in metres 
per second at diffet^nt temp, ^re: • 


0“ 100" • .wo® .'>00® 070® • 04.'^ 1080" 

Velocity . . 258-04* 301-6# 373'J4 43406, 603-^8 643-29 672-46 

It. M. Poiseuille ^ compiled the speeds at which wa^^r and a gat. aq. soln. of 
carboy dioxide i^ssed through capillary tubes. T, Graham measured the rate of 
transpiratit^n of carbon dioxide under similar qpnditions, and found that if the timq, 
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for oxygen be^ity,that fofcarT)on dioxide is ^7272 ; and ior the elflujpn of carbon 
dioxide into a vacuum,^' 1573 when that oxygen is unity. W. Timofejeff made 
some measurements on this subject*^ aiifi F. G. Donnan •found Wt the rate^of ^ 
effusion of carbon dioxide is about one ])cr ofcnt.iin excess of that calculalfed from 
T. Graham’s law. K,* Sameshima and K. Fukfcya studied the •atmolysis of ' 
carbon dioxide, i’he throttling ex{^riments producing the so-called Joulc^TholIlSOli 
effect were fi^und by J, ?. Joule ami W. Thomson, at about,3 atm., to be 1*34 at * 
7-4", 1*03 Vt 35-6°, 0-89 ah 54*0°, anJ'o-Gf) at* 97-55°; 0. F Jenkin and B. R. Pye 
found ai40-8 atm. press., 1091 at 29T)°, P62 at 24‘5°, and l-?42 at 2(#^ E. Natanson 
found at 25°, 1*18 at 0 atm., h'lO at 10 atm., 1‘43 ^ 2l^ atm., and 1‘50 at !25*ata. * 
F. E. Kester represented their results at 22°, by d^/dj3=l-187°-f0'0015^. ’ The 
variation of with p.is gtcatcr than would follow f#om J. D. Van 5er Waals’ 
equation. ^ . k. D. Rudge measured the effect kt 21° with a difference of press, 
of 67 to be ~l‘81hl° per^atm. difference of prels. ,M. Jakob found the press., 
p, and tenff). *r, at which the differential Joule effect is zero, is {dvldT),i=^vlT ; 
and that p-899;7~M672’-1102xl042’ g. Burnett, and F. G. Keyes also 
studied th* effect tvith carbon dioxide. ^ ^ ^ 

J. Loschittidt’s falucs’* for tlje diffusion coefficient, k, per sq. cm. per sec. of carbon 
dioxide and t « 

NjO • 00 *02 Air CHg* 

* • ■ • < 0-09831 0-14055 0 14095 0 14231 0-15856 0-55586 

. A. von Obermaycr gave values for carbon dioxide with nitrous oxide, ethylene, 
methane, carbon monoxide, air. oxygen, and hydrogen ; A. Lonius, and R. Lorenz 
and A. Magnus foi* hydrogen ; J. Stefan, for water, and alcohol ; A. Winkclmanii, 
Tt u j ^aitz, V. Hausmaninger, J. 0. Maxwell, 

A Air ^ i’ air ; G. Hufner, for carbon monoxide ; 

A. Winkelmann, for alcohol, ether, esters, and fatty acids. A. von Obermayer 

oxygen, and nitrous oxide by 
. ^o~A(io/7) 7°p/7(); J. Lo.schmidt used /o==^{7V^)“P/7C) for a number of gases. 
According to R. Brimmeyr, when /;arbon dioxide is separated from hydrogen or 
oxygen by a moist bladijer, more edrbon dioxide diffuse^} to the specifically lightc# • 
ps than conversely ; and with a dry porous partition, less carbon dioxide diffuses 
to the specihcally lighter gljs than* conversely. J. Wiesner and J{. Molisch also 
. found that carbon dioxid^j diffuses through vegetable membranes more rapidly than 
hydrogen, oxygen, or nitrogi'd. T. Graham, and G. Matteucci studied tie rate of 

trl'T 1 ^ ^^aris ; H. E. Roscoe, and 

M. 1 ettenkofer, thiuiigh brinks ; and F. Hanuen, through soils. L. Pfaundler, and 
U. yuincke ^ound tlmt carbon dioxide under press, does not diffuse perceptiffit 
through gla£;8 walls Lb mm. thick. T. Graham. J. Dewar, and E. Obach measured 
the diffusion of carbon dioxide through caoutchouc or rubber, and the firs^-naraed 
hbund that the cates with carbon dioxide and monoxide are as 13‘585:ril3. 
f. Kyme found 0 (X13 c.c. of the gas passes per hour through a sq. cm. of rubbei; 2 
mm. thick ; and H. Kayser found the speed to be much less than that of fiydi-ogen,' 

X pryportioiially with temp., while the absorption coeff. decreases 
with tefnp.— mde infra. L. L. Grunmach shoMjed that the increas^ in the rate 
of diffusion .through rubher is not proportional to the difference of press., and that 
the debase in the rate is not proportional to the thickness of the membrane. 

K. f ricke 9 investigated the growth in the size of bubbles of carbon dioxide rising 
m liquids, F. J. Wrede^thowed that Boyle’s law does not desciib^ the behaviour 
of carbon choxidc at elevated press., and H. V. Regnatilt found Ue gas to be more 
compressible than » represented by the function and he represented 

we compressibility «by an dnterpolatioii formiAa ; sq afso did A. Avogaio* 

E. Mascart gave 0 00901 ^or the compressibility at 3° D. Berthelot, 0*00688 beWeen 
atm.,between 1 and 0-5 atm., 0 00676, and between 0-6 and 0-25 atm 
0-00666. P. A. Guxe and T. Batuec^ gave 0-00706 ± 0 00004 for tie compresaibUity 
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V; KIeeson,.T. Andrews^and Lord Rayleigh also meaf/red the cora- 
presBibility of this gas. T. Andrews’ ^servations ou*tl^ j»T-curves of carbon 
dioxide have*been ^isc»ssed previously I 8); and 0. G. Knotty has compiled 
the data from T. Andrews note-booki. E. H. Amagat gave for the change of com- 
pressibdity p^/PiVi with tem^.,%vhen the value of pv at 0^’ aftd 1 atm. press, ilk unity 

(0*726 atm.* . 

Press.* { 1*440 atnv g. 

1 2*8» atm. 

^ ^ 1“ ^ X vf\7Wj I X wi\/ xmj\ji,\r 

Ht Amagat, H. V. Regnault, K. Neumann, and pT Blaserna measured the devia- 
tions ffonj Boyle’s law e:^^ibited by this gas. E. 41 . Amagat’s resists are given 
in Table XXIII. The results are plotted in Fig. 40, where the inset rcmreseiits the 

Table XXIII. — E. Amao^t’-s Values eou the Pkoduct 

{pv — Unity 0^ and 1 Atm. Pre-ss.) 


50“ ^ 

• 

100° 

200° 

3oy° 

i*oa{7 

1*0021 

1*0009* 

.1*0003 

l*0C^5 

1*0(^8 

1*0025 

• 10015 

10145 

1*0087 

1*0040 

1 10020 


Ti'niperutiires. 


• 

0 ° * 10 ° 

20 " 

40 ° 

-• - 

• 00 ° 

80 ° 

’ 100 ° 

■ 

- 

137 ° 

IUH“ 


60 

0*1050 * 0*1146 

0*6800 

0*8600 

0*9840 

1*0960 

1*2065 

1*3800 



100 

0*2020 0*2130 

0*2285 

0*3090 

0*6610 

0*}?725 

0*9535 

1 * 2.590 

1*5820 

1*8470 

160 

0*2950 1 0*3090 

0*3260 

0*3770 

0*4850 

0*6805 

0*8780 

1*1585 

1*5295 

1*8180 

200 

0*3850 ; 0*4010 

0*4190 

0*4400 

0*5425 

0*6600 

0*8145 

1 * 0^60 

1*4960 

1*8040 

260 

0*4740 i 0*4900 

0*5100 

0*5580 

0*6250 

0*7135 

0*8355 

1 0810 

1*4870 

1*8060 

300 

0*6690 0*6775 

0*5985 

0*6485 

0*7100 

0*7900 

0*8900 

1*1080 

1*4935 

1*8200 

350 

0*6445 : 0*6640 

0*6850 

0*7635 

0*7980 

0*8725 

0*9615 

1*1565 

1*5210 

1*8465 

400 

0*7280 ‘ 0*7475 

0*7710 

0*8320 

0*8840 

0*9560 

1*0385 

1*2175 

1*6630 

1*8830 

460 

0 * 8090 ' 0*8310 

0*8650 

0*9075 

0*9690 

1*0400 

1*1190 

1*2880 

1*6160 

1*9280 

600 

0*8905 ' 0*9130 

0*9380 

0*9900 

1*0540 

1 * 12.50 

1*2005 

1*3620 

1*6775 

— 

650 

0*9700 ' 0*9935 

1*0200 

1*0740 

1*1370 

1*2085 ! 

1*2830 

1*4400 

1*7450 

— 

600 

l * 04 rf )5 i 1*0730 

1*0995 

1*1270 

1*2190 

1*1900 

1 1.3655 

1*5180 

; 1*8120 


• 660 

PW ) i 1*1530 

1*1800 

1*2376 

1*3010 

P 3725 

i 1 * 44 ^> 

1*5960 

1 1*8835 

1 - 

700 

l * Sja .56 i 1*2325 

1*2590 

1*3190 

1*3825 

1*4535 

1 1*5286 

1*6760 

; 1*9660 

i| 

760 

1*2815 1*3105 

1*3395 

1*4000 

1 *4640 

1*«335 

1 l *«100 

1*7565 

1 2*0330 


800 

1*3580 i f *3870 

1*4170 

1*4790 

1*5435 

1*6140 

, i » 68 aa 

1*8356 

1 2*1080 

] 

850 

1*4340 I 1*4626 

1*4935 

1*5570 

1 * 6;525 

1*6925 

i 1 * 76 ^ 

1 * 9150 , 

2*1860 

1 — 

900 

1**090 ! 1*6385 

1*5685 

1*6325 

1*6995 

1*7710 

1*8460 

1*9940 

, 2*2600 

! — 

960 

1*5830 ! 1*6115 

1*6430 

1*7065 

1*7745 

1 * 8^70 

• 1*9230 ; 

2*0720 

2*3350 

j — 

1000 

1*6660 1 1*6850 

1*7160 

1*7800 

1*8175 1 

1*9210 

1*9990 1 

2 * 0 J 20 

— 

' — 

^ - 

_ . .J . — 

- • 

• 

I 

• 


• 


• 




curves for values of p between 25 and 125 atm. on a magnified scale. It will be 
observecl that the value of pv at a given temp, falls to a minimiyn and then rises 
The press, p atm. at which pv reaches a minimum at different temp, arc 


0 “ 10 ° 

,36 46 


20 ° 

67 


40° 

101 


143 179 


211 


2f7 


108° 

*265 


258° 

.218 


These results mean that the compressibility reaches a maximum »nd thai diminishes 
again. The minimum, Fig. 46, at the higher press, is flatter and less abruflt. The 
curve at the highest temp, is not parallel to the abscissa-axis as would be the case if 
pv— constant. • F#om the inset of Fig, 46, it follows that b^low the critical temp, the 
press, remains constant for certain values of pv. This means that the gas has partly 
liquefied, and the vap.^ress. of the liquid at the given temp. 'is being measured. 
*The deviations from ’Boole’s Hw hav* been disewssed ly J. A. Siljeatrom, 
D.*I. AIendal6eff, P. Blaserna. T. Batuecas represented the deviation from 
Avogadro’s law by 1+A=1 *00706. F. G. Keyes discussed, the error in the 
measurenMfcnts pfcduced by the adsorption of cjkrbon dioxide by^he glass. A. Wohl,, 




W. H. Keesom measured the compressibility of mixtures of carbon dioxide and oxygen ; 
T. Andrews, of mixtures of carbpn dioxide and nitrogen ; A. Thiel and E. Schulte, R. Pictet, 
F. Braun, and A. Blumol|e, of mixtures of carbon dioxide and^ulphiu’ dioxide ; J. P. Kuendll^ 
of mixtures ^1* carbon dioxide andimethyl chloride ;«A. ThiM and E. »Schulte, of binary 
mixtures of carbon dioxide with ethyl chloride, nSethyl ether, ethyl ether, chlorine, or 
hydrogen sulphide ; and J. Dewar, of binary mixtures of carbon dioxide with bromine, 
Hydrogen chloride^ carbon disulphide, chloroform, methyl chloride, carbon tetrachloride, 
btmzene, acetylene, ether, camphor, nitrous oxide, and phosphorous trichloride — vide 
chemfbal properties of carbon dioxide. • • * * 

T. Andrews'einpiiasized the high compressibility of liquid carbon dioxide ; and 
f . Natt^rer said that it has a greater compressibility than that of any other liquid 
yet tried. €.*F. Jtukin «uvestigated the compressibility of liquid carbon dioxide ; 
and C. A. Parsons compressed the liquid one-feh of its vol. by a press, of 30 tons 
per sq. in. According to W. P. Bradley, A, W. Browne, and C. F. Hale, when a 
system containing both li^fuid and gaseous carbon dioxide betweem t6mp. of 29° and 
31'2° is subjected to proper mechanical vibration, a peculiar fog-offect is produced. 
This is due not to impurities in the gas, but to a’ change state in the liquid and^ 
vap. *pha8es, resulting respectively in th<p formation of ipinute bubbles and drops. 
The change of gtate is pAduced by alternate compre^ion and dilatatfbn effectedmy 
the vibrations of a. steel rod clamped to the press, jacket of the anparatus. JJnder 
^iven conditions of ^mp., press., leng/^h of mercury column, and relative ^’ol. of the 
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press., vibra^ons of a certain definite^pitch are required*in order to f^duce the fog 
effect. • k ^ 

The vapour predBure*of liquid carbon moxide has been measured by-M. Faraday, 
H. V. F^gnault, K. Mollier, E. H. Afnagat, T. Tate, P. Blasern^ L. P. Cailletet, 
H. du pois atid A. P. Wills, f. Villard and R. Jarry, J.* Verschaffelt, J^Zeleny 
R. H.#Smith, C. Antoine, A. Jaroliniek, etev Ife V. Regnauk represented his 
•results* at 8° between -25° and 45° by]® p - 5-6771989 - 2*565 1888a«>+26 
+ 0-6888035)3^+20^ log a -- 9-*9947089 ^ 10, amk log jS - 9*991^406 ~ 10. 

^0. Aptoine lAd the formula log p —0-81 18 (9* 2615— 1000(0 +263)~i)*; and 
A* Jafofimek, 0=63p'^-25— a-5p^i~154-5. F. Henflijig and A. Stock gave between 
10°and.-\81°,logp=-1279 1ir-HP751ogT-0-0020757T^-5-85242. F.G.Keyes 
and A. W. Kenney used p=12-0722-1496-7T^i~0-028453T+^0000364r2 ; 
and for the rate of change of mess, with temp., dp/dd=-p(3446-3r''2_|_p (XX)1676T 
— 0'065527)* F. G. Keyes and A. W. Kenney 45 ave: • * ^ ^ 

* - 50 ° - 40 ° - 30 ° - 20 ° -•] 0 ° 0 “ 10 ° * 20 “ 30 ° 

p . . 6-63 9-90 14 08 l9-40 26*07 34*28 44 31* 57*03 71*26 

(IpjdT . *0*2726 0*3660 0*4722 *01595 0*739 0*906 1 ^4 1*^63 1*624 

E. Mck represented the vap. press.,* p, of the liquid by lo^o 

+1-.75 logio T-0-03239T/4-571+317.. J. P. Kiicn^n and W. G. Robson’s values 

for the vap. press, of solid and liquid arc : » 


78 * 32 ° - 75 ° - 70 ° - 00 ° - * 5 ° 

p (solid) . 1*00 1*28 1*88 3*97 

p (liquid) , — - ■ 4*30 6*35 


-50’ 

-40“ 

-20° 

0“ 

6*60 


. 19*3 

34*3 


H. L. Callendar used logio p-=2- 7033+3- 157/0r in atm. of 760 mm. (latitudes 45°), 
which is the simplest possible formula ; A. Stock and co-workers used 
log p=-1279-lir-i+l-75 log 7’-0-0020757f 1 5-85242 between - 78° and - 1 10°. 
E. Falck represented the vap. i>ress., p, of the solid by logio p— “6000/4-5417’ 
+ 1-75 logio T--0-0099827’/4-541+317. J. Zehmy and R. H. Smith obtained 
for the vai 4 press, p cm. of the solid : * 

* • - 56 * 4 ° -. 57 ° - 60 ° - 70 ° - 80 ° - 00 ** - 100 ° - 120 ° - 134 ° 

p . 391 368*5 343 144 6rv7 2^1*8 11*9 1*4 9'1 


• , , 

H. K. Onnes and S. Weber measured the vap. press, of^barbon dioxide down to 
-183°, afid found the results in agreement with E. Falck’s formula. A. Stock 
recommended carbon dioxide as a liquid for tkermometers over the range - /3 
_]00°. R. Lorenz studied the theory of the subject. • 

The coefficient of therjnol expansion, a, at constant prt^ss. has bpen measured 
by G. Magnus, who found a ~ tv 0^)369087 b(dween 0° and 100 ; H. )?. Regnault, 
a=::0-00B710, and at constant vol., )3-=0’003688 between 0° and 100°. Values were 
also obtained by W. J.M. Rankine, P. von Jolly, T. Andrews, J. Moiifcier, E. Natansob', 
^.jCazin. V. Meyer, F. Roth, E. H. Amagat, etc. A. Jaquerod and F. L. Lerrot 
obtained at constant vol. between 1° and 1067°, ^—0*0036756 with the initial press. 
240 mm. at 0° ; and ^=0-0036713 with the initial press. 170 mra..at O**. G. Melander 
found at constant vol, at p mm. press. ? 

^ J • 


p . 18*1 

a . 0*0036753 


55*8 

0*0036641 


101*5 

0*0036667 


169*1 

0*0036701 


267 

0*0036803 


347 • • 749 

0*0036860 0*0037264 


A. Leduc gave (I-^-(X)3724 between 0° and 100° at constsftit press., and ^=0 003713 
at constant vol. ; or a^O'toSO at 0°, and j8=0 003725 at 0°. P. Chappius 
^ound for the coeff . of ^pansion, at constant press. : 




1 618 mm. 
99t> mm. 
1377 mm. 


0“ to 20“ 0° to 40“ b 0“ to 100“ 

00037128 0*0037100 0*003^073 

0*0037602 0*0037636 0*00374 10 

0*0037972 0*0037906 4)*0037703 
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^ • * 

E. H. Amagalfound at conitant picas., oX 10»to have at yatm. pieas.^nd between 
0° and 258°, the val^c^ indicated in Table XXIV. The thermal expansion of 

• • • * 

TABUd XXlV.r^CoKmciENTs OF ExPANSioj# OF €ar^n Dioxide at Different 

• • Temperatures and PREasuKlis. • ^ 

* _ • 



• 

• 

T 

• Temperatures. 

• • • 


• 

• 

• 


atm. 

" ' V 

V 

20" 

— -r- 

30" 40“ 

50“ ^«0“ , 70“ 80“ 

; 1 - -• 

• 

i \ 

100“ 

108“ 

- 

258“ 

^ f- 

76 

664 

884 

1 1437 7631 

7764 1 7487 1 7142 6821 

! 6524 

6281 

6490 47ti^J 

4290 

100 

644 

1 41^5 1 

877 1327 
483 629 

€867 1 3794 4074 1 4189 j 
697 1 682 ' 781 893 ' 

4183 

4137 1 

3933 '3420 

3128 

200 

416 

5 422 ! 

1000 

1115 

1349 1631 

1693 

600 

263 

u»267 1 

m 278 

292 305 ' 316 387 

337 

349 

387 449 

— 

1000 

175^ 181 

t 

183 If 18?) 

189'. 190 194 198^ 

• 

• 202 

206 

226* — 

• 



• • 

liquid cariion di^uidc is stated by J. H. Niiojann to be greater than that of any 
substance yet obsi^ved ; B. Sgliwalbe also emi>hasized the large coelf. of expansion. 
J. Dewar found that the coelf. of expamsioip of the liquid at the b.p. 0 002di^l) is 
very nearly live times the valfte of the coeli. of the solid between — 188° aiid#the 
b.p. K. d'Aiirlreelf found that if the vol. at 0° is unity, the vol. at —10° is 0'9517 ; 
at H 10°, 1*0585 ; and at 20°, 1*1457. J. Dewar gave 0*0005704 for the coeff. of 
expansion of solid carbon dioxide between —188° and the b.p. J. D. van der AVaals, 
R. Clausius, Scjiaines, A. Ritter, E. Sarrau, K. Langen, W. Schutt, A. Leduc, 
B. Leinweber, V. Njegovan, J. B. Goebel, V. Fischer, J. Daclaux, etc., have dis- 
cussed the equation of state of carbon dioxide. R. (.'lausius' and J. B. Goobers 
equations are respectively : 


_ 0'003()8sr _ 2-09:i5 ^ 0-003U847' 0*00917 

P -^,„0.000843 0*000977)’ ^ v-- 0*00329 (e- 0*00008)2 


J. D. van der Waals’ equation has Veen jireviously discussed : 



0*00891 
v'^ * 


)(y-6) = 1*00040 + 


T 

273 


The values fropi T. AnTlrews^ data are i(=()*(X)678 to 0*(X)717, 6=0*001807 to 
0 001908; from E. H. Amagat’s data, ft=0 00719, and 6- 0 (X)1912 ; Wl from 
J. Dewar’s data, a -dVOOOHT, and* 6^-0 001813. F. B. MacDougall’s calculations 
of the variations in*/ and 6 from E. H. Aniagat's data have been indicated (1. 13, 4^^ 
H. von Jup^t-ii'er fountfthc valueg of 6 are variabjj) wifli#temp. and internal press., 
and possibly also with the attraction of neighboliring mols. From E. H. Amagat’s 
data at 100° : * 


p . 60 100 .300 500 700 900 1000, 

V . 0*02413 0*01030 0*00297 0*002401 0*(K)2183 0*002051 •0*00l!)90 

6 . 0*00298 0*00276 0*00191 0*00172 0*00164 0 00169 0*00166 

. f . . ... * 

iji similar variation occurs with T. Andrews’ dataff The variations in the values of 
6 in the neighbourhood of the critical temp, arc considerable ; but F. Roth showed 
that ov^r 106 °, 6 is constant. 

The thermal conductivity of carbon dioxide has been measured by J. Stefan, 12 
A. Winkelmann, A. WulBier, L. Graetz, G. W. Todd, F. Soddv^and A. J. Berry, 
J. Jamin apd F. Richard, A. Oberbeck, F. Narr, A. Kundt and E. Warburg, etc. 
P. A. Eckerlein foUnd for the coeff. k cals, per mn. for 1°%0*0002546 at —78*5° 
0*0002824 at -50*5^ and 0*0003434 at 0°; A. Winktlmann found 0*0003Q7„at 
0 ° ; and A. Scbleiermacficr, 0 000327 at 0° and 0 006506 at lOO". fe Pauli found 
for the ratio ^lo/r/^o" 1‘418. S. Weber gave 3*393 xlO"^. ^E. Mallard and 
JH. le Chatelier studied the rate of cooling of carbon dioxide. ° 
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In 1797, ^ount Rumford dcscril^d etperiment#on ^he explosioy^f gunpowder 
in a cylinder with a capacity equal to the vol. of the cj^losive, aiuF fitted with a 
valye. He said : ^ ^ 

Whatfwas very remarkable in all tltcRe experiments, in wliich th% generated elastic 
vap. was completely confined, •was the small degree of expnn8i\^o force which tkis vap. 
^peareti to possess, after it has been suffered to remain a few minutes, or even only a few 
seconds, coflfined in the barrel ; for upon raising the weight by moanS of its lever, and 
suffering this vap. escape, instead of escaping a loud report it ruslipd out Vith a 
hissing no4Be, hardly s^ loud or so sharp ^s the report of a comimon air-gun, ainf its effects 
against the lea^r stopper, by which it assisted iit raising the weight, were so very feeble 
nof to bo sensible. 

M. Faraday takes this to mean that the carbon dioxide and other gases were 
condensed to the liquid stfff-c. In 1823, H. Davy saiif tha^ in attemptifig to li(]uefy 
carbon dioxide by a method ai^alogous to that which he employed fy hydrogen 
chloride, by*the action of sulphuric acid on anpnonium «'arl|pnate in a sealed tube, 
“ in tlm only trial I have made, the tube bun^t.” M. Faraday, how^v/fr, used the 
same reaction and condensed the gaft to a limjiid colourless li([uid. He said that 
much stronger tubes are needed fori'orbon dioxide than for otlnfr gases ^ireviously 
tried : • * 


Tubes which liave bold liquid carbon dioxide well ior two or tlireo weeks togolher, 
have, upon some incroa.se in Ibo warmtfi of Ibo weather, spontaneously exploded with 
great violence ; and the precautions of glass masks, goggles, ole., which at all times 
necessary in pursuing these experiments, are particularly so w'ith carbon dioxide. 

J. H. Niemann said that it is best to allow the acid to come in contact with tlie car- 
bonate very slowly because of the development of heat in the reacilion. G. Core closed 
the tube with a rubber 8to})per. A. Loir and C. Drion cooled the gas by evaporating 
liquid ammonia over sulphuric acid under reduced pre.ss., and found it liqu(‘ficd at 
ordinary press. In 1834-, M. Thilorier liquefied the gas by compression in a pair of 
cast-iron vessels, one of which was used for generating and the other for liquefying 
the gas. He relied on press, alone to produce liquefaction. Aecorjling to A. Ph'isrld, 
in 1835 one of the storing vessels used by M. Tjiilorier at the Eeole de Pharmacie, 
• expioded before tlie class, and, said J. von*Liebig, “ its fragments were scattered 
about witi#tbe most tremendou.s force ; it cut oil both the l(‘gs of the unfortiq.ifite 
operator, M. Hepvy, and the injury was followed by his dhath (i. 13, 25). Wrought- 
iron was then employed ; J. Marcska and E. Donny used Imd cylinders surrounded 
by coppeijackete. W. N. Hill, L. P. Oattlctet, A. Zirtimermaiin, H:'Gall, J. K. Mit- 
chell H. Debray, R. Addams, J. 0. Natt(‘rer, ha,ve also indicated processes for the 
liquefaction of the gas. A. Thiel described the filling of glasa tubes with liquid 
Mrbon dioxide.. Numerouf, systems have been devised ^or liquefying carbon 
dioxide, particularly since liquid 6*lir,bon dioxide is ^^tored and sold in thediquid form. 
The miidern compressors are usually of the multi-stagi^ type, in which the gas is 
compressed in a niimber of stages involving two, three, or four increases of prcsJi 
Since the tern]), of the gas is raised by compression, the gas is cooled by cold water 
’between •each stage. According to K. T. Stewart, and A. Lange, the cylinders in 
which the gas is stored arc not completely filled, a space is lijft for the liquid to 
expand, otherwise thcr6 is a risk of explosion. The presence of air also increases th(i 
risk of explosion, for one per cent, of air in the cylinder inqreasea,the press, by thre5 
per cent, under the most favourable conditions. * * 


J Bekrens R Mackenzie, F. Windhausen, H. Herljortif, P. Wiiiand, etc., have patents on 
the preparation of' the liquid; and 0. M, C. Heyl. A. Knd^p, W. Burstyn, A. MuUer, 
P Pagottet etc., have' discussed the holders for storing the liquid. There are a number of 
monographs on the subject: E. Luhmann, Die Kohlensdurr, Wien,. 1906; Die Fahnka- 
Hion (kr mesigen Kohlenmure, Berlin, 1904 ; J. C. Goosmann, The Varbontc Acid Industry, 
Chkago 1907 ’ O. Kausoh, Die Kohlem(iure, ihre Herstellvng ur^ Verwendung, Honriover, 
1909 * N W^iider, Die Kohlensdure Industrie-, Berlin, 1901 ; A. M. Villon, Lee emplois 
induJtrieU de Vacide carboniquf, Paris, 1892 ; T. Roller, Die Imprdgnirungstechnik, Wien. 
1896 ;*C. \ MitcH^ll, Mineral and Aerated Waters, London, 1916. ^ 



30 


^INORQ^NIC AND THEOIlE'i;iC4L CHEMISTRY 

M, Thilotffy found that^when liquid cirbon dioxide is placed in a veifeel provided 
with an openwig in the fcym of a blowpipe jcd; he was able to produc^local cooling 
effects, and he called the arrangemenjb a fialumeau defroid — a cold-blast blowj)ipe. 
By releasing ^he gas from press, ho olftained snow-like masses wliich he firs^ thought 
to be jctual snc^ foriyed by condensation iromHjierfnoisture of the air. It was 
afterwards found that the chilling of the escaping carbon dioxide is* so great 
some of it becoihes solid. J. K. Mitchell obtained the solid in a simillir ipaimer. 
L. Bleckrode recommended prcparV^ the s^lid from bomb* of* the liquid gas by 
the method employed bylH[. Landoli, etc. A cloth bag is ^ed^to tly. delivery valve 
of the bomb, and the solid cojlects in the bag when the delivery rube is* opened. 
This method is as effective and more simple than the of special ebonite or.mefal 
boxes — used by E. Ducretet^L. P. Cailletet, etc. — which are liable to. haPve their 
parts frozen^together and then cannot be quickly emptfed. C. R. Darling recom- 
mended making a flannel bag by rolling coarse flangiel round a stout tube or rod and 
tying up erne ^nd. The oflier end was fixed on to t^^nozzle of a cylinder of carbon 
dioxide. When the gas is turned o», a rod of solid carbon dioxide soon forfns, and 
can be casjly removed by undoing the bag or tutting it open. 0. Hergt, A. Wultze, 
and N. Teclu hayd also described the preparation of the solid. A. Loir and C. Drion 
obtained tlfe solicf at about 2 atm. prc'ss. by cooling carbon dioxide with liquid 
ammonia. • * , • 

H. V. Regnault gave — 7f75°to — 78-n>° for the boiling point of liquid calbon 
dioxide ; M.llerthelot, and B. Schwalbe, -78-2° ; C. 8. M. Pouillct, and P. Villard, 
-79® ; J. P. Kuenen and W. G. Rqbson, ™78-32® ; H. Erdmann, -78° at 760 mm! 
H. du Bois and A. P. Wills gave -79*2® ; F. G. Keyes and co-workers, -78'53° ; 
and J. Zcleny andiR. H, Smith, 78'2®. K. Scheel represented the effect of press , 
p mm., on the b.p. by: B.p.- -78'5 +0-01595(^- 760) -0‘000011(p - 760)2. For 
the melting point, J. K. Mitchell gave -65® ; M. Faraday, -75® ; P. Villard and 
R. Jarry, —56*7® at 5*1 atm. press. ; B. Schwalbe, — 57® at 5*3 atm. press., and 
-63*9® at 3*6 atm. press. ; and H. Erdmann, -57®. J. P. Kuenen and W. G. Robson 
found the m.p. is di8})laced 1® by 47*9 atm. press. G. Taminann measured the 
effect of press, on the m.p. ; and 1\ W. Bridgman found that the m.p. at one atm. 
press, is —56*6®, and for j)re8s. in V^nns. per sq. cm., the m.j). is • , 

• • 

Prose. . . 1000 2000 3000 4000 5000 0000 7000'* 12 000 

M.p. . . -'ivr -20-5° -5'+ 8'5° 21-2" 32-9'^ «44'0" 93*0° 

0-1071 0-0979 00890 0-0822 0-0755 0-053] 


The change of volume on fre<i:ing is represented by 8v. The results are plotted in 

Fig. 47. 

M. Farafjay pointed out that owing 
to the iiigh vj»p. press, of liquid carbon 
dioxiJe, it gives the paradoxical result 
that if the b.p. be defined as th*e temp, 
at which the vap. press, of the substance 
just balances that of the atmosphere, •tbe* 
b.p. of carbon dioxide is lower than its 
f.p. b 3 j about 22®. J. Johnston has 
drawn attention to the fact that at about 
5800 atm. press., the melting temp, of 
the solid is the same as the critical temp. 
• . _ of the liquid; at press^ higher than this, 

the solid sublimes or passes directly into the gas, and the curve represents the 
equilibriuift between the solid and gaseous carbon dioxide. There is no break in 
the curve at the critical ten^). of the liquid, above 31°, so*«that a mere change o^ 
press, will suffice to p%ss from the gas to .crystalline •solid. Thisi^suggests «the 
question : Can all gases at ordinary temp, be converted into solids by the mere 
application of a large enough press, without their assuming the liquid s^ate f Can 



Fig. 4f. — Tbe Effect of Pi-osaiire on the 
Melting Point of Carbon Diqxide. 




CARBON 


31 


water abov« its critical temp, be soli^ifieS by prea^ al^^ne ? Can be solidified 
at ordinary ffemp. by more compi^ession ? I ^ 

The triple pointy according to J. Zele^r and R. H. Smith, is -he-l” at 61 atm 

* press. ; J. P. Kuenen and W. G^ol^on gavl -56-2‘’ at 51 atm. j and P. Villard 

and R. Jarr^, —56" 7° at atm. According to . ' 

^J., d^ Bois and A. P. Wills, the value of dp/dT at the 

^ triple i^oinf is 5 5 atm. per degree. The triple point is 
represented in G. Tambiann’sequilibrmmdiagfftn, Fig. 

48, by the poi^Oi is the vaporization ^rve of ^ 

• the liquid ; Oiff is the sublinif^ion curve of the sol^d ; | 

and OiC represents the elftct of press, on the m.f). ^ 
being the boundary line ^the solid and liquid pha8e|. 

The portion O4C of the OjC-curve is dotted to show that • 

G. Tammann thought the solid 4o be in a metastable 

condition, with a transition pb^it O4. The solih stable * 
under Ordinary conditions was called Solid /,%n(l the 
second form was called Solid 11. Jiater G. Tammann 
showed that the alleged modificatifti? was due to a Dia- 

mal-okcrvation, P. W. Bridgman f.n.n.l no evidenfe 

of a Second solid phase at 25° and 67° for press, uj^to PidXKfkgrms. per sq. ern, 
The’diagram is also discussed by H. W. B. Roozeboom. 

T. Andrews found the critical temperature of carbon dioxide fh be 30-92° ; 
E. H. Amagat, 31-35° ; J. E. Verschaffelt, and L,P. Cailletet and co-workers, 31*1° ; 
E. Sarrau, 32-1° ; J. Chappius, 31*5° ; K. Wesendonck, 31-05° ; J. Dewar, 31-9° ; 
and E. Cardoso and R. Bell, 31° ± O' 10. Other observations htve been made by 
J. B. Hannay, D. Berthelot, J. Jamin, W. Ramsay, G. Owen and A. L. Hughes, 

H. Happel, W. H. Keesom, H. K. Onnes and G. H. Fabius, E. (’ardoso and R. Bell, 
etc. T. Andrews gave 73 to 77 atm. for the critical pressure ; W. H. Keesom, 
72 93 atm. ; E. H. Amagat, 72 9 atm. ; E. Sarrau and J. Dewar, 77'0 atm. ; and 
E. Cardoso and R. Bell, 72-85 + 0*10 atm. According to L. P. Cailletet, when a 
mixture of air and carbon dioxide is submitted to press., the liquefaction of the 

ifiarbon dij^ide is often greatly retarded. Thiis, a mixture of equal vols. of air 
and carbojj^ dioxide will support a press, of 4(X) atm. at ‘F without visible change. 
When, however;^5 vols. of carbon dioxide are mtxcd with 1 vol. of air, the former is 
easily liquefied. If the press, be then raised to 150 (Tr 2^) atm., the meniscus of 
liquefied g,cid, before concave and well-defined, grows fiat and indistinct, then it 
gradually becomes imperceptible, and the liquid alt length disappears altogether. 
The tube then appears as if filled with homogeneous matter, whigh resists all further 
pRss. as a liquid would. IJ'hen the press, is again sfowly ^liminished, the liquid 
suddenly reappears, at a press, which is constanl^for given temp. A dhick cloud 
appears in the tube, spreads, and vanishes as the liquid forms. The press, at which 
the liqifid carbon dioxide reappears are at 5-5°, 130 atm. ; at 10°, 124 atm. ; at 
13°, 120 atm.; at 18”, 113 atm.; at 19°, 110 atm. Carbon dioxide gas com- 
•preSsed lieyond 250 atm. is not bquefied at 21°. It might be supposed thai this 
disappearance of the liquid is apparent only, in consequence of the jsefractive index 
of compressed air increasing morj| rapidly than that of liquid carbon dioxide, so, 
that at the point where the two indices become e(iual, the sj^rface of thg liquid would’ 
cease to be visible ; but, in that case, the surface of separation should again be- 
come visible when the press, is further increased. This, however, does not occur, 
and it is inferred ^hat under high press, a gas and a liqijid are capable of soln. in 
each other, so as t(>form a homogeneous whole. T. Andrews’ value for the critical 
volume of carbon dioxide is 0*0066 and W. H. Keesom ’s 0 00443 ; and E. If. Amagat s 
^alue for the critical de*hsity is 0«464. Andrews g^ve 0 30^ E. Sarrau, 0 4595 ; 
J. Dewar, 0*6^; L. P. Caillet^ and E. Mathias, 0*46 ; W.oH. Keesom, 0*469 ; and 
H. K. Onnes and G. H. Fabius, 0*460. S. F. Pickering gave for the best repre- 
eentatfve values 61=31*1 ; p<.=72*9 atm. ; and j[)<.=0'460. E. E. Walker estimated 
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the mol. EBSMuition at thg crttical temf. t(|jbp ^'012; and iRTcIl^e^c^O'^h 
G. Bakker ^Iculatcd tl|p thickness of the capillary film between homogeneous 
phases of the liquid and vapour of carboy/ dioxide. 

I 

, - 30 “ - 10 '’ * 0 “ V 20’ • 

Ihiokiiefls . . •. 1-46 1*7 2-0 • ^’6 3-6 mql. layere 

(}. Anadell, J. 1). van der Waala, and J. Dewar measured the effect of hydrBgen chloriSe 
on the* eriticfiJ constants of carbon di^do ; J. Jamin, and J. E* Vefschaffelt, of* carbon 
dioxide arid hydrogen ; W.%H. Keesoim oxygen ;* T. Andrews, and K. Tsurutaf nitrogen ; 
J. Jarnui, and U. Lala, air ; A. Bluifcke, K. Pictet, and Caubet J dioxide 

{cf. 1. 4, 8) ; F, Caubet, nitrous oxi^v ; J. J’. Kiienon, and J. P. Kiienen ana W. G#B*>b8(W, 
ethane; J. Dcwai, and J. P. Kiienen, acetylene; L. T. iJailletet and P. Hautefeuille, 
cyanogen ; J. P. Kuenon, and F. (’aubot, rnethyl chloride ; and J. Dewar, ^ cJdproform, 
carbon dwilpkide, ether , be^zen^, and phosphorus trichloride vide chemical reactions of 
carbon dioxide. M. (^^ntnerszwer and M. Zoppi, and E. H. Biichner have studied the 
effect witli t numbo| of organic liquids. P. Kolinstwnrn and J. C. Reeders studied the 
condon8ati<^ {j^ienoinona witti mixture* of carbon dioxidgand urethane. 

' • . . • * * 

The heat of vaporization, aceordin}^ to J . ^'hajipuis,!^ is 56*2 cals, per gram at 0° 

and one aftn. presf. ; B. Schwalbe gave 50 75 (ftls. at b'fi®. E. Mathias gave iO'76 cals, 
at 6‘5°; 3l1!0cals.1it 22'04'^; awd I4‘4()cals. at 2D‘85'\ L. P. Cailletet, and E. Mathias 
gave ll'fiO cals, at 3#'’. The lu'at of vaporization, added E. Mathias, is zero «t the 
critical temp. C, F. Jenkin an^ 1). R. i’y(^ guve for the heat of vaporization, ^cals. 
per gram. • 

-50 --40“ —.30’ —21)” —10” 0” 10“ 20’ 

Q . . . 79-9 75-7 7P3 00-5 (iOO 64- 1 40-2 36*6 

J. P. Kuenon and G. Robson obtained 121 cals, at the b.p., 95‘3 cals, at —65*7^, 
56*0 cals, at 0°, and 86*1 cals, at the triple jioint. U. Behn obtained 142*4 cals, 
at the b.p. ; P. A. Favre and J. T. Silberinann, 142*2 cals. ; and J. Zeleny 
and R. H. Smith, 140 cals. R. Mollier, E. Aries, and K. Langcn calculated values 
for the latent heat of vaporization. L. P. Oailletet gave for the lu'at of vaporiza- 
tion, Q, of liquid carbon dioxide at between —25'" and 31°, Q— 118*485(31-0) 
-0*4707(31-0)2. E. Falck gav* (?-(4970d-3*5r- 0*03239r2)(l-;^p,), where 
pc denotes the critical press., and* p the vap. jin'ss. of the liquid sat .T° Kf* 
(/. F. Jenkin and D. R.^Fy« gave log.,, Q - I’l 164d-0*4115 logio'*(3 1*5-0). 

F. G. Keyes and A. ,W. ivennev represented the obs<fved data by 
logic g-l*2960-h0*222io logic (?’r ~2H 0054903 and dQ/dT 
~—(?j 0*2222+0*11 logic {Tc~T)\(Tr~T)~ The heats of cvaporatic^ in cals, 
per gram ; the external work of e.«;aporation pii'i—ih) > Ibe internal energy 
of evaporation ar^ given m Table XXV. G. Dieterici also studied the in^ 
latent heat of evaporUtion. P. A. Favre gave 0*3128 •c^l. per gram for the heat^ 

Tablk XXV. — Thermodynamic Prockrties of (’arbon Dioxide. • 
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fnsioii, and ^38' 7 cals, for the latent keat of sablimati6n. P. W. Z$Adgman gave 
for the latent heat of fusion in kilogram^lories per gram^^jth the press, in kgrms. 

^ per^sq. cm. : • # • ^ • 

Press. . • . . 3000^ 6000 OOOq 7000 - 12,000 

Latent ht. • • • . 19-92 20 17 21-39 21-77 21 90 22 64 

• • • • • 

► E. Falck represented the heat of sublimation, Q, by 0=— jOOOO-fS'SP 
—0’009933T2)(l—p/^), where pc derfbtes the^ritical piess., and pth» sublima- 
tion press. at^^’° ij. Behn gave 142'4^cals. for the heat of sublimation. 

•J* P.*Huenen and W. G. ^oheon gave 129*9 calft^for the heat of sublimation, 
43*8 c&ls. for the heat of fusion. The heat of sublimation at the b.p. is 121 cals., 
and this iifcreases with riie of temp. W. Nernst •gave 3*2 for t!ie chemical 
constant ; E. Falck gave 317 ; and F. G. Henglein, --0*41. 

In 1835, Jd. Thilorier showSd that a mixture of liq^iid or iolid carSon dioxide 
with ejher evaporated rapicflf and produced *a temp, of —100°. means of 
Thilorier s freezing mixture, M. Faraday obtaine*d a temp, of —110°. L. P. Cailletet 
and E. Colardeaii obtained —82° at^cudinary press, with a mixtiwe of carbon and 
nitrogen aioxides; and with methyl chloride, —82° at ordinary pftss., a»d —106° in 
vacu^; P. Villard and R. Jarry studied the mixture with , 

methyl chloride. H. Moissan found .that solid cfrbon 
dioxide with ethyl or methyl alcohol gives a temp, of 
—85° ; with methyl chloride or acetaldehyde, —90° ; with 
ethyl acetate, —95° ; and with acetone, — 110°.» A. Wohl 
and M. S. Losanitsch obtained —86° with acetone, and g 
—87° with aldehyde ; and P. Villard and R. Jarry obtained ^ 
no lowering of the temp, with mixtures of carbon dioxide 5 
and toluene. The theory of the phenomenon in the light S | 
of the phase rule has been discussed by H. W. B. Rooze- A 
boom. In Fig. 49, I (78°) represents the sublimation 
point of solid carbon dioxide at one atm. press. ; F repre- 
sents the l^.p. of the alcohol ; EDF, the b.p« curve of E 

• Ihe mixtufe ; EOF, the vap. curve ; and E, the b.p. of^ 
undercooW liquid carbon dioxide not experimentally 
realizable. Theji.p., C, of the sat. soln. is alwa^^s between 49— Freezin Mix 
the boiling and sublimation temp, of the carbon dioxide. • tures^f Solid (Jarboa 

If the b.p» E and F are very far apart, the vap. ^urvc Dioxide and Alcohol. 

ECF^ is very steep, and it cuts the sublimation dcurJe IC 

very close to thejsarbon dioxide axis. Hence, the b.p, of the three-phase system 
stJlld carbon dioxide, alcohol and vap., is at A, —80°, net*- to the sublimation 
temp, of solid carbon dioxide. vap. curves 8f mixtures of carbon dioxide 
with ot^jer substances are not very well known, so that the hypothesis cannot be 
well tested. • • 

The ratio of the two specific heats of carbon dioxide was determined by H. 
who foun^ 1*277 ; A. Cazin obtained 1*291 ; A, Masson, 1*277 ; W. C. Rontgen, 
1*3052 (19°) ; P. A. MUller, 1*2653 between 9*4° and 33*7° and. 27*82-75*89 mm. ; 
0. Lummer and E. Pringsheim, ^*296 (4°-ll°) ; J. W. Low, 1*291 (12*-20°) ;• 
E. H. Amagat, 1*292 ; T. Martini, 1*345 at 0° ; J. Jamin and JF. Richard, 1*29 ; 
G. de Lucchi, 1*292 (20°-25°) ; J. W. Capstick, 1*308 (20°) ; G. Maneuvrfer and 

J. Fournier, 1*299 ; W. Makower gave 1*307 ; A. Kundt, 1*303 (16°) ; 0. Bucken- 
dahl, 1*2990 at 0°, *nd 1*2899 at 1080° ; H. B. Dixon and «o-workers, from 1*296 at 
0° to 1*230 at 600° ;* J. R. Partington, 1*3022 at 17° ; R. Thibaut gave 1*303 (15°) ; 

K. Scholer, 1*303 (20°) ; jJ. Schweikert, 1*301 (0°) ; J. R. Partington and H. J. Cant, 
f*303 (20°) ; and B. T&n^u, l*3flS5 ± 0*00032 at 0°, and H. W. Moody, 1*3008 at 
20° iLnd 760 nm!. The ratio of lihe sp. hts. decreases with risftg temp., and increases 
with rising press., so that the two effects work one against the other. A. Wfillner 
gave fsiUat 0°,*and 1*282 at 100° ; fi. I^c, 1*319 at 0° %nd 1*283 at 100° ; . 
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J. M. Crofts |Sve 1-254 tetween 15” and 53 ^, l-25'3 (16°-545”), 1-25/ (16''^57”), 
and 1-251 (15°-570°) R. Fnrstenau g^e 1-2506 at 484-6°, and 13008 at room 
temp. R. TMbaut gave 1-300 at 15°jana 1 atm. press. ; sod 1*279 at 20 ° and one- ^ 
third atm. press.* E. H. Amagat obtained at W,*r705 at 50 atm., 1*903 atfOO atm., 
and 2*S27 at 70 atm. fress. According to E. H? Amagat, the ratio of ^he two 
sp. hts. increases with rise of^ress. at constant temp., and decreases vjith rise 9i 
temp, at constant press. A. G. Worthing found at 7*78 ajm. ^ress. the fatio is • 
1*338 at 0*2", 1*310 at 31^, 1*296 aJhO®, and 1*256 at 98^°^ and at 36*52 atm. 
press., 4*702 at 0*2", 1*499 at 31", 1*448 at 50", and 1*327 at 08*5|, B. Beckman^ 
found for the ratio, y, of the t^S sp. hts. at press, p Am.^ at 15°: ^ t 

p .... 760 392 244 149 100 , • 76 

7 . . ♦l-3d46 1'301 1*298 •1*296 1*303 1*302 

W. Ktlppef obtained y=l‘300, and when exposfd to X-rays, y= 1*320, and to 
ultra-viole4 light, y= 1*322. • •* 

F. Cl(?.meiTb and J. B. Di'^sormes fdlind for the sp. ht. of carbon dioxide at constant 
press., 0‘J4 ; F*jle la Roche and J. E. fierard, 0*2210 ; J. Apjohn, 0*2094 ; 
A. C. G. Suprraan*, 0*2124 ; H. N. Mercer, t)*^000 ; A. de la Rive and f . Marcet, 
0*1751 ; and H. V. Jlegnault,* 0*2164 when referred to equal weights, and 0*3308 
when referred to equal vols.# H. V. Re^nault, H. B. Dixon, E. Wiedemann, 
W. D. Womersley, etc., observed that the sp. ht. increases with rise of t&mp. 
H. V. Regnault gave 0*1870 at 0" and 0*2145 at 100" ; and E. Wiedemann gave 
0*1952 at 0° and 0*2169 at 100°. H, V. Regnault’s data, recalculated by 
H. F. Weber, referred to equal weights of water, gave 0*1383 between —28" and 
-1-7" ; 0*1565, bet\^en 15° and 99° ; and 0*1813 between 12° and 214". E. Wiede- 
mann found 01952 at 0°, 0*2169 at 100°, and 0*2387 at 200". K. Scheel and 
W. Reuse gave 0*183 at -78°, and 0*202 at -20° ; W. F. G. Swann, 0*202 at 20°, 
and 0 221 at 100° ; L. Holborn and L. Austin, 0*2486 between 20° and 80°, 0*2306 
between 20° and 440°, 0*2423 between 20° and 630° ; L. Holborn and F. Henning 
found at 0°, 0*201, and the following values between 0° and d°, and at d°, ce : 

0 . . . 200*’ 400° 600° 800° 1000° 1200° 1408° 1600° 

Sp. ht. . . 0*216 0*228 0*239 0*249 0*257 0*264 0*27(^ 0*27# t 

Sp. Ijt. . . 0*229 * 0*262 0*271 0*286 0*295 0*301 0*30^ 0*300 

• • 

and he represented the results between 0 ° and d° by =0*2^10+0* 000074 20 
— OO 7 I 802 ; or,, according to L. Holbein and L. Austin, the sp. ht. at 0 is 
Cj,=O'2O28-|-O‘OO13840— 0 * 075 $ 2 . T. Martini gave for the molecular hea(t CY=7*89 
at 0°. For the mean mol. hetft between 0 ° and 0°, H. V. Regnault gave 
Cp—8*28-f 0*005960 ; E. Wiedemann, 8 * 56 -f 0*0050380 ; L. Holborn and L. Austijj, 
8*92-f 0*003040— O*O7f902 ; and, L. Holborn a^jd P. .Henning, 8*85-f 0*003270 
— 0 * 077902 . For the true mol. heat at 0°, H. V. Regiiault’s formula becomes 
8*28+0*011920; E. Wiedemann’s, 8*56+0*0100760; L. Holborn and L# Austin, 
8 * 92 +O'OO 6 O 80 -^O*O 52202 ; and L. Holborn and F. Henning, 8*85+0*006530 
- 0 * 062402 . R. Tbibaut gave Cp=8*77 at 15°; K. Scholer, 8*76, at ^0° ; 

G. Schweikert^ 8*85 at 0 ° ; and J. R. Partington and H. J. Cant, 8*76 at 20°. 
G. N. ![jewi 8 and M'. Randall gave for the mol. ht. of carbon dioxide between 0 ° and 
"2000°, Op=7*0+0*007ir-0*00000186T2. M. •Trautz gave Gp=8*91+0*0065T; 
and W!,'Saunders, lor the best representative value, Cp=7*34+0*003397r 
"— 0‘0^610T2, For the increase in the sp. ht. with rise of press., S. Lussana 
gave 0*201 at one atm., and 0‘267 at 30 atm. C. de la Condamine^ and V. Fischer 
calculated values for tho*^ sp. hts. at constant vol. and constanj^ress. 

H. V. Regnault found the sp. ht. of carbon dioxide*at constant vol. to be 0*1843 
between —28° and +17°, 0*2025 between 15° aqd 99°, andj[)*2169 between 12° an(J 
214® L. Holborn iind F. Henning gavh for the mol. ht. at constant vol. 8*415 ; 
f. Keutel, C.=6-69 ; R. Scholer, 6-72 ( 20 °) ; R. Thibaut, 6-73 ; G. Schwei- 

kert, 6*80 (0°) ; J. R. Partington and H, J. Cant, 6*72 ( 20 °)^ M. Trautz and 
^0. Grosskinsky, 6 *M 6 (15°), 6*925 (48°), and 6*932 (20°); R. Fttrstenah, 7*0, and 
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J. Joly, 7*i. A. Winkelmann gav%for*the ratio*Cxflo/Co=ri72^ jH. F. Weber 
said that prks. has very little ipjuence on the sp. ht., b|t J. Joly found the sp. ht. 
ri^s with increa^ng press, more rapWly with carbon 'dioxide Jhan with air. 

^ H. B. ©ixon and F. W. Rixon fyund the sp.* ht. of carbon dioxide at constant vol. 
to rise gradu|illy with the t(ftip., while variations of press. Jiave but little ijifluence. 
ffhey dbtamed the following values for c,, reduced to \ press, of 100 atm. : 

‘ • •l6V15“ ITO’-llS” • 17'5“ 2r-208“^ 2r-39S° 

c, . • . . 0-^0(y 0-20t)4 ** 0*2092 • 0*2884 • 0*3566 

* J. Crofts ‘Stained 7‘815 between 15° and 53^°, 7*847 between 15° and 645°, 

7*878 between 15° and 5?7°, and 7*909 between f^° and 570°. E. Mallard and 
H. le Chatelier represent<^ their results by Cp=6*5^0*00387 T ; H. le Chatelier, 
by C,;=6*5+O*OO3870 ; and C, .=6*3-f 0*0060 -0*05n8l9^ K. Langen, by 

C,-=6*7+0.0026r; M. Pier, •by C„-:6*800-f0*0033r-0*tl595T2H»0*0JT3, at 
temp, between 0° and T°. Tlhe relation dedifced by J*. M. Crofts fron^j. N. Lewis 
and. 1®. Randall’s values is C„=5 0-|-0 007iy— 0*00000186r^. F. <4. Keyes and 

A. W. Kenney gave Cy—O* 1547 -f(fOOO15950— 0*079502 cals, n^r gryn at 15°, 
Other values were given by F. Keh^bl, W. A. D. Rudge, A. wJllner^R. Tbrelfall, 
H. Yalerius, R. Geipert, M. Trautz and B. Berneis*W. D. Womersley, R. T. Glaze- 
brook, C. F. Jenkin and D. R. Pye, I. B. Zo(ji, M. Tratilz and K. Hebbel, 
H.'N. Mercer, etc. 

C. F. Jenkin and D. R. Pye found the sp. ht. of the liquid carboh dioxide to be 
0*551 at 0°, 0*523 at —20°, and 0*480 at —40°,; C. Dieterici gave 0*50 at 0° ; and 
F. G. Keyes and A, W. Kenney calculated 0*543 at 0° and —20°, and 0*544 at —40°. 

B. Schwalbe found the sp, ht. of the liquid to be C;,=0*2164.* A. Berndt showed 
that at constant vol. the sp. hts. of liquid and vap. between —5° and 25° are 
the same. A. Eucken found the sp. ht. of solid carbon dioxide to be 1*08 at —253*6°, 
and 13*38 at— 73*5°. C. F. Jenkin and D. N. Shorthose measured the total heat 
in liquid carbon dioxide. J. Kapp measured the sp. ht. of binary mixtures of carbon 
dioxide with oxygen, and argon; M, Berthelot and P. Vieille, of carbon dioxide 
with oxygen, and nitrogen ; and J. M. Crofts, of carbon dioxide with electrolytic gas. 

I • The l^at of formation of carbon dioxide has been discussed in connection with 
carbon. JDeterrninations have been made by P. A. Favfc and J. T. Silbermann,!® 
M. Berthelot, .J. Thomsen, H. W, Schroder v«m der Kolk, etc. M. Berthelot gave 
(C, 2(3)=94 Cals. (CO, 0)-=66*81 to 68*28 Cals., an^ (CO, 0, aq.)=72’69 Cals. ; 
while J.^homsen gave with amorphous carbon (C, €0)=96*96 Cals., (CO, 0)— 66*8 
Cals., and (CO, 0, aq.)~72*69 Cals., all at constant pfess. P. A. Favre and J. T. Sil- 
bermann gave for (C, 20) at constant press, with wood charco|l 96*98 Cals. *, sugar 
"Charcoal, 96*53 Cals. ; graphite, 93*36 Cals. ; and the diaipond, 93*24-94*55 Cals. 
M. Berthelot and P. Petif gave f«r,diamond carbon (C, 20)=94*3 Cate.* for graphite 
carbon^ 94*8 Cals., and for amorphous carbon, 97*65 Cals., all at constant vol. 
V. Njegovan, R. C. Tolman and R. M. Badger calculated the ^ntropy of carbpn 
dioxide; and H. von Juptner, the free energy, F, of the reaction C+02=C02; 

* wfien jofand respectively denote the partial press, of oxygen and carbon dioxide, 

F=98369*9~54*06r-f6-3ir log T-0*00064r2-f4*56r log (pi/pj). W, SchUtt, 
A. Eucken and co-workers, and K. Langen have discussed the internal energy, 
and the entropy of carbon dioxiae. K. Langen calculated a heat-eptjopy diagram 
down to —50°. J. Thomsen found the heat of solution of a mol of carbon 
dioxide in 1500 mols. of water to be 5*880 Cals., ^nd for the heat of neutraliza- 
tion of a mob of aq. carbonic acid with n mols of sodium hydroxide, H 2 C 03 aq. 
+wNaOH : • • 

n ..#... 1 2 4 * 

Heat of neutral^tion * . 11# €02 • 204 Cals. • 

’ ✓ • • 

P. A. Favre and C. A.Valson gave for the dil. soln. Na20aq.-|-C02—Na2C08aq.-f 26*88 

Cals.*; aad N. BeketofE gave 75*28 Cals, for the same reaction. M. Berthelot 

• • • 
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found for (iC(^aq., Cals, with » soln. of 1*25 grms. of carbon dioxide 

in a litre, or o^ eq. of thefialt in 20 litres ; and P« A. Favre and C. A. Valson gave 
16*946 Cals, fo^ the same reaction in dil. sofii. . * • 

E. Mulder found that a small proportion pf carbon dioxide enhan<!;es the 
luminosky of the Same af coal gas ; but P. F. FranklsAid found that [arge propor- 
tions act in the opposite direc;tion, for 60 per cent, of carbon dioxide com^latelp 
destroys the luminosity of the flam§ of ethylene. A. Bunte, G. ,Frere, I'. Glowes 
and co-wojkeJs have stucl^ed this subject. E. Rosetti gave* for the couibustion 
temp, of mixtures of one vol. of coal gis with n vols. of carboifdibxidY^ 

■ 0-.5#* 0-67 10 • • 1'5 2 0 . 3 0* 

Temp, of combustion . 1190'' 1170“ 1100“ 1020“ 880“ # 780“ 


The index of refraction of carbon dioxide, without spectral resolution, has been 
measured b/many (Aservei^. J. B. Biot and F. f. Arago gave ^=^*0004497 • 

P. L Dulong, 4*0004495 ; J. Jamin,* 1*0004500 ; W.tRamsay and M. W. Trpvers,’ 
1*0004488. Ofhe^ observations have "been ma^e by M. Croullebois, L. Boltzmann 
. X n F. Mohr, J. A. Waaastjerna, L. Bleekrode, J. Klemencic! 

etc. G. W . W^alker obtained for Na-light, 1*000451. For light A=535*2ua, E. Ketteler 
A=:{)70-8/LtM, P0004477 ; E. Mascart, for A=480*0uiLt 
l*0004587,andfor A..643'8pp, lt0004532; E. Pprreau,for A==:467*7pp, 1*0004550,81(1 
10004487 ; H. C. Rentschler, for A=334*2pp, 1*0004668, and\r 
1 '0004487 ; J. Koch, for A=435*9pp, 1*0004563, and for Ar:r 8678* 4aLt, 
A=<:435*9pp, 1*0004589, and for A^670*8pu, 
Gruschke, A=447*2pp, 1*0004568, and for A=667*8pu, 

1 0W4475. J. Kocfl found a marked anomaly in the ultra-red. M. Faraday, 

B. Schwalbe, and J. H. Niemann commtmted on the high refractivitv of liquid 
carbon dioxide. L. Bleekrode found the index of refraction of liquid carbon dioxide 
P^*‘^*cularly in the vicinity of the critical temp., being 
1* 99 at 12_5 1*192 at 15^5M*186 at 18*5°, and 1*173 at 24°. The crystals of the 
solid, said P. Villard and R. Jarry, have no action on polarized light. J. Chappius 
and C. Kivierc gave for the effect (jf press, p mm. up to 19 atm. at 2L° for the 
^-line, fi-l-0*000540p(l+0*0076p^0*0000050p2). V. Posejpal also! studied ^ ' 
the efect of reduced press, on the index of refraction. It was found thati the laws 
(p~l)//)-_con8tant, and constant hold good fey press, up to 

19 atm. P. PhiHips ga.«y-f2)/(p2_i)^6*58H0*1130D2. The dispersion has 
been measured V E. MascaH, M. Crotillebois, etc. The last-named found 
f xi^ ^ /^(;--^lc=^l’000115; and for (iiio-Mc)/(/Xij-l)=^0*2214 

L Ji. Biertsema andM, de IJaas found the dispersion constants are independent 
of press between 20 and 47 atm. H. Becquerel found the magnetic rotatory power 
for Na-light Co be 12*18 ; and thb ratio or the vafhe for carbon dioxide to that of 
carbon disulphide to be 0 000302. T. M. Lowry found the index of refraction and 
sp. inductive capacity agree with the assumption that the molecule is not internally 
lonizec}. P. Gian found the optical properties of reflecting surfaces are not affected 
by carbon dioxide. J. W. Briihl gave for the molecular redaction, at 15*b° 6*38 * 
for the bquid afad 6*47 for the gas. The scattering o! light in carbon dioxide has 
^en discussed by M. Raman, and C. V. Raman^and K. S. Rao, A. S. Ganesan 
V , ^^manathaq, and. by Lord Rayleigh. The electromagmetic rotation or 
Verdet s vionseant, co, is, according to L. H. Siertsema, o>x 106=2’682A-i-|-0*8305A~3 
at 6*5® and at atm. press, when the wave-length, A, is expressed in u. The 
electromagnetic birefringence was studied by R. de Mallemann, aad*N. Lyon. 

The spitfk spectrum of carbon dioxide has been discussed iif connection with 
carbon. Observations have been made by E. F. Barker, 21 A WUllner K Wesen 
donck, H. Deslandres snd L. diAzambuja, G. Gehlhftff, W. H. Bair, W. W. Coblentz * 
^ P^hen, K. J. Angsttom, A. Hagenbach, F. Himstedt and H. \%n Decheifti, 
V^H. Bair, etc. Carbon dioxide is a colourless gas, and it shows no viable 
ftpsorption speotrun^ In the ultra-red, there is a band with maiHimumtintensity 
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corrraponding with wave-length 4' 76/f. The nltta-nd alntshm spe^i^om of carbon 
dioxide at a press, of 0 6 mm.? by \V\ W. Coblentz, is* illustrated in Fig. 50, 
which can be cornered* with Fig. 35, for carbon * 

monoxMe. He added that tj|e “ ^ea^r intensity 
of the.band with carbon mono’xide would make 
ft appear as though the 4‘75/z band were due to 
this gds.” The atm. «hows the same absorpU^ ? 
bands ; ^ doe's the fj^irfs in which carton dioxide '§ 
is a^ product»V>f the combustion. J. Okubo ^ 
showed* that the nearer idtr#-red spectrum of w j H 

carbo*n^ioxide comprises intense bands at 2 71/x frdve-LengCn 

and 2’77/a, and a somewhat weaker band at Fio. *50.— Ultra-re^ Emission 

2’61/a. There are a number oi feebler bands Spectrum Carbon#Dioxide. 

with various maxima betwegn 3’ 02/a and 2‘29/*. • ^ ^ 

R. Schachenmeier made observations on the^ ultra-red spectrum carbonates ; 
and A. Balandin, and H. M. Randallfon the ultra-red spectrum orf carbon dioxide. 

F. Paschsn found that the effect ofwt«mp. on tlicse bands is suSh that*tho maxi- ( 

mum is displaced 4‘270/a at 17° ; at 600°, 4‘344/* ; at lOOO* 4‘38S/a ; and at 
1900°, 4'403/a. There is also a band with a maximum 2'4)/a in the ultra-red. 

H. Rubins and A. Aschkinass found a third absorption band with a maximum at 
14'7/a. According to H. N. Kreusler, and V. Schumann, there is a faint absorption 
for ultra-violet rays more refrangible than 200/a/a. W. H. Miller showed that the 
gas is transparent to the actinic rays. C. Schafer studied the effect of press, on the 
ultra-violet spectrum of carbon dioxide. • 

The absorption of heat rays has been investigated by K. J. Angstrom, W. Barrett, 

H. Heine, J. E. Keeler, E. Lecher, E. von Bahr, W. C. Rontgen, J. Tyndall, etc. 

The selective absorption of the heat rays represents the power possessed by carbon 
dioxide of hindering terrestrial radiations, and, by blanketing the earth, helps to avert 
excessive changes of temp. This question has been discussed by S. Arrhenius. He 
tried to picture the effect of a change in the proportion of carbon dioxide in the atm. 
on the surface temp, of the earth. The temp, of t^ie earth’s surface was assumed to be 
' tn equilibAum with that of the atm. ; if by any incrca8e»in the amount of carbon 
dioxide thf atm. retained more heat than beforq, it would radiate more heat t(f the 
surface of the efrth. The surface temp, would then rke ^til equilibrium between 
the two occurred. The rise was as8umed,to be governed by the radiation law, and 
hence it wfs estimated that if the carbon dioxide is inerted 2'5 to 3’0 times its present 
value, the temp, in the Arctic regions would rise*8° to 9°, and produce a climate as 
as that of the Eocene Period ; a decrease of 0'55 tcf 0'62 tim*es its present value 
would cause a fall of 4° to aJid p^duce a glacial p^iod. F. F?ech, and»C^F. Tolman 
support S. Arrhenius’ views. E. Rayser, and C. G. Abbot and F. E. Fowle hold 
that th» carbon dioxide in the atm. cannot absorb more than 16 per cent, of the 
terrestrial radiations ; that variations in its amount are of small Effect ; and that 
J:he4)ropq/1;ion of aq. vap. in the atm. is so large as to make the climatic significance 
negligible. The principal absorbent of terrestrial radiation is aq. vap» 

R. K. McClung,22 and J. A. Crowther studied the ionization of ca^on diojide by 
hard and soft X-rays ; P. Lenard, t)y cathode rays ; T. H. Laby, R. A^Millikan and* 
co-workers, and E. P. Metcalfe, by the a-rays from uranium, etc. • R.*JJ. KJeeman, 
and T. H. Laby and G. W. C. Kaye, by y-rays ; and R. D. Kleeman, and R. J. Strutt, 
by Becqnerei’s rays, P. L. Kapitza measured the 7oss of energy by an a-particle 
passing through (Ajbon dioxide ; A. Lepape, the effect bf carbon dioxide on the 
ipnization current produced *by a-rays ; F. Hauer, the ionization by arrays ; and 
p. W. Burbidge, the ab^trption of X-rays. H. Baerwald, and A. Becker measured 
the absorption of cathodew rays oy carbdh dioxide. *H. ^ick^ndraht studied^ the 
action of carb6n dioxide on th% fluorescence of sodium vap. The chemical enwts 
of ultja- violet ri^s and radium radiations are indicated below. J. Elster and 
H. Geitel fbund tnat natural carbon dioxide fnom deep soils is radioactive. • 
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0. Gehlbo)[^i hand tl^t the cathode fall St potential when an electric discharge 
passes through carbon dioxide is not thojhum of*the separate values for the com- 
ponent atoms* He eliminated the effects due to the detflompibsing action of the c 
discharge on thS gas—jinde infra. F. Narr, C.* RicJ^ter, A. Becker, an^ C. E. 
and H. Guye studied the effect of carbon dioxide on the discharge from an 
influence machinh. According to A. Becker, mercury iii contact with c^rbo^ 
dioxide take* on a positive charg^. E. Dycretet, L. Bleekrode, L. P. C^illetet, ' 

' and B. Schwalbe found ^,hat whem solid carbon dioxide |is inadt^by p&ssing the 
gas intb a bag or ebonite vesjel both the receiver and the soli(f<carbon djoxide , 
are charged negatively, whil« the escaping gas is^chfrged positively. Sinylarly, 

J. Joly found that a jet of gas from a copper bomb gives off elecfric^ sparks. 

6. Hausknecht said that^the^best electrical effects are Obtained if the gas is quite 
free from air, M. Fjiraday, and K. Wesendonck sgid that it is doubtful if the gas 
alone, quitg fi^.c from dust And moiskire, would develop an electric char^ by friction 
against meta4. J. Elster and H. Qeitel showed tSat the so-called electricity of 
flames is but a fecial case of the more general positive electrification of gases in 
contact with incafji^lescent bodies (3. 26, 1). •A. L. Hughes and A. A. Dixon gave 
10 volts for the ionizing potential ; C. A. Mackay, U'3 volts ; and K. T. Compton, 
6'47-8-2 volts. H. E’ Hurst studied the discharge potentid of carbon dioxide ; 
and C. E. Guye and co-workers worked with*the gas under press. ; C. E. Guyewand 
R. Rudy als(f investigated the electromagnetic rotation of the gas ; and J. Kunx, 
the press, in the corona discharge. ’ 

E. Becquerel,2i and E. Villari found the electrical resistance of carbon dioxide 
at a red heat to be 1*2 to 2-0 times that of air. G. Gore, L. P. Caillotet, and L. Bleek- 
rode found liquid carbon dioxide to be a very poor conductor of electricity. The 
electrical conductivity of aq. soln. of carbon dioxide has been measured by 
E. Pfeiffer, 25 p. Kolilrausch, F. W. Knox, J. Walker and W. Cormack, etc. Aq. 
soln. of carbon dioxide have the properties of an add—mde infra, action of water 
on carbon dioxide. It is therefore inferred that carbon dioxide is carbonic anhydride, 
and that the aq. soln. contains carbonic acid, HoCOg. This acid has not been isolated 
because it so readily decomposes fnto water and gaseous carbon dioxide. When 
the aq. soln., coloured red by litmus, is boiled, the gas escapes, and the soft, acquires *' 
the neutral tint. According to th^ ionic theory, the acidity of the solif is due to 
the presence^ of H--ioi\g drived from the ionization of carbon!b acid : H2CO3 
5=iH -f-HCOs'. *If ^ denotes the vol. of the «oln. in litres containing a mol. of carbonic 
acid, and a be the proportion tof acid ionized, then, • 


1— (i. 




or A',-- , 




where Aj represents the ionization constant in HgCOa^H -f-HCOs' The subject 
<ia8 been discussad by A. Thiel, R. Strohecker, 0. Haehnel, E. Wilke, and t VuLh. 
J. Kendall measured the sp. conductivity of wate.r in equilibrium with the carbon 
dioxide oj the atm., and found the values 0-65x 10~» at O'" ; 0’75 x ICr® a1?18° ' %nd 
aSOxlO « at ^5^^nd, in agreement with J. Walker and W. Cormack, who said 
•that cgtbon dioxide is the only substance in tlm atm. which confers conductivity 
on water;* the pprest distilled water of the laboratory is a sat. soln. of carbon 
dioxidePundSr existing atm. conditions. F. W. Knox gave for the eq. conductivity 
A mhos, when a mol of the acid, H2CO3, is dissolved in v litres of water : 


V . 

A . 


a , 

AjXlO^ 


. 12-61 18-43 36-36 63-2 

.• 0-777 0-932 1-210 1-680 

. 0-00210 0-00261 0-00367 0-00443 

3-76 • 3-7 (V 3-72 , 3-70 


126 ,• 287 1099 

2-44 3-74 8-01 

0-qp684 001048 0-02244 

3‘7? 3-86 4-69 * 


• • 

J. Walker and W. Cormack gave for the conductivity at infinite dilution 3*565 *and 
^ calculated for the transport number of the hydrocarbonate ion, UPOg', 40*5, and for 
* the H*-ion, 316, frofli the conductivity of soln. of sodium hydrocarbonate ;* J. Kendall 
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;ave 40' 1 at^ 8 ®, 35 at 12*5°, and 25 attO° for the HCf) 3 '-iDn. Further/observations 
^ve for the mean value of the ionization constant, ^ri= 0 f gSOi, or Ji:i=3*04 x 10 “^ 
t according to I Walker and W. ComVk ; 3*34 X 10~7 at 12*5° and 3*76 x 10~7 
1 18°, according toF. W. Knox ; snd 2*24x10“^ at 0 °, 3*12xl0“7^at 18°, and 3*50 
< 10~7 at25°, i^ccording to J.Efendall. Theheatofionization, H^COaaq ^H* +HCO 3 ', 
:iren.bt J.^ Kendall was 0°-25°, -2*89 Cals. ; 0°-18°, -2*91 Cals, ; and 18°-25°, 
-2*83 Cals. ; E. W- R. Pfeiffer gave —7*85 Cajs. at 0°-12*6° ; and F. W. Knox, 
-3*48 Cats, at 12*5°-1 k°. The ionization cdilbtant furigshes a ready means of 
omparing the ^engfti of acids. Thus, at 18°,* 

• • * * 

* , Acetic aiJar^nlc Hydroaulphurlc • Hydrocyanic Boric 

^ acid. add. acid. acid. acid. 

h\ . . M’SxlO-® .3-OxlO-’ 9-0xl0~« • l-3xl0-» ^6-8xl0“i® 


The percent^e degrees of ionization, or the percentage amount^f the a^d ionized, 
ire: 


CHj.COOH 

n,co, 

• HjS 

n,BO, • 

' HCy 

. 4-2 

•0-774 

0-42 

0-042* 

0-036 

. 1*3 

. 4)-260 

0-13 

0-013 

•o-oii 


E. Pfeiffer, A. Lieben, J. Walker, etc., raised the question : Is al^ the carbon dioxide in 
aq. 8oln. present as carbonic acid, or is part Resent as carbonic acid, and part present as free 
(or hydrated) carbon dioxide ? Let a denote the number of mols of unohan^^ed carbon 
dioxide ; b, the number of mols of non-ionized carbonic acid ; and a, the niftnber of mols 
of ionized carbonic acid. Then a4-6+a= 1. From the mass law, assuming that there is 
equilibrium between the free carbon dioxide in sdln. and the carbonic acid, ajv—kbjv, 
where k is constant; hence, b~a/k. Substitute this value of b in the first equation, and 
ajk~{l — a)/{l-\-k); or 6~(i — a)/(l + A). The equilibrium condition llotween ionized and 
non-ionized carbonic acid gives {ajv)^—Ki{blv), and on substituting for h it follows that 
a*l{l—a)v~Ki/{li-k)’, but k is constant, and hence a^j{l—a)v=K. The constancy of 
a*/(l — a)y thus furnishes no evidence os to the proportion of the carbon dioxide in aq. soln. 
present as carbonic acid, for the same relation is obtained whatever Ije the proportion. 


The complete ionization of carbonic acid H 2 C 03 ^ 2 H' +CO 3 " proceeds in two 
stages : H 2 C 03 ?=iH'+HC 03 ^ for which the ionization constant has just been shown 
liO be . The second stage is represented by* HCO 3 '— H’-f CO 3 ", or 

[H’ ][C 03 ''J=K 2 [PIC 03 ']. From J. Shields’ observations 8n the hydrolysis of aq. 
soln. of sodium ^arbonate, and F. Kohlrausch and A. ileydweiller’s value for*the 
ionization constant of water, Gr. Bodlandcr calculated fbr ionization constant of 
the seconc^ hydrogen ion K2=l*295=10~i*. Hence, K\ is 23,000 times as great as K^. 
H. Menzel gave K 2 — 6*2x 10"ii at 18°. By combining Kj and Ko, it follows that 
H 2 C 03 +C 03 "=: 2 HC 03 '; and [HC 03 'MH 2 C 03 ]tC 08 "]=iri/£ 2 ; ind KjIK^^Ks- 
H? N. McCoy found at 2^° to be 5300. More exact values for the second ion- 
ization constant were deterfnined by y. Auerbach awi H. Pick, and E. B*R, PrideauX, 
and thej find 7^2=6 X 10"ii. This subject has been discussed in connection with 
the hydrolysis of the carbonates and hydrocarbonates of the alkalies and alkaline# 
earth metals [q.v.). A. Thiel and R. Strohecker represent the degree of ionization 
In t6rms ^ the carbonic acid actually formed rather than in terms of the amount of 
carbon dioxide dissolved. They estimate that in a 0*00812 molar soln. of this gas 
at 4°, only 0*67 per cent, is presejj^t as carbonic acid. Making allowance far this,, 
the ionization constant of the first hydrogen-ion is 5 x 10~^. L. J. Hpijderson has 
discussed the function of carbonic acid in preserving a neutral reaction in natural 
waters, and thus maintaining the characteristic qhemical inactivity of water. 
0. Hahnel found Jhat at a press, of 52 atm., and at 15°, the strength of carbonic 
acid is of the same^order as formic acid. R. Strohecker made observations on this 
subject and found that the ionization constant is 44x10“^, making the llcid behave 
tike a hydroxyformic acid; D. H. Jacksqp and J. R.McDergiet, on the effect of 
thetde-aeratioji of naturalVa^rs on the carbonate equilibrium; and I. N. Kugel- 
mass and A. T. Schohl, on the effect of the equilibrium on the physiology of bone 
calcifiBatiqp. f 
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E. WilkAf bowed thatithe' conductivity increasis with time, possiky owii^ to 
disturbances produced the current;, the ionization constant thus appeared to 
increase from 3 07 x l(^^ to 4 5 x 10 -^ in3 hrs. Light act%similarly. The hydnogen, 
ion cone, in the^ presence of alkali chlorides tnakes the carbonic acid appear like a ^ 
strong acid, but the H’-ion cone, increases more rapifily than the cqnc. of the acid. 
This is explained by assuming that the aq. soln. of carbon dioxide contains sotfie 
orthocarbonic acid, H 4 CO 4 , which, containing no ketonic oxygen, is a very weak^ 
acid ; bvt ih cone, salt s^ln. it is dAlydrated*. iforming metjcarbonic acidj CO(OH) 2 , 
which behaves like a strong acid. E. P. Metcalfe studied the ioni^^jtion of the gas. ^ 

According to E. Royer, and A. Coehn and S. ^ahjjj, carbon dioxide irf r^duoed 
electrolytically in aq. soln. of Sodium hydrocarbonate, or better, potassium ^Iphate, 
but not in podium carbonate or acid soln. With most cathodes, redilction takes 
place to a small extent ; with a cathode of zinc, freshly coated with zinc from a 
potassium ^inc cya»ide ba^^, a 50 per cent, yield of formic acid is obtained- Repeated 
use of an imalganiated zinc cathodls results at first k/increased yields (up tp 82 per 
cent.), but the cathode suddenly lo^s its acrivity. Amalgamated copper cathodes 
give const^ant yiejds (45 to 50 per cent.) on repeated use. After prolonged electro- 
lysis of carJ)on dinxide in potassium sulphate soln., comparison of the acidity of the 
mixed cathode and anode sofn. with the potassium permanganate titre shows the 
reduction to result in the formation of forrqic acid with little or no formaldehyde. 
Formic acid can also be obtained by electrolysis of an aq. soln. of carbon dioxide. 
R. Ehrenfeld electrolyzed, for 12 hrs. at ordinary temp., a soln. of commercial ammo- 
nium carbonate in one part of aq..ammonia, sp. gr. 0*910, and four parts of water 
contained in cells with the anode and cathode (platinum foil) separated by a porous 
partition. Ammofiium formate was produced at the cathode when this consisted of 
amalgamated zinc and when a difference of potential of 5-10 volts and a current 
density of 0*01-0*08 amp. were employed. No formate could be detected {a) when 
iron, platinum, copper, lead, or nickel cathodes were used, ( 6 ) when the current 
density was less than 0*01 amp., nor (c) when the soln. was too dil, for example, 
one-fifth the above cone. Soln. of sodium carbonate or of carbonate and 
hydroxide do not yield formates un(\er similar conditions. The formatioij is not due 
to the presence of carbamate in the commercial carbonate, but is atljributed th * 
the ^presence of NH 4 C 03 '*-anions in the cone. soln. A. Bach has given series of 
equations representing the differentf stages of electrolysis, but thesf^are quite imagi- 
nary, and. added W. UfM, tack any experimental foundation. The reduction of 
carbonic acid t 6 carbon does ifot occur in ®any soln. of the carbonates, but F. Haber 
and S. Tolloczko found that ‘if b,p.rium chloride be fused with 5-20 per cent, of 
barium carbonate, icooled, i^nd electrolyzed at 550°-600° in a nickel crucible with a 
platinum cathode, cafbon separates in a dendritic for#f]. The anodic oxidation* 6 f 
carbonate sofn. was found by E.* J. Constam aivi*A. von‘Hanssen, G. Hostelet, and 
F. Salzer to furnish percarbonic acid {q.v.). The electrolysis of carbonate join, has 
i)een studied by P. Burckhard, H. Kolbe and R. Schmidt, C. Luckow, etc. 

The dielectric constant of liquid carbon dioxide was found bv F. Linde 20 to be 
r60§ at -5°; 1-583 at 0": 1*540 at 10°; and 1*526 at 15° for ancf for* 

the gas at 15° an4 39 atm. press., 1*060; at 19*9 atm. press., 1*015; and at 9*4 
,atm. pfess., 1*009. Determinations were also n^de by L. Boltzmann, E. C. Fritts, 
J. Klemenkjyt and^ W. E. Ayrton and J. Perry. W. Herz found the dielectric 
constant at* 10 ° to be 1*540; and at the critical temp. 1*27. H, Riegger gave 
1*001392 at --73°. Carbon dioxide was first stated by M. Faraday,^^ F. Zantedeschi, 
and J. Plticker to be divnagnetic. R. Bernstein gave -f 0*()Q02‘X 10~® for the 
magnetio susceptibility in vol. units at atm. press, and 15° ; G. Quincke gave at 
16°, and 1 Stm. press. -l-O’On x 10^ and at 10 atm. press.^-f0‘12x 10 ~®. T. Son4 
gave,*— 0*423 X 10~® fcr the sp. magnetic susceptibility, and —0*1781 x 10 ~® for the* 
vol. susceptibility at 0 ° end 760 mm. A. Glaser investigated the diamagnetisnl of 
this gas. D. N. Mallik studied the magnetic rotation of the electric discharge in 
carbon dioxide. F.^Weigt gave (0-14^ ± 0*0017) X 10“^® for the e^trical moment 
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of carbon dioxide. W. M. Yoting mtasured the iorfic mobility in tjip corona dis- 
charge ; and H. A. Erikson, and Jjr. C. (jjrindley and A. If. Tyndall, the mobility 
of ions in carbon di(ixide, , * , 

• • • 
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§ 36. The Solubility of Carbon Dioxide 


J. Dalton, 1 and W. Henry noted that water dissolves approximately its own 
vol. of carbon dioxide. F. M. Buamirt also observed that at 3*2° and 760 mm. press., ^ 
one vol. of water dissolves 1*5184 vol. of the gas, and at 19*6°, 0*854g voL «W. B. and 
R. E. Rogers, R. Bunsen, G. Geffcken, E. Bauer, E. Fernet, G. Just,* F. Exner, 

J. H. Coste, K. Ajigstrom, E. Wiedemann, W. Kunerth, S. Gniewasz and A. Walfisz, 

N. de Khanikoff and V. Louguinine, W. Sander, C. Bohr and J. Bock, L. W. Winkler, 

P. Rischbieth, etc., Rave made observations on the solubility of carbon dioxide in 
vrater. C. Bohr and J. Bogk gave for the solubility, S, expressed in grams of carbon 
dioxide in 100 grms. 6f ^ater, and'the absorption coeff.fj8 : 

0 “ ' 5 " 10 " ■ 15 " 20 " 25 " 30 "” 40 " 50 " 60 " 

1*713 1-424 1*194 1019 0*878 0*769 0-666 0*630 0*436 0-369 

. ^336 b*277 0*231 0*197 0*169 0*146 0*126 0*097 0*076 0*068 
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thus showinff that at a^ed press., the voV. of gak aborbed by a liquid 
with rise of tmperaiui* F. Hcnrich represented R. ® ?*. fflcari 

fonnula: Abaor^on coe«., ^=l-7326-O066724d+0 (l«W ; “*1 ^ j 
and J. Pagliaiu gave j8=l'5062-0'036511«d-0 0002917(IA and 

A. Va*gt measured tlfe distribution of carbon dioxfde between air an . . , 

different temp. J. Dalton, and W. Henry showed that the amount 
at a given temp, is roughly proportional to the pessure indicated y ^ 7 
law (1. 10, 4). H. V. Regnault showed thU the relatiof i^ not strictly ’ 

and N. de Khanikoff and V. Louguinine found that the amount « t 

dissolved is rather greater 1;Jifen corresponds withith| proportional rule, and Mia 
the difference increase’d as the press, was augmented. S. von Wroblewsky/mserved 
that the coeff . of absorp^ion^increases less rapidly than 4he pres'^. and tends towards 
a limiting value. Thus, if S denotes the vol. of gas absorbed by one c.c. of water. 
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W. Sander measured the Wubility of carbon dioxide in water between 20° and 
100°, and between 20 and 170 kgrms. per sq. cm.^ress. and found that at low temp, 
the results deviate from Henry’s law, but the accord is closer when the vol. of gas 
absorbed is referred to the vol. of*the soln. and not that of th^ solvent. The law is 
more nearly follcwwed at higher temp., and at 1(X)°, the solubility is proportional 
to the press, thus corresponding with Henry’s law. This is shown by the following 
selection, where C represents the vol. of gas (reduced to one kgrm. per sq. cm.) 
absorbed by one c.c. of the soln., and p, the press, in kgrms. per sq. cm. : 
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The data are plotted in Fj^. 51 . W.*P. Heath, C. G. Anthony, and 4V. A. Riley 

have calculated tables of the solubilities of carbon dioxide in water at different temp. 

and press. 0. Haehnel also measured the 
effect of presf. on the solubility of carbon 
dioxide. * C. Ze’rbe tried unsuccessfully to 
remove iO per cent, of carbon dioxide from 
a mixture containing carbon monoxide and 
hydrogen by scrubbing the gas with ^ater 
at 150 atm. press. Excessive amounts of 
other gases were dissolved. 

According to S. von Wroblewsky, there 
p J is a close relation between the solubility of 

Fio. 61.— Effect of ^ carbon dioxide in water and the surface 

Pressure on the Solubility of Carbon . t \ ^ t i ^ 

Dioxide in Water. * sol”- 1 

r 30 atm. ’ The product oS the surface tension 

and the ^ress., p, is proportional to the coeff. of 8Aturation,*iS, so ih&tap—KS, 
where jK” is a coeff. which increases with temp. The variation in the surface- 
tension is independent of ‘the press., ♦•and dejfends §nly 6n the amount of 
dissolved in the superffcial layer of the liquid. The solubility of \jarbon diSxide 
in water increases less rapidly than the press., and tends towards a lim^ which 
is apparently reached when the ^arbon dioxide liquefies, sinSe the** liquid does 
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nort mk wh;h water. The dinfinution of the snriace^tenflion also decreases as 
the press', rises, and tends towards a limit which, at is reacned when the 
press, is sufficient to liquefy the (irbon dioxide. At this paint the surface-tension 
• of Ihe ? 5 pter is reduced ^by one-half. W. A. Patrick represented the solubilities 
r of a number of gases in wwter by, the formula where S is the 

vel. qf liquefied gas dissolved per gram of water (i.e. tjie weight of the gas dissolved 
«‘per gram divided by the sp. gr. of the liqueQed gas at that temp.) ; po is the 
.vapour qi^ess., and o'the surface teision of the lique^ gas at tha<*temp. of 
. I \ is the equilibrium gas press, f and K and n are specific constants. 
•B. S. Neuhausen fouhd the results satisfactory when ^=0 006, and n— f=0'33. 

Thflorier, J. K. Mitchell,* L.r. Cailletet, and B. SChwalbe found that liquid and 
solid carbon dioxide do not mix readily with water. ^ little liquid carbon dioxide 
^dissolves when it is shaken with water, and the excess of the former floats on the 
surface of t^p water. According^o H. Landolt, solid carbon dioxide sinks in water 
althou^ a little may be float64by the rising of bubbles of gas withouhbaing wetted 
by the water. • • 

K. Angstrom found the specific gravity of water after it has t^sorbe^ an equal 
vol. of carbon dioxide at 0® and 760 Aifii. is 1*00054, and unit voh necor^es 1*00126. 
E. L. Nichols and co-workers found that the temp. *of ntaxmurn density ^ and the 
freezincj point of water are lowered by dissolved carbon dioxi(ie. They found the 
following expansions to attend the absorption of carbon dioxide : 

2® 6" S” 12* 16* 18“ 22“ 82* 

Expansion . 0 002144 0 00] 726 0 001670 0-001640 *0 001378 0 001280 0 001210 0 001010 

showing that t}ie expansion is directly proportional to the amount of gas absorbed. 
G. A. Hagemann made an estimate of the energy which attends the association of 
carbon dioxide and water. A. Bliimcke said that the compressed carbon dioxide 
in water behaves as if it were a liquid, not a gas. 

The rate of evolution of a gas from a liquid, expressed in terms of the number 
of c.c. of gas at 0° and 760 mm., given off per minute per sq. cm. of surface, was 
called by C. Bohr, the evasion coefficient, and the converse process, the rate of 
^b8orptioi^,*was called the invasion coefificieni.* J. Hurtur measured the rate of 
absorption of carbon dioxide by calcium oxide. ,T. J*. Ho#d studied the absorption 
of carbon dioxide by aq. soln. of potassium hydroxide ;• P. Riou, by soln. of potas- 
sium and sodiuib carbonates, and ammoniacal soln. ;*J. JJeyer, and W. A. Roth, 
the rates of evolution and absorption oi carbon dioxide by waters W. F. Knox 
found that the rate of evolution of carbon dioxide from its aq. soln. follows approxi- 
mately a logarithmic rule, and E. P. Perman made some observations on this subject. 
T. Carlson found the rate of absorption of carbon dioxid^ by water at rest is 
dependent on the rate of diftusio**. of the gas into«the bulk of the liquid from the 
sat. surface, so that if C be the coiic. of the gas dissolved at the time t, and 8 the 
cone, of the sat. soln., the velocity of absorption, dC/dt, is 

where A is a constant dependent on the diffusion coeff., and the thickness « of the 
saturation layer ; if the liquid be^stirred with a paddle making n revplutions per* 
minute, then K~K'nWa, where K is a constant dependent bn the apparatus 
employed. A. Findlay and G. King found that the rate of evolution of carbon 
dioxide from sqln. of that gas is fastest with soln.* having the smallest surface 
tension ; but A. P*mdlay anc^O. R. Howell found that in file presence of colloids the* 
felationship is in the converse direction, and hence they inferred thaf “ it is not* 
the surface tension of ^e soln. yhich dejermines the^rate of ^escape of a gas. but 
^t|)er the internal press, of the liquid.” A. Sieverts and 4- Fritzsche, E. M. Baker» 
R. V. Wilhamson and J. H. Mathews, and P. G. Ledig and E. R. Weaver measured 
the rate of^ absorption of carbon dioxide by water and alkaline soln. 

VOL. VI 
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In geamltupenaluml^ wcuts more readily fngas s*'”' ^ 
Superaaturation persists fir a long time in rigorously clean glass VMsel . L. Pratoi 
found that certafo miheral water^.J. that from Contursi in Sakrm^ontam 
0 larger amount of carbon dioxide in soln. than correspoMs wit ® if ^ 7 ® 
the gask Ordinary seller water drawn from a siphon, and aJloweci to Stand naif 
an hour, contains I'OOl vo/s. of carbon dioxide under conditions where tiie solp- 
* bility of the gas would be represented by 1*289 vols. Hence a sat. flq. goin. of 
carbon dioxide under pjess., left tor some .time under ordinary press.^ contains 
a larger quantity of gas than water simply sat. with M gfes at#ordinary press. 
Aq. solh. of carbon dioxide areyery readily supersaturated. J. Mdlfchl studied the 
supersaturation of alcohol anc^ water by carbon dioJid^ , 

Some observations on the subject were made at the beginning of tha nineteenth 
century by J. J. Winterl* and H. C. Oersted ; and there has been some discussion 


by D. Gerifcz, G. der Mensbrugghe, C. F. Henjici, C. F. Schdnbein, H. Schroder, 
C. Tomlinion, K. Fricke 3nd C. Ihohmann, F. B. fenrick and co-workers, Lord 
Rayleigh, et(^, on the formation of gas bubbles in supersaturated soln. of gfts. 


W. Ostteald haf shown that ike »uperaaturatimi^/ a liquid hy gas ocrjira if theipreseure he 
reduced and ^as nuclei are absent.^ 1 ’he study of surface- energy ( 1 . 1 ,S, 22 ) shows that super- 
saturation must take^ilace if gas nuclei are absent. Since the surface tension of a liquid 
tends to diminish the surface, ttere must be a greater press, in the interior of a spherical 
bubble than at a plane surface under the same circumstances, and the theory of capillarity 
gives for this the equation p=^2ylr, where p is the press., 7 the surface tension, and r the 
radius of the sphere. If, therefore, a bubble of gas is formed spontaneously, it will be under 
a far greater press, than corresponds to saturation under the given conditions. It appears 
from this that a bubble could not be formed spontaneously at all. For, as at the first 
instant the bubble ftiust be infinitely small, the press., according to the equation, must 
be infinitely great. 'J'he spontaneous formation of bubbles shows that the assumption that 
the properties of a liquid remain the same up to infinitely small dimensions, is incorrect. 
If the limit for the ordinary properties of liquids is put at 10 -® cm., the press, in a bubble 
of this radius in water at room temp, is calculated to be 15,000 atm. Apparently nothing 
like this degree of supersaturation is necessary to cause spontaneous evolution of gas. 


To remove the supersaturation, the soln. can be brought into an atm. of the gas at 
a reduced press, or of another gas ifi which the partial press, of the dissolved gas is 
zero. The addition of porous powders which enclose large surfaces witfi adsorbed 
air acts similarly ; violent shaking acts by spreading numerous air-bubbtes through 
the liquid ; and boiling JJje solvent acts by introducing bubbles of vfpour throughout 
the liquid. Each bubble of gas acts as « nucleus facilitating the formation of a 
new phase ; the action of each bubble is local, and when it has risen to fhe surface 
and escaped from ^e liquid, no more bubbles are spontaneously evolved. Hence, 
a supersaturated soln^of a ^s expels the nuclei which are necessary to relieve super- 
saturation. » Many aerated beverages are charge^ witti carbon dioxide at about 4 
atm. press., and when the first effervescence winch attends the pouring is over, small 
.bubbles develop ^at the places where the glass has been scratched and some air has 
been imprisoned. This is illustrated by the fact that if a “ sparkling ” liquid bo 
poured into a wetted glass vessel, it appears “ flat ” ; and the introiiictioa of 
powdered sugaf or a roughened surface restarts the evolution of gas. 

J W. Hempel and J. Seidel 2 noticed that carbon dioxide unites with water when 
under 43 afnji. press., forming a compound whirfh melts at 8°, and decomposes at 
—2° under atm. press. A few hydrates ot carbon dioxide have been reported. 
R. Bunsen computed that the water and carbon dioxide adsorbed by moist glass- 
wool are related as CO 2 : H 20 == 2 : 1, and he suggested that under the^influence of the 
.capillary press., it is possible that hemihydrated carbon dioxide is formed : CO 2 .JH 2 O. 
According fco S. von Wroblewsky, when an excess of carbon dioxide at 0° and 46 
atm. press, is allowe(| to staij^d in contact with water, somefof the gas liquefies, and 
two liquids appear— thf lower liquid is water with more or less carbon dioxide 
in soln., and the upper liquid is carbon dioxide. If the press, be sfowly released, 
the liquid carbon dioxide slowly vaporizes, but if rapidly decreased to 12*^ atm., 
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a solid collects on the walls of ‘the containing vessel. Hf infers that this solid is 
a hydrate which decomposes at pi^. less than ^ ^ 

I IPreseur© . *. •. 12*3 16-7 17*9 21*8 23*3 • 26*1 atm. 

Temj^ratiire ‘ 

Savoa Wroblewsky’s, and W. Hempel and J. Seidel’s ^lyses correspond with octo- 
i%hydratei carbon dioxide, CO2.8H2O ; but P. l^Uard’s analyses correspond with 
hexahydrat^ carbon diox^e, CO2.6H2O. P. Vinard said fhat combinfttiQn occurs 
under simple pj^., a\id the hydrate does not decompose below 0° under ordinary 
•press, ^roept in tne presence of Jiquid water. M. Ballo made some observations on 
this subject. W. Hempel 8nd J. Seidel also sealed^ weighed quantity of water 
and solia carbon dioxide in a tube ; at ordinary temp.„the liquid formed two layers,, 
the water underneath ; on cooling the tube slowly, crystals formed ; these began 
to melt at aljout 8°. The tube was then cooled to — '79°. open^, furnished with a 
delivery tube dipping under ^lercury, and theft allowed to rise in tenaperature ; 
carbon dioxide was evolved furiously at first, but ceased to come off ®t —25° ; at 
—2°, the evolution of gas again comme*nced, and the volume that game olj between 
this temperature and 20° correspon*d?d with the octohydrate *or en'^eahydrated 
carbon dioxide, CO2.9H2O. P. Villard found that the Crystals are hexagonal prisms, 
and when deposited from aq. soln., the crystals are acicular like those of ammonium 
chloride. S. von Wroblewsky said that the density of the hydrate is greater than 
that of water sat. with carbon dioxide. P. Villard gave 14 9 Cals, for the heat of 
1 formation of the hexahydrate, and he gave for thf. dissociation press., p, 

0“ 0 48° 27° 3*6° 3 3° OT 0’8° lO'O® 

p ... . (1-5 122 12*7 16-7 17*9 2P8 23'k 26*1 44*3 atm. 

[The fact that the relative proportion of water and carbon dioxide has no influence 
|on the (Association press, is taken to indicate that only one hydrate is formed. 
?The subject was discussed by H. W. B. Roozeboom. P. Villard’s crystals had no 
action on polarized light. 

When carbon dioxide dissolves in water it furnishes a soln. with the properties 
iOf a weak f^did. How does the formation of cartonic acid affect the application of 
the law of jj^rtial press. ( 1 . 10 , 5) ? The rule that at any given temp, the amount 
of, say, carbon diojside absorbed from the atm. by*water, is the product of the amount 
[ di88()lve<i under 760 mm. press, of carbon dioxide alone,*by tbe partial press, of that 
; gas in air, Jiolds good in spite of the chesnical reaction C02-}-H20^H2C03. Let 
1 the chemical symbols in brackets denote the conc^ of Mie compound, then, from the 
law of mass action : [CO2 ][H20 ]~ A] [H2CO3 ], but the cone, of th(g water is so greatly 
in excess that its cone, can ajso be regarded as a constant, and if K^jK^—K, 
then [COg]— ^C[H2C03], meaning 4;kat the cone, the carbonic aci<f , *If2(>03, is 
proportional to the amount of carbon dioxide dissolved, and this in turn is propor- 
tional to the partial press, of the gas. ^ 

From the law of partial press., and C. Bohr and J. Bock’s data,^ it follows that a 
litre t)f waiter should dissolve from air containing 0 03 per cent, of carbon dioxide : 

0° 5° 10° 16° 20° • 25* 30° 

Carbon dioxide . 0-614 0’4e7 0-368 0*306 0-264 0-228 0*re9 c.c. • 

Natural waters, however, usually contain alkali or alkaline earth eSrbonate^ in soln. 
as hydrocarbonates, which give up their carbon dioxidejon boiling. F. M. Baumert’s 
and E, M. P^ligot’s^nalyses of the gases in rain-water sho^ respectively P8 and 2*4 
per cent, of carbon* dioxide at ordinary temp. The data correspond with those 
required for air With 0’03 per cent, of carbon dioxide. R. Bunsen found id the gases 
of rain-water 2*92 per cent. carbon»dioxide ^t 0° ; 2*68 ^t 5° ; ^*46 at 10° ; 2*26 at 
15° ;*and 2* 14 at 20°. H. McLeod’s and E. Frankland’s analyses gave 6*2 per cent, 
of carbon dioxide, and corresponded with an atm. with 0*1 per cent, of that gas. 

E. Fraflklaud’s analyses of the gases from a Cumberland mountain stream gave 
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O' 281 per cent of ottrboutdioiide, and thoB0 from ‘the w&ter of the fbeioes g&ve 
4‘021 per cent., and E. leicherts' analysis of tig Jena water supply gave 2’47 per 
cent, of carbon dioxide* The variable proportions here correspond with the presj^nce 
of variable amounts of hydrocarbonates in, th^pe natural waters. C. I J. Fox* 
found between 1 and 7 parts of carbon dioxide per 10,0#0 parts of sea-waUr ; and that v 
the total alkalinity varies, bgt for the open ocean it is eq. to about 40 w^rjns.fof 
OH per litre at 12°. The ratio of tq|;al carbon dioxide to total OH is linear, and there# 
are no COs'^-ions ; all tl^ combinefl ‘carbon dioxide is in form of HGOs'-ions. 

C. ft. C. Bischof estimated that 60 per cent, of the total lolid^fc waters of the 
principal rivers of Europe is dissolved as calciun^ hydrocarbonate and delivered* 
into the sea. The oceftn is nbt sat. with calcium hydrocarbonate ; this, according 
to C. F. Tolman, is shown bji the fact that (i) W. Dittmar found that except in one 
or two cases, lime was not deposited from the hundreds of samples of sea-water 
collected 1^ the Clmllengej^, after they had been liept for many years ;,(ii) B. Willis 
found tha^ saa-shells from the bottom of the Pacific«^ere much corroded ; ^teropod 
shells and fofanjinifera tests are sloVly dissolved as they sink ; and pteropod shells 
are not fgund bfjjow 1500 fathoms, and globiserina ooze, not below 2800 fathoms ; 
(iii) J. Thqulet faund that sea-water will dissolve calcium carbonate from shells, 
corals, etc. ; and (iy) J. Usiglio observed no precipitation occurred in the evapora- 
tion of sea-water until the sp. gr. rose from r02 to 1'0503, and the deposit then 
consisted largely of calcium carbonate and ferric oxide. The analyses of 0. Jacobsen, 

A. Hamberg, H. Tornoe, W. Dittmar, F. Natterer, and J. Y. Buchanan show that 
the amount of carbon dioxide in sea-water is not usually sufficient to transform all 
the normal ealciurn carbonate into hydrocarbonatc ; and that the largest part of 
the so-called free Carbon dioxide is present as hydrocarbonate in equilibrium with 
the carbon dioxide in soln. and in the air. According to J, Johnston and 
E. D, Williamson, the warm surface layers of the ocean are practically sat. with 
carbonates, which are subject to precipitation not only by fluctuations of temp, 
but also by fluctuations in the proportion of carbon dioxide in the atm. above. 
W. Dittmar found that between 18° and 21°, the dissociation press, of the hydro- 
carbonates in sea-water is 0’0005 ^tm., and at temp, near 0° there is no dissociation 
at all. Since the partial press, of the carbon dioxide in the atm. is about 0*00Q3t 
atrg., it follows that tli^ wanner portions of the ocean are constantly supplying 
carbon dioxide to the atm* and the colder portions arc constanjjy removing that 
gas. C. F. Tolman adidtd : 

Tlie increase in the ocean’s capacity for carbon dioxide at low temp, and the invasion 
of polar waters towv.rds the equator both tend to rob the atm. of carbon dioxide, and this 
is unaffected by any diminishing partial press, of that gas. In the temperate waters, the 
effects of i^^cfeasing cold and decreasing partial press, se^ to be fairly evenly balanced, 
with a possible advantage for the diminishing partitfl press., against whirjh must be reckoned 
a decrease in the amount of these waters. In the equatorial waters, the effect of the decreas- 
•ing press, exceedc, that of falling temp., coimterbalanced by a large decrease in the amount 
of these waters. 

C. J. J. Fox cpncluded that for the open ocean it requires 17*6 times as much 
* carboa dioxide to raise the partial press, of th^t gas as it does for the same vol. 
of air ; oif if a quantity of carbon dioxide is poured into the air, as, for example, 
by volcanic action, two-tliirds will eventually be absorbed by the sea. The final 
equilibrium will not be attai/ied, however, until either the insoluble carbonates on 
the sea-bottom or the carbon dioxide in the air have completely gone into soln. in 
•the form ^f HCO3'. The cone, of the free ions, HCO3' and H ;for ocean- water are 
calculated to be respectively 2-24xl0“3 and l-6xl0“« if 2’6xl0~« gram-eq. per 
litre ; thus sea- water has a slightly h%her cone, of H'-ifins than distilled watet. 

S. PalitZBch found great constancy in the cone, of the*hydrogen ions in sea-water 
(excluding the Black Sea) ; the extreme variations were 0’07lliV to 0'%4!6N ; and 
the cone, of the hydroxyl ions, 0'0^2N to O’OjbiV. This is a sufficient ^xce& to be 
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termed faint alkalinity. The fatio between hydrooarbajates and rfjarbonic acsid 
in sea-water is estimated by L. J. Henderson to be betweeif IW : 1 ^d 1000 : 1. 
g H. M. Noad * obsarve^that no considerable amount of carbon dioidd^ is absorb^ 
by cone. 9ulphuric add. W. B. and R- E. Rogers found one vol. of cone, sulphuric 
"^acid absorbs 0*76 vol. of carbbn dioxide at 16° ; and one vel. of fuming su^huric 
&did absorbs 1*25 vol. of the gas. They added that the carbon dioxide is not com- 
pletely expelled by healing the acid soln. to 100°.« The solubilities of carbon dioxide 
in aq. solm of sidphi^ricfacid at 15°-25° hav^%een determined by A. Christoff, 
C. Bohr, J. MaJitand G. Geffcken ; the last-named found for unit vol. of soln. with 
*24*52 grfhs. of H2SO4 per Ijjre,# 1*018 vol. of ga^ were dissolved at 15° and 0*794 
vol. at*^° ; and with 196*15 grins, of acid per litre,*0‘828 ^ol. of gas at 16°, and 
0*667 vol. al 25°. The first-named found that at 20° the ^olubility fell from 0*9674 
for water to 0*6521 with 35*82 per cent, acid, and then rose to 0*7191 for 61*62 per 
cent, acid, and to 0*9924 for 95*6 cent. acid. A. Hant;^ch and A. Vag^ measured 
the distribution of carbon dioAde between air and dil. sulphuric acid ak different 
temp. G. Geffcken found for hydrochl^ic acid Vith 18*23 and 72*^2 Jrms. of acid 
per litre, respective solubilities 1 043 and 1*000 at 15°, and 0*fi06 an(4 0*795 at 
25° ; for nitric acid with 31*52 and ^126* 10 grms. of acid per litre, the^ respective 
solubilities 1*078 and 1*100 at 15°, and 0*840 and 0*8^7 at 25°. . F. L. Usher found 
a JiV-soln. of acetic acid had an absorption coeff. of 0*669. G. Just found that one 
c.c. of glacial acetic acid dissolved 5*614 c.c. of gas at 15° ; 5*129 c.c. at 20° ; and 
4*679 c.c. at 25° ; acetic anhydride, 6*128 (15°), 5*720 (20°), and 5*206 (25°) ; pro- 
pionic acid, 4*787 (15°), 4*407 (20°), and 4*078 (25°) ; butyric acid, 4*084 (15°), 3*767 
(20°), and 3*478 (25°). W. Kunertb measured the solubility in acetic acid. 
J. Setschenoff found for soln. with 12 and 595 grms. of citric ^acid per litre, the 
respective solubilities 1*007 and 0*719 c.c. of gas at 0° and 760 mm. per c.c. of soln. 

J. Setschenoff found that the solubility of carbon dioxide in dil. salt soln. follows 
the same law as if the salt be absent provided there be no chemical reactions between 
the gas, the salt, and the solvent ; but with increasing proportions of salt, the 
solubility of the gas decreases, presumably because the attractive power between 
the solvent ^ind the gas is partially satisfied by 4he salt mol. He divides the salts 
• into two gvoups with respect to their behaviour towards carbon dioxide. In the 
one group, the salts are not affected by the gas — e.g. sodiubi chloride ; in the ojher 
group the salts neact with the gas — e.g. sodium *carboi^ate, phosphate, the borates, 
citrates, and oxalates. In the first group, the solubility (A^the gas decreases with 
increasing tone, of the soln., and in the otner group the solubility of tile gas increases 
with increasing cone, of the soln. • * 

' J. J. Mackenzie, A. Findlay and B, Shen, and J. Sotscheribff measi^ed the solubility of 
the gas in soln. of ammonium chforide^ The last-named gave for solfl. with 1 gnd 268 grins, 
of salt fier litre solubilities respectivelj* T(K)6 and 0*770 c.c. at n.p.d. per c.c. bf sat. soln. 
at 16*2° ; for soln. with 16*72 and 601*6 grms of lithium chloride per litre he obtained the 
respective solubilities 1*036 and 0*120 c.c. of the gew calculated at n.p.0. per c.c. of sat. soln.^ 
at 15*2° — other determinations were made by A. Christoff. The effect of sodium chloride on 
the s«lubill|.y of carbon dioxide has been investigated by H. Muller, E. Fernet, J. J. Mackenzie, 
A. Christoff, and J. Setschenoff. The last-named found that with a soln. containing 12*9 
and 192 grms. of the salt per litre, the reepective solubilities were p'978*and 0 466 c.c. 
of gas at n.p.0. The effect of potassium chloride has been measured oy J. J. MaoJeenzie, 

G. Geffcken, A. Findlay, and H. J. M. Creighton, and A. Findlay and B. Shen. The l^t- 
named found for soln. with 18*4 and 74*6 grms. of salt per litre, the respectfvfi solubilities 
0*792 and 0*701 c.c. per c.c. of sat. soln. at 26®. Hie effect of rubidium chloride was measured 
by G. Geffokm, who found that with soln, containing 60*47 ^d 120*96 grms. of salt per litre 
the respective soUibpitiee were 0*989 and. 0*921 c.c. per c.c. of^pat. soln. at 16®, and 0*769 
and 0*788 at 26® ; aad with sq)n. containing 84*17 grms. of ccesium chloride per litre ths 
rehpective solubilities were 1*006 and 0*781 c.c. per c.c. of sat. soln. at 16® and 26®. 

-J. J. Mackenzie found for seln. with 4*365 and 16*793 per cent, of calcium chloride the respec- 
tive absorption coeff, 0*942 and 0*632 at 8® ; *0*769 and 0*120 at 16*5® ; 0*873 and 0;47l 
at 28® ; and 0*696 and 0*40Cf at 30® ; similarly, for soln. with flt611 and 31*194 per cent, 
of strontium chloride, the absorption coeff. 0*779 and 0*286 at 8® ; 0*663 and 0*246 at 16*6® ; 
0*681 and 0-247 at 22® ; and 0*608 and 0*223 at 30® ; and for soln. with 7*316 and 26*216 
per cent. ck%arium chloride, the respective absorption coeff. 0*969 and 0*496 at 8® ; 0*744 ^ 
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and 0*618 at i6'6“; 0*6 
found that aoln. contak 
respectively 0*776 and f 


^•O»4*nd0'383 at22“; and 0'66B and O'SIS J. Sa^henoff 

ainOg im and 690-4 grau. fi todium 

ij^ouwuvmjr *ud 6’221 C.C. Of gas at n.p.e. per o.o. of eoln. at 15 J. . Itie e«ecc Of 
potassivm bro%ide was investigated by A. Christoff, G. Geffckin,and J. Setsch^off. Thef 
latter found for soln. with 83*9 and 603*1 grms. of th^salt per litre the respective soIubiJitiea 
0*908 ind 0*679 c.c. of ^ at n.pJ. per c.c. of soln. at 16^° ; and for soln. with 319*1 and 
967*3 grnis. of potassium iodid^ per litre, the respective solubilities 0*777 and 0*w^c.c*of 
gas at n.p.8. per c.c. of soln. at 16*2^*. Measurements were also made by G. Geff(^en, and^ 
A. Christoff. J. Setschenoff found fir,soln. with 233*3 and 699« grms. of sodium chloraie 
per litre*thfi respective j^lubilities 0*^25 and (f*627 c.o. of gas|at|i.p.8. oer c.^. of soln. at 
15*2® and for soln. with 320 and 978 grms. of potassium thiocyanate per^re, the respective 
solubilities 0*691 and 0*387 c.c. erf gas at n.p.6. per c.c. j^f soln. at 16*2°. • • ' 

The effect of ammonium sulphate was measured by A? Christoff, and J . Setsehenoff ; 
the latter found that with sobi. containing 72*2 and 144*4 grms. of the salt ,per* litre, the 
respective solubilities werg 0*^12 and 0*676 c.c. of gas at n.p.^. per c.c. of soln. at 16*2® ; 
and soln. with 14*2 and 284*4 grins, of sodium sulphate per litre dissolved respectively 
0*960 andt)*234 c.c.*>f gas at n.p.6. per c.c. of soln. ati[6‘2°. A. Christoff foimd that 76 c.c. 
of 0*66.^^-^nd jV-soln. of p(mssium sMphaie dissolved r^jlectively 0*1140 ana 0*1002 grms. 
of carbon dioxide at 16*6® and 760 gim. ; 76 c.c. of 0*66A'^- and 2A^-8oln. of potassium 
hydrosulphate dissolved respectively 0*1020 and*0*1000 gim. of gas at 16*6® and 760 mm. ; 
and 76 cc. of 2ji?.8oln. of cupric sulphate dissolved 0*0761 grm. of gas. J. Y. Buchanan 
tested thc^ action of carbon dioxide on smn*. of calcium sulphate. 'J. Setschenoff, 
J. Y. Buchanan, and A. Christoff measured the effect of magnesium sulphate and of zinc 
sulphate. The formir observed that soln. with 26*5 and 318 grms. of magnesium sulphate 
per litre dissolved respectively (f 901 and 0*188 «.c. of gas at n.p.0. per c.c. of soln. at 16*2° ; 
and soln. with 38*3 and 460 grms. of zinc sulphate per litre dissolved respectively 0*903 
and 0*209 c.c. of gas at n.p.0. per c.c. of soln. at 16*2®. A. .Findlay and B. Shen found that 
at 26®, soln. with 96*1 and 224*7 gi’ms. of hexahydratod ammonium ferrous stdphate per 
litre dissolved respectively 0*641 ancf 0*460 (!.c. of gas per c.c. of soln. A. Christoff found 
that at 16*6®, 76 c.p. of a N-m\n of ammonium ferric sulphate dissolved at 0*0991 grm. of 
gas ; and 76 c.c. of a N-soln. of potassium aluminium sulphate dissolved 0*1064 grm. of gas. 

J. Setschenoff found that soln. with 2*8 and 810*4 grms. of ammonium nitrate per litre 
dissolved respectively 1*013 and 0*612 c.c. of gas at n.p.O. per c.c. of sohj. at 15*2 ; and 
soln. with 89*3 and 6^6*2 grms. of sodium nitrate per litre dissolved respectively 0*836 
and 0*244 c.c. of gas at n.p.0. per c.c. of soln. at 15*2®. A. Christoff, G. Geffcken, and 
J. Setschenoff measured the effect of potassium nitrate ; the last-named found that soln. 
with 68*8 and 236*1 grms. of the salt per litre dissolved respectively 0*969 and 0*781 c.c. 
of gas at ii.p.S. per c.c. of soln. at 16*2 ; ho also found that a soln. with 41 grms. of calcium 
nitrate per litre, and one with 62*7 ^ms. of barium- nitrate per litre dissolved respectively 
0*923 and 0*922 c.c. of g«(» at n.p.^. per c.c. of soln. at 16*2®. A. Christoff f6und that W 
16*/^®, 76 c.c. of a iV-soln. of normal dodecahydrated sodium oithophosphUe dissolved 
0*6828 grm. of gas. J. S. F. Pagen^techer, J. J. Berzelius, J. von Li^ig, J. Setschenoff, 
R. L. Marchand, and R. J^yeid^nhain and L. Meyer have studied the action of carbon dioxide 
on soln. of sodivm hydrophosphate. A. Christoff found that at 15*6° the solubility of carbon 
dioxide, in c.c. of gas per c.c.^of a soln. of normal decahydrated sodium pyrophosphate, 
is 0*8463 grm. ,* sodium metaphosphate, 0*0700 grm. ; N-Boln. of potassium dihydrophosphate , 
0*0860 ; i^-soln. erf potassium hydrophosphate, 0*4900 grm, ; A^-soln. of potassium meta- 
phosphate, 0*1237 ; N-fuAn. ot potassium dihydroarsenate, 0*0812 grm. ; JAT-soln. of potassiiOn 
hydroarsenqtoi 0*1110; ^A^'-soln. ,of ammonium hydgomefttborate, (NH4)H(B020)2, 0*7672 
grm, ; JAT-soIn. of sodium metaborate, 0*8122 ; and h’025N- and a sat soln. of borax dissolved 
respectively 0*2206 and 1*8286 grins, of gas. 

^ R. Bunsen ^ measured the solubility of carbon dioxide in ethyl alcohol, and found 
the solubility to be about twice as great as it is in water ; F. Henrich r^spres^nted 
these results by the expression 4 ' 3294 — O'O942610-1-O’(X)12354^2^ where S 

denotes the fols.'of carbon dioxide dissolved by one vol. of alcohol. C. Bohr 
found* with 99 per cent, ethyl alcohol • 

$ \* I _27® -20® -10® 0® 10® 20® 30® 40® 46® 

«(S . . . 38*41 7*61 6*76 4*44 3*67 2*98 2*67 2*20 2*01 


where S denotes the number of c.c. of gas at 0° and 760 mm. which 1 c.c. of the liquid 
dissolves at 760 mm. an(f 6°. 0. Miiller found that water is,ftiixed with alcohol, 
the absorption coeff. decreases until the mixture contains about 28 per cent, of 
alcohol; the solubility then increases, attaining ^the same, value with 45 per cent, 
alcdhol as it has for wajer ; *the solubility thereafter incieases rapidly until it at^ins 
the same, value as it has for water. Thus, at 20®, the data are : 

Alcohol, per cent. . . 1-07 22*76 28*46 31*17 42*16, 71 1 W7. 

Absorption coeff. . . 0*861 • 0*841 0*792 0*801 0*877 1*2W 2 719 
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0. Lubarsch obtained similar Faults. W. Kunertb also^^easured tke solubility in 
ethyl alcohol. B. Schwalbe said t^at liquid carbon dioxide (Jissolves in alcohol, and 
^L. P. Cailletef and*E. Qolardeau noted that the temp, then falls to —72® under 
^ atm. preSs., and to —100° in vacuo. According to W. Hempel and J. Seidel, when 
^ aq. alcqhol is sat. with solicf carbon dioxide a complex nC 02 . 3 C 2 H 50 H!H 20 is 
fOTmtfd, and when liquid carbon dioxide is distilled into methyl, ethyl, tertiary 

• butyl, t)r amyl alcohol, and the excess of carbon dioxide is allowed tp evaporate, 
the correSpondmg aHyl carbonates afe formed; with prdpyl alcohol, thfe mixture 

^ separates into Swo liquid layers. E. H. Biichner also studied the action of liquid 
carbon ‘dioxide on w-propyl alfohol. J. Zeleny an(^R. H. Smith found that the 
additibi of alcohol made very little difierence to the vap.* press, of solid carbon 
dioxide. A. Findlay and B, Shen, 0. Stern, and W. Sfii^ider measured the effect 
of temp, and press, on a number of organic liquids. The first-named foynd for the 
solubility, ^c.c. of carbon djpxide per c.c. of liquid at £5°, &fp mm. press., with 
aq. alcohol sp. gr. 0 9931 (2‘95 grms. per 100 c.c.), and sp. gr. 0 98^ f8‘83 grms. 
per 100 c.c.): . * , 

« Sp. gr . 0-9931 , • Sp. Kr.<e-9834^ 

p . 737 83G 1073 1338 942 * 1090 * 1360 

.S . . 0*812 0*813 0*811 0*811 0*786 0*784 0*786 0*788 

• 

A. Findlay and B. Shen found the solubility of carbon dioxide in wort containing 
13 grms. of solids per 100 c.c. to be less than in water ; and in beer to be less than in a 
mixture of alcohol and water containing the same proportion of alcohol as that of the beer. 
The solubility of carbon dioxide in beer has been investigated by T. Langer, and 0. Mohr. 
G. Just found the solubilities of carbon dioxide in methyl alcohol to be 4*600 (16°), 4*206 
(20°), and 3*837 (26°) c.c. of gas per c.c. of liquid ; in 97 per cent, ethyl alcohol, 3*130 (16°), 
2*923 (20°), and 2*706 (26°) ; in propyl alcohol, 2*498 (26°). F. L. Usher gave 0*868 c.c. 
for the solubility of carbon dioxide in a ^Af-soln. of n-propyl alcohol. W. Kunerth measured 
the solubilities in methyl, and amyl alcohols. Q. Jmt found for isobutyl alcohol, 2*088 
(16°), 1*964 (20°), and 1*849 (26°) ; in atnyl alcohol, 2*058 (16°), 1*941 (20°), and 1*831 (25°) ; 
methyl ac/:tate, 6*494 (26°) ; isobutyl acetate, 4*968 (20°), and 4*691 (26°) ; amyl acetate, 
4*850 (15°), 4*411 (20°), and 4*119 (25°); and for amyl forvuUe, 4*640 (15°), 4*329 (20°), 
and 4*026 (26°). 0. Stern represented his results with methyl alcoliol, ethyl alcohol, acetone, 
methyl acetat^,, and ethyl acetate at - 59° and — 78°#in terms of K c.c. of carbon dioxide 

• »3duced to .0° absorbed by a gram of liquid at the given press., p , hence the absorption 

coeff. is KIL where D is the sp. gr. of the liquid at the given «bmp. The following values 
of K were ootained at —69° : • • • 




m 


Methyl 

Kthyl 

Ace^ae.#, 

Methyl 

Ethyl 





alcohol. 

aIc.ohol. 

acetate. 

acetate. 

Sp. gr., D • 



. 0*866 

•0*856 

0*879 

1*032 

0*994 


100 mm. 



. 63*0 

40*86 

9f*8 

94*30 

85*3 

P 

200 mm. 



. 64*2 

41*00 

• 101*2 

98*46 

86*3 

400 nun. 



. 66*3 

42*35 

106*6* 

102*60 

91*6 


700 mm. 



.• 69*0 

44*16 

118*8 

«112*90 

101*6 


W. Kunerth measured the solubility irf amyl acetate. W. Sander expressed hw results for 
ethyl alcohol, propyl alcohol, ethyl ether, ethyl acetate, benzene, chlorobenzene, nitrobenzene, 
and toluene at 20°, 36°, 60°, and 100° in terms of the number of c.c., of carbon dioxid^ 
(reduced to one kgrm. per sq. cm.) dissolved by one c.c. of sat. soln. at the given temp. 
and«press« 

Temperature, 20°. 


P 

Ethyl 

alcohol. 

Propyl 

alcohol. 

Ethyl 

ether. 

Ethyl 

a^tate. 

Benzene. 

Chloro- 

benzene. 

Broiso- 

benzene. 

• Nitro- 
benzene. 

.Toluene. 

• • 

20 

— 

66*16 

— 

— 

71*16 

62*61 

60*83 


67*91 

30 

104*8 

86*62 

— 

188*2 

126*3 

96*22 

82*29 

92*60 

103*3 

40 

149*7 

122*10 

— 

227*9 

192*4 

137*3 

121*1 

116*9 

166*9 

60 

188*8 

174*60 

— * 


264*3 

18?*6 

160*0 

166*9 

236*8 

30 


• f 

• 

• 

Temperature, 100° 

• 

33*65 

30*56 

41‘09 

28*68 

• 40 

— 

26*6 .• 

— 

80*7 

46*62 

48*16 

41*49 

60*36 

49*26 

60 

66*06 

74*6 

101*0 

*132*0 

•91*27 

77^4 

72*64 

70*86 

«6'98 

SO 

111*2 

107*7 

142*8 

162*3 

166*8 

103*0 

• 92*86 

86*86 

117*6 

100 

146*7 

144*7 

176*4 

191*6 

212*9 

121*5 

118*0 

— 

149*0 

120* 

174*6 

176*4 

— 

— 

268*2 

140*7 

140*7 

— 

171*8 

130 

182*6 

— 

~ 

. — 

— • 

146*8 

— 

— 

176*2 1 
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Hc^’b law is not gen|mlly applicable at low temp., but in moslpcaaes at iOO®, the 
solubility is proportional tJ the press, for solvents rel^t^ chemically, e.g, benzene, ohloro* 
benzene, and bromobenzelhe, and the solu bility decreases with increasii^ moL wt. B. S. Neu* 
hausen found fhe constants of W. A. Patrick's formula — vide altpm — for methyl and elhyl 
alcohols are respectively K =:0‘0126 and 0-0103 ; nnd =0*07 and 0’055, The Values for 

the conb. C\ and press.,* p, of ethyl alcohol, ethyl acetal, and benzene are plotted in ' 
Figs. 52 to 54. A. Christoff fqpnd the solubility of carbon dioxide in one f .o. of* ethjr- 
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Flos. 62 to,64.— Solubility of Carbon Dioxido in fithyl Alcohol, Ethyl Acetate, ^Toluene. 

Ml’nbilit^^of and 6-466 e.c. at 16°; he also measured the 

^bvK^nhf i"*® <*««■>« <><=>d “d "-arbon tetrachloride, end of 

oKT “'■1?"^“ aarfwn disulphide. K. AnijstrSm gave for the dilation coeff. of soln 

i' Schwalbe and E. H. Buchner said that liquid carbon dioxide 

In "! “ proportions. M. Faraday noted that with solid wbon dioxide and 

? witeM tTi.'? P”®- ' P- Caaietet and E. (id* -7“ 

Tnd Khw^- '!• ! A. Loir and C. Drion; -81« 

to -97 ; and m vacuo, M. Faraday obtained -103°- L P Cail- 
letet and E. Colardeau, -I03%- and B. Schwalbe, -110“. L. Bleekrodo made some 

measured the f.p. of mixtures 
J ^def atud'isTrmid^w?'' and carbon dioxide. According to W.^Hempel and 
nnakim? rtf ff! ^ ^ ^ whon aq. ether is sat. with solid carbon dioxide; the com 

l^OdUlhS 3 7S6 120'f^^ Ti ‘“2 ' f'^dcAforf*. 

9.1K7 )oK°\ ^ II / n « ) ' eMglene bromtde, 2-424 (15°), 2*294 (20°) and 

3-956 (45°), 3-681 (20°), and 3-430 (25°). W. KunertVraeiu^ 

soluSv !s^oLarl« bromide, and in acetone. M. Woukoloff found the 

solubility, S, of carlTDn dioxidg in chloroform at 13° for different press., p mm. : 

a ‘ 255-48 367-64 479-i29 %89-2 694-98 7fl9-n 

8 . 0-20376 0-92016 1-4676 2-1166 *2-7860 3*39003 4-01633 4*43767 

to* found the dilation coeff. 

2- 603 (16°), 2-602 (20°) and^-294 carbon dioxide in carbon tetrachloride, 

o.om /oKoV -1 \ ' propylene brorntde, 2*686 (16°). 2*426 /20°1 .sajid ‘ 

3- S«l/l6VVm?IVl7^-ko?26^ 3 '0« (2«‘): «4i C6ton“, 

ctmp. fciel'ts.t ™bTsr^r p-fv.?? .« 

solubility of carbon dioxide in chloroberuene, 2*681 (16°); 2-420 (20°) and 2-266 
tawtetojBw 2-092 (16»), 1-964 (20"), snd 1-842 (28") Jobemnn^ Vm “s"), 1 3?i‘(2oV 
3 ^ trtchhride, 1-643 f26°) ; heftzyl chloridl, 2-180 (16°V 2-072 

2’426 (20°); and 2*306 (25°) ; henMvJk 3*304 L 6° ’ 
3-067 2-841 (26°) ; omfine, 1-631 (16°), 1-434 (20°), 1-324 (26°). M^Leb alii 

meaaurod the jwlubihty m amliae ; E. H. Buchner, in dtphenylomine ; and W K^erth 
, m aniline, and benzaldehyde. 0. Jug^ gave for the sombility of owbon dtoxide in oI 
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tolmdine, 1*639 (16“K 1*473 (20°), 1*381 t26“) ; m4oiuidwfr| 1*730 1*581 (20*1, 

and 1*436 (26*) ; pyridine, 4*291 (16*^, 3*862 (20*), and 3*666 (26*) ; carvol, 2*914 (16^, 
2 690j20*), and 2*498 426*): cumol, 1 978 (16*), 1*879 (20*), 1*7^2 ,26); e^end, 1*762 
*6*), 1*663 (20*), and 1*639 (26*) ; carvem, 2*030 (16*), 1*921 (20*), 1*802 (26*) ,* metaxylol, 
i*346 (16*), ^*216 (20*), and 2*090^26*)7 and glycerol, 0*0302 (26*). W. Kunerth ra^ur^ 
iha solubi^jty in pyridine. A. von Hammel gave for the absorption *coeff. of carbon dioxide 
in iftixtmree c<)ptaining tv grms. of glycerol iier 100 grins, of epln. at 16® : 


w . • . . • 0 

26*11 

43*72 . 

/62-14 

77'75 

90*74 

90*26 

Absorption obeff. ^ • • 1 *^6 

0*785 

• 0*639 , 

, 0 511 

•0*430 

0*404 

* 0 410 

Similarly fnr chlorHf hydrate at 15° 

' • 





• 

m; . . 17*7 • 

31*6 

38*3 

49*8* 

57^ 

68*8 

79*4 

Absorption coeff. . 0*885 

0*803 

0*781 

0*760 

0*765 

0*797 

0*903 


I. F. Homfray found solid p-azoxyphenctole does not absorb carbon dioxide ; absorption 
occurs when tljp solid is first melted,* and an isotropic liquid jls foruftd ; then a second 
increase in absorption occurs ; niT(4 thereafter the softibility decreases regularly* with rise 
of temp. ‘A. Findlaj^ and B. Shen also obtained valaes for chloral hydrate anrt sugar ^In. 
at 26°. F. L. Usher gave for soln. with 0*iC5, 0*25, 0*60, and 1*00 mol of Sucrose per litre, 
the respective absorption coeff. at 20°, 0*84600*815, 0*750, and 0*649 ; for *)hi. with 0*5 mol 
of dextrose, 0*792; mannitol, 0*782; glycine, 0*843; pyrogalhl, 0*853; guir^l, 0*887 ; 
resorcinol, 0*901 ; catechol, 0*868 ; urethane, 0*869 ; carbamide, 0*864 ; thiocarbamide, 
0*869 ; aniipyrine, 0*859 ; and acetamide, 0*879. S. Gniewosz and A. Walfisz foimd the 
absorption coeff. of petroleum to bo 1*31 at K)° and 1*17 at 20°. 

The action of carbon dioxide on blood h6w been studied by S. John,® L. Meyer. 

J. Setschenoff, etc, G. Geffcken ’ measured the solubility of carbon dioxide in colloidal 
solutions of arsenic sulphide, and of ferric hydroxid^. A. Findlay and co-workers have 
also measured the effect of colloids and fine suspensions on the solubility of carbon dioxide 
in water at 26° and various press. The solubility increased slightly with increasing cone, 
of ferric hydroxide, gelatin, silicic acid, aniline, methyl orange, blood serum, peptone, 
protopeptone, and ha?moglobin ; while the solubility diminishes slightly with increasing 
cone, of arsenious sulphide, dextrine, soluble starch, glycogen, egg-alburaen, and serum- 
albiunen. No perceptible effect was observed with silica or charcoal suspensions. When 
the solubility is increased by a given substance, the solubility curve is depressed with an 
increase of press,, and conversely. In the case of starch, and other neutral colloids, the 
solubility passes through a minimum with an increase of press. A. Findlay and G. King 
made observations on the influence of suspensions an^ colloids on the evolution of carbon 
^i^xide from^Apersaturated soln. 

t 

Special dbaervatioiis oil the adsorption of carbon dioxide by charcoal w8re 
made by P. A. Phvre and J. T. Silbermann,'* J. Hunter, L. Joulin, H. Kayser, 

L. B. Richardson and J. C, Woodhouse, f . Chappius, A. ffeychler, jl. A. Smith, 

M. W. Trat^rs, J. Dewar, J. L. Barwald, E. W. R. .Pfeiffer, etc. They showed 
the effect' of press, and temp, on the adsorption by different kind* of charcoal. 
These results have been previously discussed in connection with clirbon. Similarly 
also with the thermal effect •studjed by P. A. F^vre and*J, T. Silbermann, 
P. Chappius, J. Dewar, etc. With admixture of 95 per cent, hydrogen and 5 per 
cent, carbon dioxide, R. Lorenz and E. Wiedbrauck found that there is a high 
proportion of hydrogen adsorbed at first, the amount then falls rapidly ; while with 
carboji dicjjxide, the proportion adsorbed at first is small, but rises rapidly. 
J. Bohm discussed the adsorption of carbon dioxide by coal. C. Matignon and 
G. Marchal examined the corrosive action of carbon dioxide under 10 atm. 
press, during three years on qudftz, mica, diopiase, wollastonite, talc, asoestos, 
and glass. J. B. Hannay found that glassy silicates, horates,* and* phosphates 
adsorb carbon dioxide under press. He also found that glass at about 200° 
and 200 atm. press, readily adsorbs carbon' dioxide, ftnd retains much gas when 
cooled under pres^; if the^lass be then rapidly heatefl to fusion, the sudden 
evolution of the gas makes ihe glass froth ; whereas if slowly heated to 300°, 
tl^e gas is mven off withqut any appreciable effect. H. Kayser, J. T. Bottomley, 
L. PfaumUer, 0. Schumann, H. Krause, ilso studied* the adsorption of carbon 
dioxiffe by the walls of glass vessels, and by glass powder. R. Bunsen made 
observa^ons extending over three years, and concluded : (1) The gas condensation 
does not reabh a fixed point, even after several years ; (2) during the continuation 
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of the expenment, nolsnthstanding instantaneous or continual changes of temp, 
and press., no giving <up of the carbon dioxide if as observable ; (3) within temp, of 
4-23° to —8° a rise of temp, produces an acceleration, a fftU a Corresponding reHardar 
tion Qf the adsorptio^. In three years 5‘135 c.^. of,carbon dioxide undA standarc]^ 
conditions were adsorbed by one metre of the glass wool. As the chemical affinity 
of the silica for the basic substances in the glass is greater than that ef the'car^on 
dioxide^ the supposition of a Conlbuiation ^f the latter with the glass is precluded ; 
thus it appears that the* carbon dioxide is condensed as sulh. i The Jong Continuation 
of thfe phenomenon can be explained by an imperfect interpenetfaition oj tjie glas^ 
by the molecules of the liquid carbon dioxide. It was not proved whether after a 
sufficiently long interval of time this interpenetration becomes negligibly small 
so that the conditions Remaining the same, neither condensation nor evaporation ‘ 
of the liquid carbon dioxide takes place, although either one or the other might be 
caused l^y ^ change of rtie conditions. For every series of temp, there may be a 
corresponding series of levels of tlv^ layer of the carbon dioxide. Atm. aif behaves 
like carbon didxidi;. F. Scheermesser fomwi that sand, washed with hydrochloric 
acid an*Jl then*^alcined, slowly adsorbs tfases of carbon dioxide, and/nixtures of 
sand amf clay adsorb more* gas when moist than when dry ; the gas is given off 
in sunlight and r^-adsorbed^in the shade. J. H. van den Broek, and J. Nickles 
studied the adsorption of carbon dioxide* by soils ; G. Hufner, the adsorption of 
carbon dioxide hy hydrophane {o\}n\) ; and L. A. Munro and F. M. G. Johnson, 
the adsorption of the gas by ahnnina. 

S. von Wroblewsky, A. Reychler, and W. Hempel found that caoutchouc or 
rubber adsorbs carbon dioxide, and the first-named added that the phenomenon is 
purely physical, not chemical. J. D. Edwards and S. F. Pickering found the 
relative permeability of rubber to hydrogen and carbon dioxide is as 1 : 2*9 ; the 
rate of diffusion at 100° is about 17 times that at 0°. The permeability varies 
somewhat with the composition and age. According to G. Hufner, grey caoutchouc 
absorbs nearly its own vol. of carbon dioxide at —2°, and the sp. absorption coeff. 
increases with a rise of temp. T. Graham found that silver adsorbs 0’486 to 0*545 
vol. of carbon dioxide, and gold, 0*16 vol., and G. Neumann added that^ie found that 
29 grms. of copper ocoriuded 0*0055 to 0 0196 grm. of the gas. A. Sieverts and 
Wi Krumbhaar found that carbon dioxide dissolves neither in molted nor in solid 
copper. H. S. Taylor^iukR. M. Burns studied the adsorption* of carbon dioxide 
by nickel, cobalt, iron, copper, palladium, t&nd platinum— vide the respective metals— 
and by copper, manganese, mbalt, and silicon oxides, * 

Liquid carbon *(iioxide in a poor solvent. G, Gore ’ found tliat it dissolves camphor 
and iodine sparingly^) it dissolves fata less rapidly thaji carbon disulphide. It changes 
guttapercha into a brown colouihd substance ; apdfit makes rubber swell. L. P. Cailletet 
said that it does not dissolve sodium or calcium chloride, sodium sulphate, calcspar or 
^ chalk, stearin, paraffin, sulphur, or phosphorus. It changes potassium carbonate into 
the hydrocarbonato ; it dissolves iodine, and fatty oils sparingly. P. Villard also made 
some observations on this subject. C. Doelter studied the action of liquid carbon dioxide 
and water on silicates. E. H. Buchner found that it does not dissolve soditm, calcium, 
and mercuric, chlorides, potassium bromide, or potassium and mercuric iodides ; cupric 
or ff^rous sulphate ; silver nitrate ; sodium or calcium carbonate ; mercuric cyanide, 
silica, arsenic trioxide, metaphosphoric acid, sodium or calcium phosphide, phosphorus 
sulphide ;»^^tag|ium tluosilicate ; quaternary ammonium salts; carbon; silicon; 
aluminium' ; sulphur ; potassium ; or sodium. The following are sparingly soluble in 
this menstruum ; phosphorus iodine, bromine, boric acid, phosphorus pentachloride, 
imd antimony and arsenic tribromides. The following are completely miscible with the 
liquid ; acetylene, pentalie, amylene, benzene, p-xylene, p-diclffoit)b6nzene, acetic acid, 
camphor, and carbon disulphide ; the following are •partially •miscible : anthracene, 
phenanthrene, tri-iodomethane, p-dibromobenzene, p-chloro- or bromo-nitrobenzene, 
1.2.3- and 1.3.2-dichloroniti;pbenzene, bqpeol, ph^haUc anflydride, succinic anhydrWe, 
urea, and benzamide. IJie following have a limit^ solubility ; tribromomethane, o -br’omo 
nitrobenzene, mono- ana di-chloronitrobenzene, nitrobenzene, thymol, and urethanef 
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* § 86. The Chemical Properties of Carbon JDiozide 

The dissooiation of carbon^ dioxide by heat |ja8 been, described in connection 
with the ^action of oxygen on carbon. P. Haber and H. le Rossignol J^i^estigated 
the dissociation of carbon dioxide in tl^ flame of burning carbon nwnoxide mixed 
with oxygen. According to S. Chadwick, J. E. Ramsbottom, and ft L. Chapman,! 
dry carbon dioxide gas exposed to ultra-violet ligl\(; is partially res(^ved into 
carbon monoxide and oxygen. There is a 3 per cent, decomposition under atm. 
press., and a 46 per cent, decomposition under 36 mifl. press. The moist gas was 
not decomposed under these conditions. Probably some ozone is also formed. 

H. Herchfinkel obtained similar results, and observed that the surface of the 
mercury confining the gas acquired a yellow film*of mercuric oxide. According to 
A. Coehn and G. Sieper, with dry carbon dioxide there was an 18 per cent, decom- 
position, and when the merest trace of moisture was present, a OTO per cent, 
decomposition. Neither formic acid nor formaldehyde was formed. The water 
was not changed. The decomposition was inversely proportional to the press, and 
more than corresponded with the law of mass action. H. Tramm showed that the 
speed of combination of carbon monoxide and oxygen in ultra-violet light is the 
same for the moist or dry gas ; the retarding effect of moisture on the photo- 
decomposition of carbon dioxide is not due to am acceleration in the formation of 
carbon dioxiae but to a retardation in its decomposition^ Sulphur dioxide acts 
like water am a retarder— the oxidation of ^carbon ^monoxide ; and J. Peklo 
found that potassiim cyanide inhibits the reaction. ^ 

The readiness with w'hich carbon dioxide can be redilfed to fojmaldehyde is 
considered 4o be most suggestive in revealing the i^echanism of photosynthesis. 
This led R. Willstatter and A. Stoll to conclude 4hat carbonic acid is rearranged 
by the absorption of light energy into a formaldehyde peroxMe complex from 
which, by means of an enzymm^ -catalase- -action, formaldehyde is liberated, oxygen 
evolved, and chlorophyll regenerated^ E. Bauer ana P. Btichi found no evidence of 
the formation of formaldehyde, oxalic acid, or formic acid in the photolysis of 
carbonic acid ; the production of formaldehyde — reported by R. C. C. Baly * 
and co-workers — when carbonic acid, in the presence of a sensitive dye, is exposed 
to ligtt w^s said to be due to the decomposition of the dye itself. 0. Loew found 
that carbon dioxide in the presence of water is not reduced by exposure to snijlight. 
A. Lieben found no formic acid wa* produced after 50 hrs.’ exposure tb sunlight. 
According to A. Bach, a stream of purified carbon dioxide was passed fjjough two 
flasks, each containing a 1’5 per cent. soln. of uranium acetate. One flask was 
exposed to direct sunlight ; the other was covered witftblack paper to exclude light. 
The contents of the flask containing the soln. treated with catbon dioxide and exposed 
to sunlight alone became turbid and of a more or less greenish colour in about 20 mins. ; 
after some time, there wan a considerable deposit, which, when filtered and washed, 
had a violet colour. This pjecipitrfte, when*exposed to iir, became yellow, and Was 
transformed into a mixture of uranous and uranic hydroxides, with a trace of a 
brownie-yellow substance, probably uranium ^roxide. When the uranium peroxide 
was expos^to th# action of hydrogen peroxidf and formaldehyde, the yellowish 
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■ precipitate aequired a yeeniSh colour, and was finally transformed into the violet-* 
C substance solufclf in acetic acid. A, Bach explained the wsulte by assummg 
that a soln.^f carbonic acid in sunbght slowly forms peycarhonic acid and formal- 
dehvde 3H9C0q=2H2C04-f-H.C0.H ; and.the.percarbonic acid then d^omposes 
into hydrogen peroxide, etc., 112004=002+11262. 'R. 

could not prove the formation of the percarbonic acid. A. Bach showed ^at 
carbon dioxide and water in the presence of a dil. sulphurip acid soln. of dimethyl^ 
aniline fA.’M/at's tesi), give tbe htense^Iue reactioi^ characteristic of formal- 
dehyde, after exposure to light— diffused daylight or even the^ht from a gas- 
flame is sufficient. H. Euler said that the reacV'on^does not occur with^freshlf 
purified dimethylanilibe ; and he found that when a soln. of uranium acetate is 
exposed to sunlight, it ^ave in one hour the same precipitate of uranoils and uranic 1 
hydroxides as was obtained in half an hour from the soln. exposed to the action of 
sunlight and carbtn diojeide. The function of* the carbon dioxide.is to remove 
oxygen ffoij the soln., and it may be replaced by*a*nother indifferent gas. such as 
hydrogen or nitrogen. H. A. Spo^hr repeated the experiments of F. L. Usher and 
J. H. Piiestleyf U. Berthclot and 11 . Gaujechon, J. Stoklasa and W. Zdobnicky, 
and E. (i C. Btly and co-workers, and has failed to obtain evidence of the 
reduction of carbcgi dioxide to formaldehyde ; but A K. 8anyal and N. R. Dhar 
found that the exposure of ftioist carbon jjioxide for 72 hrs. to tropical sunlight 
produced appreciable (piantities of formaldehyde. Carbon dioxide is reduced by 
hydrogen to formic acid in the presence of palladium black ; the reaction is 
reversible, and there is no sign of iJie intermediate product, formaldehyde. E. Baur 
and co-workers could not confirm the photocatalysis of carbon dioxide by colloidal 
iron or uranium oxides, ferric chloride, or sodium uranate, as reported by B. Moore 
and T. A. Webster. The reaction was investigated by T. Thunberg, F. Weigert, 

H. H. Dixon and N. G. Bail. 0. Warburg and E. Negelein investigated the effect of 
the wave-length of light on the a.s8imilation of carbon dioxide. The yield is greatest 
in the red and least in the blue region. R. Wurmser also compared the effects of 
red, green, and blue light. 

Carbon dioxide was found by,W. Ramsay - and co-workors to be^ decomposed 
into carbon, carbon monoxide, and oxygen when exposed to radium radiations.' 
E.fWourtzel found that the action is very slow. H. Hcrchfiiikel said^he reaction 
resembles that which occiys on exposing the gas to ultra-violgt light, and that 
about one-hundredth^ the carbon dioxide is reduced to monoxide. B. Walter 
also found that the radiations from radJb-tellurium acted like ultra-viijet light on 
carbon dioxide. According *to 1 ?. Bergell, solid carbon dioxide absorbs radium 
emanation, and, (fn sublinvition, the last fraction of the gas is radioactive. 

In 1788 ^ M. Lamlriani,^ and, in 1785 , M, van ^laruin observed that carbon 
dioxide is ‘decomposed by frictitinal electricity, •fiJt the vol. of the gas is permanently 
increased, and it is no longer so readily absorbed by water. J. Dalton, W. Henry, 
and J. PlUcker noticed that the passage of electric sparks through carbon dioxide’ 
decomposed the gas into carbon monoxide and oxygen. W. Henry said : 


When the e’eotrip shock has been repeatedly passed through a portion of this acid gas, 
its bulk is enlarged, and a iJermanent gas is produced which is evidently a mixture of 
oxygenous and hydrogenous gases ; for, when an dibctric spark is passed through the gas 
that remaif^‘ oftOA the absorption of the carbonic acid by caustic alkali, it immediately 
explodes. 


The decomposition, said H. St. C. Deville, is but slight bec«iuie the spark also 
cauBes the products of the reactions to re-form carbon dioxide : 2002=200+02. 
Observations were also made by A, W. Hofmann, B, Lepsius, M. Berthelot, 
T. Andrews and P. G. Tast, H. B. Dixon and H. F^. Lowe, etc. H. Buff arfd 
A. W. Hofmann showed that when the decomposition of the carbon dioxide has 
progressed for some time, the resulting carbon monoxide and oxygen recombine 
with explosive violence. A. W. Hofmann showed that the explosion eocc^ only 
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•under special Conditions, the spark should be 2*5 to 3*f) long when the current 
is derived from two Bunsen’s cells, connected with a Ruhmkoff’s coil and a small 
Leyd^ jar. A. Smi^hcUs^ suggested carbon dioxide at low press, in, a vacuum 
llibe may Ije fairly stable in the electric discharge, but J. N. Collie found that under 
dthese conditions decomposition to tne extent of 65 per cent, •may occur in 10 secs. 
Thve evidence of recombination because, during the passage of the discharge, 
^ckeringp occurred in the tube when the negatij© electrode became hot, and the 
glow on the^hot negative ^lectrode changed frdrif the livichblue exhibifed*by the 
mixture of decon^osetf gases to the purple coloftr, which was characteristic j»rhen 
the gas was first*subjected to th^ electric discharge. The results are independent 
of the electrode, and from 5^ to 62 per cent, is foumrto hate decomposed when 
^the gas af 5-^ ram, press, is confined in an electrodeless tube. No difference was 
observed whether the undried or specially dried gas was employed. A. W. Hofmann 
found that in ^he electric arc with cron electrodes the gas .decomposed yieldinjf its 
own vol. of carbon monoxide,* awhile if the iron^'contained carbon, nwre carbon 
monoxide’was formed. B. Lepsius found that •with carbon clecti;od^8 one vol. 
of carbon dioxide yields two vols. of carbon monoxide. C. Montgmartiqi found 
that the cotona effect in circuits traversed by a continuous current de«omposes 
carbon dioxide into oxygen and carbon monoxide. * . 

T. Andrews and P, G. Tait found that carbon dioxfde is slowly decomposed by 
the silent discharge — in, say, an ozone lube— and a bronze-green deposit appears 
on the anode. A. Thenard observed that carbon monoxide and oxygen are formed, 
and that the latter is partly converted into ozoije. W, Lob said that the ozone 
which is formed re-oxidizes the carbon monoxide. Observations were made by 

B. C. Brodio, P. Hautefouillc and J. Chappius, E. Reitlinger and A. von Urbanitzky, 

A. W. Hofmann, etc, M. Berthelot noted the formation of solid carbon oxide — 
mde carbon suboxides. A. Holt found that the amount of decomposition is less 
the weaker the discharge, or the wider the annular space in the ozonizer ; and 
with a discharge of constant intensity and at varying pre.ss., the amount of dried 
gas deoomj)o.sed varies inversely as the press., while with moist gas, the amount 
decomposed varies directly as the press. : , 

FrAisure . . 30 105 300 662 60 220^ 448 628 

Docompositioi# . 48 4 31*0 19*9 2*6 3-8 6^*5 10-3 14-0 per coiit. 

• Drlwl gas » Mgist gas 

It is a88ume(J that in the moist gas at low press, the discharge is almost entirely due 
to ultra-violet light, but, as the press, increases inpre ^d more, sparks are formed 
which decompose the gas. T. Noda and E. Warburg found that with a point 
discharge, the carbon dioxide i^ decomposed to the extenl of 3«per cent., and that 
about 19 per cent, of the oxygen pftxjuced is ozonizAl. The number oT coulombs 
required to decompose a grara-eq. of carbon dioxide is only 2610, which shows that 
the 'decomposition of this gas by the silent di.scharge is not an electiplytic process. 
It is shown also that of the electrical energy supplied only 11 per cent, is converted 
into chemiofcl energy. For a negative point discharge, it appears that the amount 
of decomposition depends only on the total electricity, not on the purr»nt strength^* 
Further, the number of coulombs pej mol. of carbon dioxide decomposed increases 
as the density of the gas is diminished. It is also found that the awmber of 
coulombs falls off as the temp, rises. * * 

In 1802, N. T. de Saussure* observed that when, electric sparks are passed 
through a mixture o{ hydrogen and carbon dioxide, the vol. decreases. A similar 
observation was made*by M. Traube, A. Naumann and C. Pistor, etc. J. N. Collie 
found that with the electric discharge at low press, the carbon monoxide formed 
in *8iaiu nascendi did not produce «any detectable amoant of formaldehyde, but 
* the decomposition of the carbon dioxide appeared to be retarded by the hydrogen. 

C. Zenghelis said that the gases in a nascent state owe their activity to their being 
in an extfemqjy ffnelfr-divided condition because carbon dioxide in a sat. aq. soln. is 
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reduced by .hydrogen into the soln. through filter-paper, hr parchment.' 

The action is accelerated by sunlight or ultrt^rviolet light. Formaldehyde is the 
first product of the action. Carbon dioxide is slowly rediK^ipd by hydrogen^ when 
both gases are present in the same aq. soln. ^ * t ^ 

8 ?M. Losanitsch and M. Z. Jovitschitsch found an exposing a mixture of carbo# 
dioxide and hydrogen to .the silent discharge, some formic acid is •p:|||odqped. 
M. Berthelot said that some cMbohydrates are formed when the hydrqgen is in 
excess t nl )02 f 2 ttH 2 ^tC„H 2 n 0 „\^H 20 ; if less hydrogen is pre 8 ent„the product 
is richer in oxygen ; and if nitro&en be present a nitrogenbus |)foduct, (COHgNjn, 
or (COH 3 N)„-|-«H 20 , is formed, while in the presence of water, ainmonium nitrate 
appears. W. Lob al*o note?! that some formic acid i^ produced by the action of the 
silent discharge on a moist mixture of carbon dioxide and hydrogen ;• nd hydrogen^ 
peroxi^ was detected, but some ozone was formed, and this appears to hinder or 
prevent* the foimation of hydrogen peroxide. He represents the reactions : 
2C0o--iC^4 02; 2H24-02-2?r20; Hg+CO-if.COH; CO+H 2 O-H.CO.OH ; 
and possflily, also C() 2 -|-H 2 — ^I.CO.OH. No glycolaldehyde was * detected. 

B. Ro 3 Jip.r fouq(l formic acid is produced A^hen carbon dioxide is passed into water 
contained in th« porous pot of Bunsen’s 8 r "Grove’s cell ; and that mefre is formed 
with un-amalgan^ted than with amalgamated zinc. H. Thiele observed no result 
when a mixture of hydro||en and carbon dioxide in a quartz bulb is exposed to 
ultra-violet light; but A. Coehn and G. Sieper observed that formaldehyde is pro- 
duced with a mixture of equal vols. of carbon dioxide and hydrogen. 

A. Schrdtter tound that at a (lull red heat carbon dioxide is reduced by hydrogen 
to carbon monoxide ; G. Gore added that the reduction does not proceed so far as 
to give carbon. A. Naumann and G. Pistor observed no reduction at 900'^, and 

C. Hoitsema said that the mixture: COo f H 2 -- CO-f H 2 O can be kept a long 
time at 600" without attaining a state of equilibrium. According to M. Berthelot, 
when a mixture consisting of carbon dioxide and hydrogen is raised to a high 
temp., the state of equilibrium is established, not between the binary systems 
(0024-1^2) and (CO 4 HS), but between the more complicated system |(n-'-a)C 02 
-fn(C0-i-0)S, ri'sulting from 1 % partial dissociation of carbon dioxide and the 
partial dissociation of steam, | (m— j 3 )H 204 -) 3 (H 2 -l- 0 )|, while a* further c^n;i- 
pycation r(*sult 8 from* the dissociation of carbon monoxide which, reacts in the 
following sense, lp(’0^(^— 2 )C(l 4 -C 024 -C} 0. Boiidouard found that different 
mixtures of 1\ ydroge#^ amt carbon dioxide at 850° and at attained a state 
of equilibriuhv in a few hours, and th(# distribution of the products CJP 2 +H 2 ^C 0 
4 H 2 O were in accord witlf H.. le Chatelier’s theorem. Press, had no influence 
on the equilibrium conditions since the number of reacting mols. is the same as 
the number produoed by the reaction. The conditi(^s of equilibrium have been dis- 
cussed iif connection with tlnf reverse reactiq^i^etwecn carbon monoxide and steam. 

Reduced iron was found, by P. Sabatier and J. B. Senderens, and A. Gautier 
and P. Olausmann, to act catalytically on the reduction of carbon dioxide By 
hydrogen at 420°, forming methane. P. Sabatier and J. B. Sendeiens found that 
reduced cobalt at 300" begins to form methane, and at 360M00°, tht reacJtion is 
^apid ; reduced .nickel begins to act at 230°, and at 300° the reaction CO 24 - 4 H 2 
=CH 4 f 2H20-f4P2 Cals, occurs. S. Medsfiyth studied the action of nickel, and 
the effcoi «f the oxides of Ce, Th, Be, Cr, Al, Si, Zr, Mo, V, Sn, Mg, Cu, and Ag on 
the nickel catalyst. H. S. Elworthy and E. H. Williamson patented the application 
lor manufacturing methan^. M. Mayer and co-workers also studied the reaction. 
P. Sabatier and J, B. Senderens found reduced copper acts catalytically, CO 24 -H 2 
=C 04 -H 20 ; and that there is no appreciable foimation <rf methane with finely 
divided platinum or palladium at 420°. E. Orloff found that carbon dioxide is 
not reduced to formaldehyde by niokel or palladium *at 95°~100°, but at higher 
temp, methane and ethane are formed. Accordiiffc to A. Bach, when ^rbon 
dioxide is reduced by hydrogenized palladium, formaldehyde is produced. 
H. B. Dixon observed the reduction of carbon monoxide liy hycjfogeft when a 
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platinum spiral is electrically heated to redness in the rjized gases. E. MUller 
and H. Barck found that the reduction of carbon dioxide hydrogen is greatly 
iccelrt'ated in the presenc# of chromium and iron ; with manganese, some carbide 

formed.* A. P. Dubrunfautjourfd that when hydrogen ifk passed over calcium 
carbonat^at a red heat, carbon and water are formed ; ajmilarly also when a mixture 
of carUon dmxide and hydrogen is passed over red-hot pumice, he said that the 
^reduction occurs in two stages : CO 2 +IJ 2 — H20H*CO, and (JO-f Ho -C-f HjfO. 

According to Bubsen, if a mixture of hydrogen, oxygen, and carbon dipxido 
1^ inflaya^d, the*Atio of the reduced to the non-reduced carbon dioxide changes 
per saltujn when different pfopSrtions of the combifttiblo gases are employed. 
On the conti^ry, A. Horstmann showed that the results are quite in agreement 
•with the law of mass action, in which the equilibrium concerned is : C 02 -f H 2 
— H20-f-Cf). M. Berthelot said th|it if the mixture burns exploiively, thS carbon 
dioxide is not ‘changed, and onJ^ when the combustion proceeds slowly is carbon 
monoxide* formed. He also found that when acnixture of equal vols.^of carbon 
dioxide and oxygen in sealed tubes was Exposed to the action of a sj^ent di^harge, 
16 per cent* of the gas was decomposccb’with the formation of a^as ac^ng as a 
strong oxidizing agent. If this gas be regarded as ozon% then it is produced in the 
proportion of from 30 to 40 per cent, of the amount if oxygen set free, which is 
larger than the quantity of ozone foritled from pure oxygen. All attempts to 
isolate the gas have failed, owing to its strong oxidizing properties, and it is 
suggested that possibly percarbonic acid is formed. 

According to A. Liieben,^ at ordinary temp, hydrogen in statu nascendi does 
not reduce carbon dioxide dissolved in water, nor did W. Lob detect the formation 
of perceptible amounts of formaldehyde or formic acid under these conditions. 
A. Lieben, however, observed that carbonates of the alkalies or alkaline earths 
(not magnesium hydrocarboiiate) are reduced to formates by hydrogen in statu 
nascendi derived from the action of magnesium or platinized magnesium. Light 
has no effect on the reaction. H. Moissan found that the alkali hydrides — sodium, 
potassium, rubidium, caesium— do not react with thoroughly dried carbon dioxide 
at ordinary t«np. ; but, in the presence of the merest trace of water, between 
--SS"* and 4-b4°, potassium hydride and carbon dioxide fortn potassium formatj^. 
M. ]\Iaver and^V. Altmaver found that calcium hydride reacts with carbon dioxide : 
4CaH2+2C02-CH4*f4Ca0+CH-2H2. • 

S. M. Losanitsch and M. Z. Jovitschitech ® found that carbon Tlioxide and 
water wapou^ react under the influence of the silent discharge, producing formic 
acid, ozone, and hydrogen dioxide. W. Lob made similar ob|orvations — vide 
supra. For the action of hydrogen peroxide, vide percarbonates.. The solubility of 
carbon dioxide in water has b?en fireviously discussid. An aq. soln. hi carbon 
dioxide has the properties of a weak acid — vide the conductivity of the aq. soln. 
At atm. press., the aq. soln. gives a claret-red with blue litmus ; and^according to 
F. J. Malaguti, at a press, of two atm., the red colour is more marked. R. Kersting 
said thttt w§.ter containing 0*000004 part of carbon dioidde will colour neutral 
litmus violet. According to J. B. A. Dumas and J. S. Stas, and H. St« C. Deville, 
a soln. coloured claret-red by litmus has its original colour restored by exposure to 
air, owing to the escape of carbon dioxide. The colour is quickly discharged by 
boiling the soln. According to F. A. Fliickiger, and H. Rebenst3rff, a* soln. of 
phenolphthalein reddened by sodium hydroxide is decolorized by carbon dioxide. 
The colour with methyl orange is scarcely affected by carbonic acid, but B. von 
Szyszkowsky found a*»at. soln. ,of sodium chloride coloured with methyl orange is 
more sensitive to carbonic acid than is an aq. soln. The feeble acidity of carbonic 
aci(^ explains why only the ‘more electropositive metals a^ affected by this acid— 
*>ide the action of the metals on carbonic acid. Carbonic acid is stronger than 
tartaric* acid (D. A. Goldammer), nitrous acid (C. Marie and R. Marquis, J. Meunier, 
and R. R| Moore), ajd boric acid (L. Griinhut). R. Hbber studied the effect of 
carbonic acid on the alkalinity of bl^. 
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H MoAn’ !oui«f tW ottay temf fluome does not react with 
carbon Z'T. J.^hM fonnJ that. carbonM chloride IS formed when a nax- 
ture of c&rhon dioxide and cbiorine is passed over reddiot carbon. ACCOTmng ^ 
B. Lucion, dry chlorijie at and at a btigh^red js without actioti on carbon . 
dioxide. With clilorine and moist carbon dioxide, however, hydrogen fhlori^ is 
formed in the usual way ;* bb nor cent, of the chlorine di8ap|)eareil in this way 
when the*carbon dioxide was mVi'd with ^8 per cent, of ifhlorine ; when* however, 
the chlorine formed orlly one per«cent. of the mixture, thei onl}^!! jfer cent, of it 
was •converted into hydrogen chloride. With air as diluent, jul^ the reverse to(jk 
place, and the {)ercpiages*of chlorine attacked VeK 14 in the first instance and 
80 with the one per cent mixture. According to J. Dewar, carbon dioxiSe mixed 
with many substances find at high press, behaves as if it formed unstaSle compounded 
which are deconyiosed and reproduced according to the conditions of the experi- 
ment ; wijh bromine at 40*^ an4 60 atm. press., twg) distinct layers fire formed one 
of which it liquid carbon dioxid (4 with a little brfimine in soln. ; at 90 atm. press, 
the two liquMs are miscibh* ; with carbon dioxide and hydrogen chloride lique- 
faction* occur8*!|t • • . 


Pressure 


3G0 


390 


HfC 

43-8 


IDT 

48-2 


IS.'*" 

690 


34 - 0 ’ 

83*0 


35 ' 0 “ 

90’0 atm, 


H, Muller stated that an aip soln. of sodium chloride is decomposed by carbon 
dioxide with the evolution of hydrogim chloride, and H. Schulz said that if a 5 per 
cent. soln. be tinted with 0 (X)l*per cent, of methyl violet, the colour is destroyed 
by })a8sing carbon dioxide through the soln. J. liohmann and B. Malachowsky 
added that the decoloration is really due to the precipitation of the methyl violet 
by the salts in soln. N. N. Beketolt observed no change when a dil. soln. of barium 
chloride or calcium chloride is treated with carbon dioxide under 40-45 atm. press. 
H. Muller, however, observed that lead chloride gives a precipitate of lead chloro- 
carbonatc. W. Spring found ^h,ut wb^ji^rbon dioxide is passed over lead chloride 
at 40(f-5(Xf , chlorine is given off. KrBtruve, &ni j^ Pellagri found that potassium 
iodide, in the presence of wakf:, is deconiposed^ByoMli**^^ ^nd . added 
G. Papasogli, if the |>otasaium iodide is quite pure, no decomposition oCCuit it- 
(frdinary temp., but at a* higher /.cm})., hydrogen iodide is set free. 

A. J. Balard four^ that hsrpochlorites aie deconqiosed by jarbon dioxide, and 
chlorine monoxide iifset free, J. L. Gay Lussac found that the reaction is incomplete 
when the hypochlorites ar^in soln. A. W. Williamson studied the action of jearbon 
dioxide on barium hypochlorite ; and J. Kolb, H. G. de Claubry, A. Morin, and 
C. Gopner the lotion on calcium hypochlorite (</.v.). N. A. E. Millon stated that 
the chlorites are flccomposqd by carbon dioxjde. According to G. Papasogli, and 
C. F. Cross, potassium lodate alone is not decomposed by carbon dioxide, but if 
some potassium iodide is also present, iodine is set free. M. Grdger found that the 
reaction is iilbompleto. 

G. Chevrier® found that carbonyl suljdiide (g.v.) is formed when^a mixture of 
sulphur vapour and carbon dioxide is exposed to the silent discharge ; and A. Cossa 
foimd that the tfime product is obtained when carbon dioxide acts on boiling sulphur. 
M. JBerthelot, however, said that dry carbon dioxide has no action on boiling sulphur, 
and tha*l\he amall quantity of carbonyl sulphide which is formed when a mixture 
of sulphur vapour and carbon dioxide is passed through a red-hot porcelain tube is 
derived from the carbon* monoxide produced by the dissociation of the carbon 
dioxide. S. Petuchoif could detect no carbon as a result of tJAs Operation. A. Smith 
and W. B. Holmes showed that when molten sulphur is treated with carbon 
dioxide it does not give the insoluble form when cold.* S. Petuchoff found th|t at 
1200'’, sulphur, and carbon dioxide derived from ths decomposition of carbonates^ 
produces carbon monoxide, sulphur dioxide, and carbon. H. Kohler plissed a 
mixture of carbon dioxide and hydrogen sulphidi through a red-hot^tnbe and 
found sulphur, carbon monoxide„and water are formed : COg^HjSs&CO^HgO-f S. 
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ri^ reaction is possibly : C02^-H2S~C0S-fH20, but*tiie carbonyl sulphide is 
iecomposed at the temp, of the exjDeriment. A. Gautier repiesented the reaction : 
§€O^9H28=^3COS-f^5C0H-H2+SH2O+6S; no hydrocarbons were found. 
M.^erthefot found that wheji^a mixture of carbon dioxide and hydrogen si||phide 
*18 expose;} to the silent discharge, each gas is decomposed separately and the products 
rea^t, fbrming sulphur dioxide, and trioxide. B. Holmberg noted that when carbon 
^oxide Is passed into an alcoholic soln. of PQt^hsium hydrosolphide,. potassium 
ethylcarborihte, notassinmftiydrocarbonate, etc., are formed f KSH-}-C02+C2H50H 
^KO.CO.OCaHjrf ; and KSH+COa+H.O-H.S-fKHCOs. E. Bcr> and 
X. Rittener represent the acti§n df carbon dioxide on sq^um S^phide at 14° and 80° 
by: NaoKfCOo-fHaO-NaSH-f-NaHCOg, and NaSH-f-CO^-f HoO^NaHCOg+HgS 
respectively.* E, Berl and A. Rittener, and L. A. Buchner studied the action of carbon 
dioxide on calcium hydrosulphide, Ca(SH)2 : and M. Berthelot, the action <>n potas- 
sium polysulphide. The physipal properties of niixed carbon dioxide and sulphar 
dioxide have been previously disffussed — vide sup^, and 1 . 4, 8. M. Berjhelot found 
that when potassium sulphite or hydr(^ul})hite is heated to redness in a stream of 
carbon dioxide, the alkali sulphate, poly«ilphide, and a little carbonate are •formed ; 
while under similar conditions carbon dioxide does notact on pot&SSium*SUlphEt6. 
J. Davy said that water sat. with carbon dioxide under press, has no more action 
on dihydrated calcium sulphate than has water alone.* 

N. T. de Saussure ® observed that carbon dioxide is reduced to carbon monoxide 
when heated in the presence of carbon. V. A. Jacquelain studied the slow combus- 
tion of carbon in an atm. of carbon dioxide when heated by the oxyhydrogen flame, 
or by the carbon monoxide-oxygen flame. A. P. Dubrunfaut stated that if hydrogen 
or moisture ho excluded, carbon does not reduce carbon dioxide. J. B. A. Dumas 
said that at a red heat the reduction of dried carbon dioxide is effected by dried 
carbon. This subject has been discussed in connection with the action of oxygen 
on carbon. B. Rathke gave for the heat of reduction - 36’7 Cals., 

and stated that the reaction is incomplete at a red heat. According to B. Unger, 
the reduction does not occur at 960° ; this statement, however, is not correct. 
P. Sabatier {wid J. B. Senderens could detect n# action between 230° and 400° ; 
?\..*Naumanii and i'. Pistor said that the reaction sets in abqpt 550° ; 0. Boudouard 
said that no*reduction is appreciable below 450°, and at. 950° the reaction is cofn- 
pletc. The reversibility of the reaction was establishcdjby JI. St. C. Devillo about 
1864, and the equilibrium conditions havc^been discussed ifi connection with the 
action of oxygen on carbon. H. von Jiiptner studied ^-he equilibria of the gases in 
gas producers. C. A. Parsons showed that when carbon is electrically heated in an 
atm. of carbon dioxide under press., carbon monoxide 4b alraoelt wholly formed. 
M. Foix found that the dianioifd haj[ practically no action on cafbon dioxide, so that 
the reaction C02+Cdii,non(i=2C0 is not reversible. G. Gore observed no reduction 
of carbon dioxide to carbon when it is heated with hydrocarbons. J. Lang found 
that the reduction of carbon dioxide by methane begins between TW” and 8<X)° ; 
the r^ctio|i is very slow between 703° and 814° ; above this, carbon monoxide is 
formed in proportions increasing with the rise of temp., and some carbon is formed 
above 1000°. P. and A. Thenard observed that a mixture of carbon monoxide and 
methane in the silent electric dischari^e gives a liquid product ; and W. Lob showed 
that carbon monoxide and hydrogen are formed. A. Frank obser¥ed fJlJit when a 
mixture of acetylene and carbon dioxide is heated, or exposed under press, to the 
silent discharge, amorphous carbon is formed : 2C2H2+G02==2H20 -f 5C. J . Dewar 
found that when* e<lual vols. of acetylene and carbon dioxide are liquefied, the 
incompletely miscible liquids* mix completely at 13° and 25' 23 atm., 26’ 8° and 
34;; 1 atm., 41° and 76'52«atm. Similar phenomena were observed with carbon 
• dioxide and and S. Miyamoto foudd that a silbnt discharge through the 

vapoift of benzene and carbon dioxide forms a phenol, CgoUgoOg. W. Lob 
observe^ that the action of the silent discharge on a mixture of 6^1 alcohol» 
carbon ^oxide, an6 water vapour gave muc^ carbon monoidde, some formal* 
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dehyde and •formic acid •and traces of acetaldehyde. J. Dewar found that with 
mixtures of carbon, dioxide and ether, at *20° and 20 atm. the gases con- 
dense to a liquid in which the two constituents are imscibBe in all propo^ons# 
a serration occurs at 42^ and 55 atm., -and at 68° and 110 atm. -J Dewar, ^ 
and J. 1>. Kuenen studied the condensation phenomena with mixtures pf ca^on 
dioxide and chloroform. Adbording to P. Scbiitzenberger, carbonyl chloride is*formed 
when a mucture of carbon dioxidd^pd carbon tetrocbloridois passed tbroi^h a red- 
hot tub*e packed with ^>umice-8tone : C02*-|-CCl4=2C0il2.. J. I^waif studied the 
condftisatiou phenomena with mixtures of carbon dioxide and caeLon tetrachloride, 
and with methyl chbhde. «As previously indicated ,»a mixture of carbon dioxide 
and carbon disulphide when passed through a hot tube furnishes carbonyl s'ulphide. 
The conditions were studied by W. Hempel. The reaction was also studied by 
A. Deniager. When the mixed gases arc passed over heated copper, A. Eiolart 
observed a reaction repifisentcd : C02-f L'S2^4Qu=2CO-f 2Cu2S.» M. Thilorier 
said that fiquid carbon dioxide ^nd disulphide %re miscible in all proportions. 

L. P. Cailletefr said the miscibility (‘xtendo only over a limited range. J. Dewar 
found at 19°, effrbon dioxide liquefies in thi4 presence of carbon disulphide at 49 atm. 
press. ; jfb 35°, at 78 atm. ; at 40°, at 85 atm. ; and at 58°, at 110 atm. press. 
The liquid carbon'dioxide then floats on the surface of the disulphide ; at 47° and 
80 atm., the layers of liquid are not so well marked; at 110 atm., the upper liquid 
almost wholly disappeared, and on reducing the i)ress. to 80 atm. the liquids were 
completely mixed. A reduction of 5 atm. in the press, caused the liquid again to 
separate into layers. J. A. Wanklyn found that acetic acid is formed when carbon 
dioxide reacts with sodium methyl, and propionic acid, with sodium ethyl. Numerous 
other reactions of carbon dioxide with organic compounds have been rj'ported by 
K. Brunner, etc. For the action of carbon dioxides on the carbonates, vide the 
metal hydrocarbonat('S. (1. (lore observed no separation of carbon when the 
vapour of ammonium carbonate and carbon dioxide are passed through a red-hot 
tube. Ij. Naudin and F. de Montholon said that dry carbon dioxide has no action 
on dried potassium cyanide ; but in the presence of water, hydrocyanic acid and 
potassium carbonate are slowly* formed. Wh(‘n carbon dioxide '\^ passed over 
heated potassium thiqpyanate, J. Milbaucr found that snljihur, carbonyl sulphide, 
erftbon monoxide, and, potas^um cyanate are formed : KCN^l=KCN-j-S ; 
K0N~[- C02“C0-j-K0^0 ^ or KCNS-}-C02“lvCNO-j"POS ; •iid COS^CO-hS. 

G. Gigli found that aSoIn. of potassium.ferrocyanide, sat. with carbon dioxide gave 
some hydrocyanic acid whep distilled, and a greenish product, probably potassium 
ferrous ferrocyanide, K2Fe(Fe(^y6b was formed. The reaction is not essentially 
different from tlAt between sulphuric acid and potassium ferrocyanide. J. Matuschek 
represented the rektion by; 2K4FeCy6-f4^2-f^H20+0=2Fe(0H)3+4K2C03 
•f r2HCy ; and with potassium ferricyanide? ^8FeCy6-j-3C02+9H20=2Fc(0H)3 
-|-3K2C03“f 12HCy. In both cases the potassium carbonate and hydrocyanic acid 
react giving dlnmonia and formic acid. C. L. Carey studied the absorption of 
carbon dioxide by gels of agar-agar, gelatine, and starch. ^ 

G. Gore fouml that silicon does not decompose carbon dioxide in ^lie presence 
of water, and tlmi. a mixture of silicon tetrafluoride and carbon dioxide is not 
changed when passed through a red-hot tube. • L. Doveri, C. Struckmann, A. John- 
stone, C. tbeltcf, W. P. Headdon, C. G. C. Bischof, W. R. and R. E. Rogers, H. St. C. 
Deville, T. Dietrich, A. Cossa, A. Pavesi and E. Rotondi, R. J. Muller, etc., have 
studied the action of carbfm dioxide or aq. soln. of carbon dioxide on silica or 
silicate rocks— vtdc th^ silicates. H. Herbst found the gas* is* not adsorbed by 
silicic acid. R. Bunsen studied the action on glasd of water charged with carbon 
dioxide imder press. L. Pfaundler believed that a chemical action occurs, for, 
when a strong light is projected upoif a glass •tube fjjled with compressed carkn 
dioxide near its critical point, the surface of the glass above the level of the liquefied 
gas is found to be corroded as though with hydrofluoric acid. It is thu^ not im- 
probable that a chemical action, ^ected within a few minutel undei*the influence 
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of a strong press, and intense light, can proceed slowly, liader a slight press, and 
[ordinary daylight. H. Weil, and B. von Szyszkowsky found that idtramarine in 
liontact with soln. of ^dium chloride charged with carbon dioxide gives off hydrogen 
^ulphide ; ‘and P. N. Raikow found that ultramarine is not changed after ^t has 
peen in (;ontact with carbon aioxide for many hours. D. Gerasimoff studied the 
jetton \)f carbon dioxide on alkali titanates. H. Herbst found carbon dioxide is 
not adsorbed by wad, dried wood, paraffin, or snffiT. , 

P. Briegleb a^d A.djeitherii observed that, carbon diokide reacts witlf heated 
magnesium nitriw, producing cyanogen, carbon, and carbon monoxide, F. Wohler 
found that when a mixture §i (tried ammonia and carbon dioxidt; is moderately 
heated, asnmonium carbamate, NH 2 .COONH 4 , and at a higfier temp., carbamide, 
C 0 (NH 2 ) 2 , and ammonium carbamate arc formed ; but, aJdtHl R. E. Hughes and 
F. Soddy, if the two gases are thoroughly dried no reaction occurs. E. C. Baly 
and CO- worker's studied the pjioto'synthesis of n|iturally«oeouri1ng nitrogen com- 
pounds from carbon dioxide ^nd ammonia. ^E. Rongade found J’itli sodio* 
ammonium, NaNH 3 , below —50", sodiiim carbamate, NIl 2 .COONa, is produced. 
Similarly also with pOtassioammoniUQlkvKNHs. At a rather highiPr temp,, —lif 
to —5" with potassioammoiiium, and —35'^ to - -25° with sodioammbnium, •hydrogen 
is liberated and the alkali formates are prodiux'd. F. Beilsteiii and A. Geutlier 
observed that with sodium amide, NaNJlo, dried carbon dioxide forms cyanamide. 
The reaction has been studied by W. P. Winter, and E. Drechsel ; according 
to the latter, the reaction progresses in stages: NaNHo I CO.; - NIIXOONa ; 
NILCOONa -HsO+NaCNO ; and NaCNO-f NaNH 2 - H.,OH-Na,,CN 2 . J. Dewar 
found that carbon dioxide and nitrous oxide, when li(pieli(‘d, mix together in all 
proportions ; and on reducing the press., one liquid evaporatc's before the other, 
and gives a distinct line of separation. R. B. M(jore liberat(‘d nitrogen oxide from 
soln. of potassium nitrite, sodium nitrite, and silver nitrite by (arbon dioxide. 

E. R. Marie obtained a similar result with a soln. of potassium nitrite. D. Huizinga 
st at(Hl that carbon dioxide liberates nitrous acid from ammonium nitrite, but, added 
E. von (lorup-Bosanoz. only if a trace of hydrochloric acid is present. E. Meunier 
said that carbon dioxide (loes not liberate nitrons acid from sodium nitrit(\ but 
fJ, •Marie and R. Marquis claim that this is wrong becai|se (i) Purified carbon 
dioxide was passed into a soln. of sodium nitrite^ containing potassium iodide atid 
starch paste ; the •development of a blue colour indica^sd the liberation of iodine 
by nitrous acid ; (ii) A soln, of potaBsium^ iodide and sodiiTfti nitrite produced no 
coloration irf chloroform, whilst a similar soln. sat. wijji carbon dioxide caused the 
chloroform to bc'corne violet ; (iii) A soln. of p» 3 tassium iodide and starch was 
coloured blue by carbon dioxid(i which had previously passed tlTrou|/li a soln. of 
sodiuiii nitrite ; and (iv) an «q. soln, of jS-naphthylamine and sulpfi^uilic acid, 
which gives an orange-red colour with even traces of nitrous acid, gives^the same 
reaction when carbon dioxide is passed into a soln. of sodium nitrite. 

According to A. R, Leeds, i'- moist phosphorus does not reduce cafbon dioxide to ’ 
the mpnoxidc, but it forms phosphine. J. H. Niemann found that liquid carbon 
dioxide is not affected by phosphorus. According to L. P. Cailletct and M. Bordet, 
when a mixture of equal vols. of pho.sphine and carbon dioxide is tomjJressed in the 
presence of water a white crystallinff body is formed without any gaseous resfdue ; 
the solid is a mixture of phosphonium hydroxide, and hydrated 4 :arb(Jif dioxide ; 
and it is not formed above 22°. M. Berthelot said that when a mixture of phosphine 
aud carbon dioxide is passed through a tube at dull redtiess, there is no evidence of 
the formation of •hj^ocarbons, and at a bright red heat; carbon monoxide and 
hydrogen are formed ; while G. Gore said that no carbon is produced under these 
conditions. T. E. Thorpetand A. E. Tutton found that carbon dioxide does not 
• act on phosphorus trioidde ^either ^t ordin^y temp. or*when heated. According 
to J. Bewar, when a mixture of carbon dioxide and phosphorus trichloride is com- 
pressed ^t 16*2° and 42 95 atm. or at 23° and 46*91 atm., the gases liquefy— the 
carbon dioxidfe condenses first, and the liquids npx together in a few minutes. At 
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JO” and 49-9f atm tk dkrto/i dioxide is less soluble in the liquid phMphorus te- 

chlo“ethaf. flow. temp. According to A. Banll^ry carbon dtoxA 

act on dry cald'nm phoaphate. He found that the matal jthosphates in conta 
with t^ater under press, behave like calcium phosphate and form carbonatopnos; 
pbatea (vide 3 . 24, i)}-e.g. the phosphates of the alkalies and alkaline earths, 
ammonium, and niagnesiiiirf. These all form hydrocarbonates. The> othei* phos- 
phates simp/y dissolve in the carl|[)Qic acid without decomfkisition. F. K, t^lameron 
and A. iieidelJ said thift the presence of carbon dioxide^oes not^affecl the action 
of waiter on calcium hydrophosphate, but it raises the quantity disso^vqd phos- 
phoric acid in the easy of calcium dihydrophosphatt', afld normal calcium phosphate. 

J. Davy said that water sat. with carbon dioxide under press, dissolves normal 
calcium phosphate ratker more than docs water alone "i'iVic calcium phosphates. 
SI. Shi'filicrd observed no reduction of carbon dioxide to the monoxide when in the 
presence of feiTohs phosphate and exposed to ligjit. E. N. Horsford, however, 
said that* admixture of carbon dioyde, in the presimcc of water, sodium phosphate, 
and h'rrous sulfihate, is reduced to carlwn monoxide in light or in darkness. 
H. Htruve has Slso .studied the reaction. LJ. Henderson and 0. F. Black studied 
the cfjuilrtjrium condition.s Ivstween carbon dioxide, sodium hydrocarbonate, hydro- 
phosphate, anti dihydropliosphate. I). (Jerasimot! investigated the action of 
carbon dioxidi' on tin* alkal* vanadates, tantalates, and columbates. 

Accortling to it. litirenz,*-'^ boron at a red heat reduces carbon dioxide to boron 
trioxide and carbon. Ji. Jones found that an t'xcesH of carbon dioxide in contact 
with the borates can slowly disjilace the boric acid. J. Davy observed no difference 
in the action of water .sat. with carbon dioxide under pre.ss. and of water alone on 
alumina. D. Gerasimolf studied the action of carbon dioxide on the alkali 
alnminates, and tungstates. E. Schwei/.er .showed that carbon dioxide converts 
potassium chromate in aq. soln. into potassium dichromatc and carbonate. The 
reaction was studieil by P. Sabatier, F. Mohr, (‘tc. A. Bach’s observation.s on the 
action of carbon dioxide on soln. of uranium salts hav(‘ liecn discussed in connection 


with the action of light on carbon dioxide and water. The reaction has also been 
investigatt'd by H, Euler, F. L. IJAer and J. H. Priestley, E. Mameli atd G. Pollacci, 
A. J. Ewart, etc. ^ ' 

•* H. Davy,i^ and J. L. (itay Eus.sjic and L. J. Thenard found that wheti heated with 
potassium or sodium, qfirlntn dioxide is reduced to carbon, and soflie alkali carbonate 
is formed, bl. DrecliSel said that sodiqm, mixed with some calcined quartz sand, 
absorbs dried carbon dioxijjle at 260'' and forms some sodium oxalSte ; similar 
results were obtained with a 2 ])er*cent. sodium amalgam. H. Kolbe and R. Schmidt 
found that if kcfTt in a warm moist atm. of carbon dioxide for 24 hrs., potassium is 
converted into a nfixture of jiotassiuiu hydroyarbiMate and formate : 2K-f 200-2 
+Hj0=kH(J03+H.(!00K ; M. Ballo gim 2H2C03+2K=KHC03+H.C'00K 
H. Kolbe and R. Schmidt added that the yield of formate with sodium is 
less than with^fiotassium. A. Lichen found that 0’5 to 3 0 per cent, potassium and 
sodium amalgams, or barium amalgam with aq. soln. of carbon dioxid,?, furnish a 
mixed soln. of hydrocarbonate and formate. Light had no influence on the 
result. Aledholitf soln. behave similarly. Small quantities are also formed if 
phosphoric or sulphuric acid be present, but ?he amount of formic acid produced 
decreases*, ^ith increasing proportions of the mineral acid. C. Kippenberger, and 
A. Bach also obtained formic acid by the action of the alkali amalgams on carbonic 
acid. H. Moissan found thfat calcium at a dull red heat reduces carbon dioxide, 
forming calcium oxide find carbon. G. Gore said that pota^uin and sodium are 
not affected by liquid carbon dioxide. M. Thiloner stated that liquid carbon 
dioxide is decomposed by potassium, and L. P. Cailletet added that liquid carbon 
dioxide is not reduced by sodium oil sodium amalgam, but that some sodium 
hydrocarbonate is formed owing to the presence of a trace of moisture in the liquid. 
H. Limpricht stated that at a dark red heat copper reduces carbon dioxii^e to the 
monoxide ; but A. Perrot observed no reduction either at a bright red heat or at a 
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^all red heat when purified coppcfr was used ; reductiofi ocaurred if th^ copper con- 
tained a trace of iron or zinc ; whila, according to A. Schrfitter, copper decomposes 
|irbon dioxide at a bright jed heat only when hydrogen is present. E. Lautemann, 
0. L. Erdmann, and G. Neumann ha^ve made observations on this subject. Accord- 
ing to M. Thilorier, copper is nbt affected by liquid carbon diojcide. • 

f . Barlfinson found that magpesinm at a red heat burns with incandescence in 
ftShrbon dioxide and carbpn is formed. F. Kesslew isolated the carbon by washing 
the product of the reacJioi|with dil. nitric acid.* u. Winkleasaid that mhcbof the 
carbon reacts wi{^the carbon dioxide forming carbon monoxide, which is thcr^ffore 
a secondafy product of the rcjctifii H. R. Ellis found that the amorphous carbon 
contains* jnuch graphite. The reaction has also bccfi discuftsed by V. Wartha, 
H. Cretier, ifnd T. L. Phipson. According to K. Brunner, magnesium powder 
burns on solid carbon dioxide producing a grey cake which, when treated with dil. 
hydrochloric acid, leaves black tlccks of carbon. According to MtBallo, S.'Kappel, 
and G. Gjprgis, magnesium dissdlres in a soln. of carbonic acid with the evolution of 
hydrogen and the formation of magnesium carbonate which dissolved as hydro- 
carbonate in the excess of the soln. A. Lieben found that a littl^formic, acid is 
produced by the action of an aq. sofn. of carbonic acid on magnesiun^ with or 
without the addition of traces of acid ; H. J. H. Fenton*obtained formaldehyde as a 
result of this reaction, and the yield was considerably«incrcas(Ml in the presence of 
feeble bases— like ammonia, aluminium hydroxide, aniline, etc. A. Lieben obtained 
formic acid as a result of treating an aq. soln. of carbonic acid with magnesium in 
the presence of sodium phosphate, ammonium carbonate, or potassium Hul})hate, 
and baryta- water ; lie also found that zinc reacts with carbonic acid like magnesium, 
and that platinized zinc does not reduce carbon dioxide either in alkaline or am- 
moniacal soln. According to M. Thilorier, zinc, is not affected by liquid carbon 
dioxule. H Jalm found that moist carbon dioxide is reduced to the dioxide when 
heated with zinc-dust. N. T. do Saussure said that in the presence of mercury the 
passage of electric sparks through carbon dioxide ])roduces mercuric oxide with the 
separation of carbon. W. von Bolton found that nuircury vapour in the presence 
of moisture separates some carbon from carboi\ dioxide. J. D. van der Plants 
%ttdied the vaporization and surface tension of mercury in an atm. of carbon 
dioxide. N.*Wendcr found that moist carbon dioxide at t high press, has but a 
very slight action^n aluminium. A. Guntz amf A. Maf^on found that, as a rule, 
finely powdered aluminium is only slightly affected when lu^-cd in carbon dioxide, 
but the commercial powder often becomes incandescent under theift} conditions, 
and some aluminium carbide is formed. If a traqo ofliluminium chloride or iodide 
is present, the conversion to carbide is more or less complete. A. ticbon found that 
aluminium behaves like magnesium towarils carbonic acid, and with aluminium 
amalgam in the presence of alkali SaUs, small quantities of formates art; produced. 
K. Brunner found that aluimnium powder burns on solid carbon dioxide and gives 
a dense graphitic carbon. A. Guntz found that finely divided manganese burns in 
carboy dioxide, forming manganese oxide ; E. Miiller and H. Barck showed that some 
manganose'earbide is also formed at 8l]0°, The solubility of lead in water is decreased 
by carbonic acid. The subject has been investigated by G. ^logel, M. MUller 
F. Clowes, E, Reichardt, C. Gulden«teeden-Egeling, G. A, Barbaglia and P. Gucci, 
S. Buzicka, G. von Knorre, etc . — vide lead. According to M. Thilorier, k;ad is not 
affected by liquid carbon dioxide. N. T. de Saussure observed that when iron is 
heated in carbon dioxide, ferrous and ferric oxidejs arp formed and carbon is pro- 
duced. G. Tissandkr also noted the formation of carbon monoxide. J. B. A. Dumas, 
and J. Braithwaite ihade some observations on this subject ; and P. Sabatier and 
J. B. Senderens said that parbon dioxide is not perceptibly reduced by iron between 
3So° and 450°. M. Thilorier saick iron is mot affected* by liquid carbon dioxide, 
Accofding to G. Besseyre, hydrogen is given off in the action of carbon dioxide and 
water on iron, if air be excluded, and ferrous carbonate pa^es into soln. If the 
excess of carbon dlbxide be removed and air has access, ferric hydroxide separates 
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and 400°. I. Langmuir observed no spluttering of ptetmum, or platmum-rhc^um, 
wires in carbon dioxide at ^00°. but with the latter it began at 1400,°. T#Eiftch 
found that the spluttering of irj^um in carbon dioxide i/icreases with the rise of 
temp., find this more rapidly thh»in a mitturc of oxy^n and ^trogen ; and he 
suggested that the action involved the oxidation and deoxiaatiop,of indium, 4002 
-hlr^IrO^HCO. ^ 

Carbon dioxide reacts \fith many of the metal Oxides and hydroxides, form- 
ing carbonates — e.r/, the oxides or hydroxides of the alkalies and alkaline earths. 
F. K. Cameron and \f. 0. Kobinson studied the action on metal hydroxides 
of carbon dioxidg under pr<'ss. at 0°. Ked-hot stannous OXide was found by 
A Wagijcr, to reduce cifrbon dit^xidc to the moi^)5:ide ; and when a niixture of 
ferrous chl(»iido and sodium carbonate is heated to r(;dnes8 in a stream of carbon 


from the soln. C. v<jn Hauer, 0. Krohi^e,- P. Petit and J.^Ae and 
F. W. Hinric^sen have studied this subject— iron. I. L. Bell noted that carbon 
dioxide is soon reduced by finely divided nickel at a ^ull Bed heat; and, added 
P orrri T Tt no aupreciable reduction occurs between 230 


dioxide, some carbon monoxide is formed.* L. Gruner found that ferrous oxide is 
transforhied in^y fcrrosoferrie oxide wbcu Ifeated in a stri'am of carbon dioxide, 
but there is no separation* of carbon. F. Forster studied the action of carbon 
dioxide on lead oxide. Ac<*ording to W. F. Channing, enough heat is developed 
by solid potassium and sodium hydroxide in contuet with solid carbon dioxide, 
to inflame gun-cotton ; there is no rise of teni]). with barium, strontium, and 
calcium oxides, but there is with the corresponding liydroxides. No perceptible 
heating occurs with lead, zinc, and copper oxides, but there is a slight heating effect 
with the hydroxides. K. Gilchrist investigated th(‘ use of solid sodium hydroxide 
as an absorbent for carbon dioxide in mine re.scue apparatus. K. Bubrisay 
studied the neutralization of carbonic acid by sodium hydroxide. According to 
L. P. Cailletct, liquid carbon dioxide reacts with potassium carbonate, forming a 
complex which remains in soln. possibly as potassium psrrocarbonate, K 0 CO 5 CO 2 . 

With our present knowledge two carbonic acids appear possible. Ortho- 
carbonic acid corresponding with^C(OH) 4 , or H 4 CO 4 , is not known, although some 
orthocarbonates are known— c.y. ethyl orthocarbonate, C(OC 2 H 5 ) 4 , was prepaK‘d 
by H. Bassctt.i** K. V.'ilke considers it probable that aq. soln. of carbon dioxide 
cohtain orthocarbonic acid. Tbd ordinary carbonates are realty metacarbonates 
derived from metacai;)i.oni6 acid, CO(OH) 2 , so that metacarbonic acid is the first 
dcliydration product of orthocarbonic ' acid. The so-called formic acid may be 
regarded as a derivative of metacarbonic acid made by replacing one hydroxyl 
group by hydrog^ui ; 


HO. p AM 
Ortliocurbonic uclU. 



Metacarbonic acid is a weak dibasic acid, and it furnishes a scries of hydrocarbojiates 
in which the group HCO 3 acts as a monad radicle, and a series of normal carbonates 
in which the ^^roup CO 3 act-s as a dyad radicle. The constitutions of carbonic acid 
^ and each of these types of salts are usually repucsented : 


Carbonic add, UjCOs. 


HO 

KO 


>CO 


rotassium hydrocar- 
bonatc, KHCOa. 


Potasslnm car* 
bonitte, KjCOj. 


The metacarbonates also furnish some complex salts, individual carbonates 
are discussed in connection^ with the niifitals. Jt F. Armand discussed the geneml 
problem as early as 1804. The carbonates are all decomposed by treatment^ with 
the mineral acids, although the native carbonates of magnesium— magnesite, and 
dolomite— and of iron— siderite— do not effervesce with the 6old mitieraf acids ; 
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but if the carbonate be powdered or the acid be warnSed,idissolution i^mdily occurs, 
and carbon dioxide is evolved. The carbonates of the alkaliye earths are sparingly 
soluble in water, and wh^n an aq. soln. of a hydroxide of one of these earths is 
exposed to the action of carbon diqxide, the soln. becomes turbid and a voluminous 
precipitate of the carbonate \% formed in the cold. The precipitate soon becomes 
ccftipact and crystalline when the liquid is warmed. ]«ime- water or baryta-water is 
'therefore used in the detection of carbon dioxide. / If a shaall quantity of a carbonate 
is being tested, the mi^tule is warmed to drive The carbon dioxide into tlie reagent ; 
and a non-voliljle acid— sulphuric or phosphoric acid — is used for the decom- 
position bf the carbonate so^s tp avoid a volatile acid being carried along with the 
carbon* ^ioxide, and preventing tJie formation of a precf^itafe. According to 
J. L. Lassalgne, baryta- water is rendered turbid by a sqjn. of sodium carbonate 
containing one part of carbon dioxide in between 40, (XX) and 80,000 parts of water ; 
and a sensible precipitation occurs with lime-water when tl^ proptrtion of water does 
not exceed 20, (KX) parts of wat(Wo one of carbon (fioxide. According to^J. -J. Welter, 
and C. L. Berthollet, lime-water actually dissotves a little carbonate ,*80 that the 
lime-water employed for the qualitative test should be digested for#8omc time with 
calcium carbonate. If an excess of carbon dioxide lu; passed through Uie soln. of 
lime-water, the precipitate redissolves, and the liquuf becomes clear. This is due 
to the formation of soluble calcipm hydrocarhonate : CaCOa f COu-f H 2 O 
— Ca(HC 03 ) 2 . boiled, the hydrocarbonatc is decomposed, the carbon 

dioxide escapes, and the calcium carbonate is reprecipitated. Similarly, if lime-water 
be added to the soln. of the hydrocarbonate calcium carbonate is precipitated, 
(^a(HC03)2-fCa(()Il)2-2CaC03-f2H20. 

Unlike sodium carbonate, sodium hydrocarbonatc does not give a precipitate 
with magnesium sulphate, and hence G. Patein recommended this reaction as a 
distinguishing test for hydrocarbonatc and carbonate. M. von Pettenkofer 
detected free carbonic acid in the presence of hydrocarbonates by moans of a soln. 
of one part of rosolic acid in 5()0 parts of 85 ])er cent, alcohol, and adding baryta- 
water until it begins to acquire a red tinge. () 5 c.c. of this soln. will remain red if 
no free carbonic acid bo present, and it will became colourless or faintly yellow if 
• frtie carbonic acid is present. According to F. M. Perkin, carbon dioxide and hydro- 
carbonates liberate hypochlorous acid from soln. of hyj)(5bblorite8. On adding a 
Holn. of the subststfice to be tested to a mixed soln. of potassium bromide and bleach- 
ing powder, bromine is at once liberated should the substaiiCr?*. be a hydrocarbonate, 
and may be dissolved by shaking with 2*c.c. of chloroform. Normal carbonates 
have no action. T. Salzer recommended using Nessle’P s reagent (4. 31, 26) as a test 
for free carbonic acid or hydrocarbonates, because if thyse subshinces arc present, 
the ammonia reaction does upt occur. According to L. Dobbin, the r(‘.agcnt can 
also be used to detect fixed alkali hydroxides in the presence of the*f{'xed alkali 
carbonates, for the former alone give a brown precipitate. The test is not reliable 
in the presence of sulphides. The great avidity of sodium hydroaide for carbon • 
dioxide may be illustrated by several ingenious experiments. One of the simplest 
is to colle(!l a cylinder of carbon dioxide over mercury and then pipette some sodium 
hydroxide soln. under the edge of the cylinder. The sodium hydroxide rises to the 
top of the mercury, absorbs the gas, and the mercury rises in the cylinder accord- 
ingly. Potassium hydroxide is better suited as an absorbent fof capbon dioxide 
than sodium hydroxide, because when a ga.s charged with carbon * dioxide is 
bubbled through a wash-bottle the exit may become choked with solid sodium 
hydrocarbonate ? the sodium hydrocarbonatc is leas soluble in water than potas- 
sium hydrocarbonafe. Soln. of sodium hydroxide are largely employed in 
analytical work as absorbents for carbon dioxide. If air charged with carbon 
(fioxide be drawn through a soln, df sodium^iydroxide i» a weighed wash-bottle, .the 
incrtinse in weight represents the weight of carbon dioxide absorbed by the hydroxide. 

If the ^vol of the air be known, the amount of carbon dioxide in that vol. of 
air follows nt one A Similarly in gas analysis, the amount of carbon dioxide is 
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determined from the contfaction in vol. which a given vol. of the gas suffers after 
the gas has been in ccgitact with sodium hydroxide. 

The carbon dioxide in carbonates can be determined gravimetrically by the loss^ 
in weight consequent on the evolution of the gas displaced by an acid. Something 
approaching three hiftidred portable instruments nave been described for tWs 
purpose. The gas is absorb(id by alkali-lye as indicated above and weighed, *or the 
gas can be^ absorbed by a stand^d soln. of baryta- watery the remaining^baryta-" 
water c^n then be titrated with a standard* soln. of an dkid,using^pheifDlphthalein 
as indicator. This enables the amount of baryta carbonated #.9 be coinputed, 
and hence the quantity of carbon dioxide absorbeJ. ^This process was dh vised by 
M. von Pettenkofer in 1857, 0. Warburg showed that warm soln, 0 / 'barium 
hydroxide absorb carboii dioxide far more rapidly than cold soln. 

Physiylogical action 0! carbon dioxide.— Atmospheric air contains 0 03 per cent, 
of carbon dioxide, ^nd tlie air of crowded halls may^have as much as»0‘5 per cent, 
without ckujing any a{)prcciable elTect. According to L. Hill,^^ ^hen the proportion 
rises to 3 per cent., the bri'athing becomes d^jejier and faster, and the pulse becomes 
fuller and faster ; 4 per cent, produces unpleasant panting, and diminishes the 
power to Work ; to 7 per ^ent. causes distressful panting ; 10 per cent, produces 
violent panting, throbbing of the arteries, and flushing of the face ; and 25 per cent, 
may cause death in animalff after exposure for several hours. The respiration of 
dangerous mixtures of carbon dioxide and air arc attended by a feeling of heaviness, 
giddiness, noises in the ear, tightness across the chest, and an inclination to sleep. 
The muscles then lose their power, and the individual if standing falls to the ground. 
There then follow asjihyxia, coma, stertorous breathing, cyanosis— possibly con- 
vulsions and delirium— and death may ensue if the victim be not rescued. 

According to J. S. Haldane and co-workers, the air within the lungs normally 
contains about 5 5 pi'.r cent, of carbon dioxide ; when this reaches about 8 per cent, 
dizziness and loss of imunory occur, with higher })ercentage3 there may be loss of 
consciousm'ss, but no immediate danger until the ])r()portion exceeds 20 to 30 per 
cent. Recovery is rapid and complete. L. Hill found that diving under water, 
or holding the breath as long as possible, may raise the carbon dioxi 4 e in the air 
in the lungs to 7 to 10 ner cent. A temporary rise of 3 per cent, is thus quite^a' 
natural phenomenon. Tlpj organjsm may ac(juire a certain tolerancO' for the gas 
and breathe air contaminated with an amount of carbon dioxidg which would be 
noxious to thf untraiifccl orgam.sm. J. S. Haldane and co-workers showed that the 
oxygenation of the blood helps to drive oTi the carbon dioxide, while the»deoxygena- 
tion of the blood helps the absorption of carbon dioxide so that the exhalation of 
carbon dioxide by the lungs is to a large extent dep(mdent on the taking up of 
oxygen. , i 

Poison’ing by carbon dioxide is probably a misnomer in that the lethal effects 
are due to a deficiency of oxygen rather than to an excess of carbon dioxide. Carbon 
* dioxide asphyxia m&y occur in coal mines from the presence of choke damp generated 
by explosions and gob fires ; in deep wells, cellars, excavations, and underground 
passages ; in brewer’s vats ; and in the neighbourhood of lime-kilns andWck-kilns 
in operation, “ 

' Tfie equilibrium between carbonic acid and bicarbonates in the regulation of 
the reactidnb of blood has been discussed by H. Friedenthal, and L. J. Henderson, 

K. A. Hasselbalch and C. Lundsgaard found that the H‘-ion cone, of blood is about 
O'OyiiiV, and is subject to slight variations, decreasing as the blood passes through 
the lungs and increjising during the greater circulatioi. ’K. Spiro and 

L, J. Henderson have discussed the change of distribution of the red blood 
corpuscles and plasma as the tension of the carbonic acid changes ; 

As the blood passes through the tissues it receives carbonic acid, and the vol. of tljp red 
oorpuBoles increases owing to the entry of water from the plasma ; chlorine simultaneously 
passes in the same direction ; and other changes occur. In the lunm with the egcape of 
^ carbon dioxide, the process is reverse^. In each complete cycle of the circtlation, there 
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aocxm a complete cycle of changes between the constituente^of the oorptnolea and the 
plasma. • ^ 

^ The effect of carbon diffeide on micro-organisms has been discussed by C. Nourry 
and C. Michel, 1® etc. ; on ferm«riMfton by L. Lindet,^® G. Fo^h, etc. ; and o» plant 
se^ Becquerel, S. Jentys, etc. 

^ The pses of carbon dioxide. —Carbon dioxide ^ is largely used in the preparation 
of the so-csjled artificiaf |iineral watery ; and-iw impregnating beers, •wiqes, etc. 
Carbon dioxide Is used 2i*in the manufacture of carbonetled beverages, where it 
iraprovas#the appearance, and imparts to them sparkle and “ life.” It is siid to 
have a marked stimulating (ifcct on the olfactory and gustatory nerves, accentu- 
ating flafouss, and making the senses more delicately perceptive. It also has a 
bactericidal action in keeping down the bacterial counts of carbonetted beverages. 
The gas is used in packing certain food products where flavoiys and odours are 
liable to be spoiled -presumaW^ owing to the o^dation Rf certain coi^t\tuent8, if 
j)acked hi air. It has also been recomiuendedi in the storage of fruits. Carbon 
dioxide is substituted for air in the atrft. of the freezer in some systems of making 
ice-cream. It is used in manufacturing various carbonates-;-?^, white lead, 
barium carbonate, sodium hydrocarbonate, etc. ; in •the ammonia-soda and the 
cryolite processes for alkali carbonates ; and in th(^ precipitation of aluminium 
hydroxide in one process for the purification of bauxite. Liquid carbon dioxide 
is used as a refrigerating agent, and it has several advantages over ammonia and 
sulphur dioxide. There are many other applications — liquid carbon dioxide has 
been used for hardening steel, extinguishing fires, raising sunken ships, etc. Carbon 
dioxide is us(!d in sugar works for removing lime from the limed sugar-cane juice. 
Liquefied carbon dioxide in cylinders is use(l as a decentralized source of press, over 
r)(X) lbs. per sq. in. Carbon dioxide is used as a fire extinguisher in closed spaces 
where it acts by excluding oxygen from burning bodies ; or by diluting the air. 
It is used as a mild irritant and stimulant on the respiratory centres ; for local 
refrigeration; and as a cauterant. It is used in the rubber industry for filling 
the air-bags which .support tyres in the process of vulcanizing. It has been 
^ rqpommended for removing extremely hard and Adherent boiler scale. 
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§B7. Hard and Soft Water 

Water comes very near to the “ universal solvent ” of the* alchemists’ dreams. 
Natural water holds carbon dioxide in soln,, and when suali water comes in contact 
with magnesium and limestone rocks, •some m&y be ^solved.i Water holding 
magnesium and calcium salts in soln. is said to be hara. The term is applied oU 
account of the difficulty of obtaining a soap-lather with such water. So^p is a 
compound of sodium with a fatty acid. The soap is decomposed by ma^esium 
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or cdcium salte. The fatty acid unites with the latter ta form an iceoluble curdy 
precipitate. This action continues until all the lime and ^nagnesian salts have 
t)oen«precipitated. Any further addition of soap at once produces a lather, and the 
soap can then be used as a cl^nsiag agent. If a soln. of soap of dednite strength 
and a d^mte vol. of water be employed, the hardness of a ^iven sample of water 
btf represented in terms of the amount of soap required to produce a lather, 
ihe hafdness of water ^hus refers to the “ soajf-destroying power ” of the water, 
and it IS eipre^ed iiu degrees. Each dajree of hardness conesponds tvifh (fne grain 
^/calcium carhotmte, or its equivalad in other ca)cium or magnesium sait^, per gallon 
of Hardness is also ^pKssed in parts of calcium carbonate, or its eq., per 

100,00(7 4)arts of water. Waters containing but small qflantities of lime and 
magnesian salts lather freely with soap, and they are accordingly called soft waters. 
A water less than S'" hardness may be called “ soft,” and a water between 18° and 
20° hardness«i3 “ moderately hard,” and if over ^0° hardness, “Very harcl” Very 
soft waters are liable to attack fnetals like lead, zinc, and iron. • 

The process of removing salts froqj hard water is called softening the water. 
In T. Clark’s lime process for softqnung water the necessary amount of milk of 
lime or lime-water is added to convert all the acid carbonates of crJcium and 

magnesium into the normal carbonates. We have *liere the curious paradox 

“ add lime to remove lime.” The tjieory of the Action is summarized in the 
equation : Ca(HC03).H-Ca(0H)2--2CaC03-l-2H20. M. R. Hcrrle and F. M. Gleeson 
showed that in the progressive addition of lime-water to hard water, the hardness 
decreases uniformly so long as the chemical action between the lime and the salts 
in the water takes place. When this action is complete, the water is at its 
minimum hardness (7°, Fig. 55), and any further addition of lime-water increases 
the hardness and the alkalinity of the water. Expressing the amount of lime 
added to the water in lbs. of lime per KXX) galls, of hard water ; the hard- 
ness in c.c. of standard soap soln. ; and the alkalinity in c.c. of (VOlN-acid with 
phenolphthaleiii as indicator, the results with a natural water of 20° hardness 
were : 
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Hard water iftay be wholly or j)artially softened by boiling. That part of the 
hardness so removed is termed tenijjorar^ hardness ; the degree of hardness which 
remains affer prolonged boiling is called permanent Ivgrdness. Temporary hardness 
is due to calcium and magnesium hydrocarboilates ; permanent hardness is due 
to the presence of calcium and magnesium chlorides or-sulphatcfs. there is also a 
kind of “ pseudo-hardness ”• due, to the insolubility of soap in wat«r containing 
sodium chloride. The so-called nfaritie soaps are used for such wafers. After 
removing the temporary hardness, if ])rc8ent, by boiling or by T. Clark’s lime- 
process, the permanent hardness may be removed by the additioR of sodium car-^ 
bonate-4he soda process. The sodium carbonate jirecipitates the calcium and 
magnesium as insoluble carbonates : CaS04-i-Na2C03 -CaC03-f Na2S04. The 
water still contains sodium sulphate and sodium chloride, but the* presence of a 
small quantity of these salts is Riot usually objectionable. M. R. HeriSie and * 
F. M. (Jleeson showed that with the progressive addition of 8oda-ash*tiie hardness 
of water rapidly diminishes to a minimum (11°, Fig. 56), and the chemical action 
between the si^a-ash and the salts of the hard wat6r is complete. Further addi- 
tions of soda-ash* produce no change on the hardness, but merely increase the 
alkalinity. Expressing the hardness and alkalinity as before, but expressing the 
•mount of soda-ash added as lbs. of soda-ash per KXX) galls, of hard water, the 
resqjts with a natural water were : * • 
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It follows? therefore, that the addition of lime toWd water produced a mimmum , 
hardness of 7° by presipitating some of the soluble salts producing hardness ue o 
calcium and magnesium ; the other salts of these clemente still in soln. are remove 
by soda-ash but not by lime; similarly. -the*addRion of soda-Mh produced a. 
minimum hardness of* 11° by precipitating some of the salts producing 4 iardr|^sa 
due to calcium and magneshim ; the other salts of these elements still in soln. are^ 
removed by the addition of lime^but not by soda-asli. ^By adding both reagents 
in proper proportions- -‘the so-called soda-fime process-^nrarly aj. the salts pro- . 
ducing hardness are removed. This is illustrated by Fig. 56. , t 



bme Sodd-dsh Lime Sodd-dsh 


Km. 65, Km. M. Kio. 57. 

Kms. 55-57. Ctmiigt^ of Hardm's.H and Alkalinity of Natural Water with Additions of 
Linus and Soda-ash Sopiujitoly and Consecutively. 


The proees.ses used for softening potalile hard water may thus be summarized : 
(1) Distillation ; (2) Boiling ; (3) 'hie addition of lime with or without soda-ash or 
other chemicals ; and (4) Tlie permiitite process - ride alkali aluminosilicates. The 
Report of the Rivers I’ollution ( ommission elassitiial unpolluted water as is shown 
in Tabl(‘ XXVI, which n'preseiits the average of a number of analyses of each type. 

' » 

Taulk XXVI. AvVihaok CoMrosrnoN oe UseoLuiTKi) Natural W^ruus 



Rain . . . 2115 i 0 070 0 015 0*029 I 0*003 0 042 0*822 0*4 j 0 5 0*9 

Upland surface ^ 9*07 i 0*322 , 0 032 0*002 0*009 I 0*042 1*130 1*6 j 4*3 5*8 

Deep well . . 43*78 0*0(51 0*018 0*012 , 0*495 j 0*622 6*11 16*8 I 9*2 ,25*0 

Spring • • • I 28*20 0*050 0*013 0*001 0*383 ' 0*396 2*49 11*0 17*5 18*6 


Boildr fW£je.-7The furring of kettles, and the formation of boiler scale, is due to 
the precipitation of calcium and magnesium salts. Boiler scale is a poor conductor 
of heat, and hence the eflicioucy of a boiler which has scaled is seriously impaired. 
The boiler scale and the metal have different rates of contraction and expansion by 
heat. If the water in the boiler gets low, and the metal overh^ted, the scale may 
separate from the metal. If cold water now runs into the^boiler, the scale quickly 
cools, contracts, and cracks.*' Water poufTs through the cracks on to the hot metal ; 
a large volume of steam is generated, and the sudden pressure may be great en<7ugh 
to burst the boiler. Hard water in steam boilers not only produces boilei;^ scale, 
but it may corrode the boiler shell, and cause foaming and bumpitfg. The corrosion 
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id pitting of boilers is usually* produced by soft wateh from swampy districts 
hich contain organic acids in solni ; by water from mining districts containing 
lineiatl acids in soln. gulphuric acid from the oxidation of pyrites) ; and by 
'ater containing magnesium or calcium chlorides and nitrates. A great ^many 
ostrums for preventing boilerVale and corrosion have beerf proposed. In some, 
lieVater is treated before it enters the boiler ; in others, the water is softened in 
lie boilet itself. Whate*^er agents be used, they^fmust be cheap ; easi^j^ applied ; 
ricld no acid wh^ used ; Ind precipitalte the sa^lts which make the water httrd in a 
locculent powde^jj condition easily blown from the boiler. Among the comiaoner 
pfgents are*: sodium or calciu^i hf^droxidc, and sodium carbonate discussed above ; 
^sodium ^Ijiminate, NaA102, which acts as representcd*by the* equation : 2NaA102 
► -l-Ca(HC03)2*f2H2C -Na^COj-f 2Al(OH)3d-CaOOj ; sodiuiji fluoride which acts: 
2NaF-j'Ca(HC03)o --2NaHC03-jd'aF.. ; normal sodium phosphate whi^h acts : 
2Na3P04 {■3CaSb4--3Na2S044 ra3(Pb4)2 ; ete. , # • 

* * tL • 

There ftre nunieroas works specially dealing witU the purification of watUr for boiler 
and domestic purposes ; e.g. S. and E. Kidcji!, \V(Uer ^iupphes, Their Furijicalion,, Ftltr(Uion, 
and Sterdization, London, 1914 ; J. Don ai^ J. Chisholm, Modern Methods of Water Furijira- 
tion, Jjondon, 1913; VV. W. (.^hristic, Water: Its Furijkation and Use in the itulustriis, 
London, 1912; VV. P. Booth, Water Softening and Trcaiincrtt , J.ondon, 1920; F. Fisclior, 
Das P’uiJSfr, I-rt3ipzig, 1914. * 

Hard water in nature. — Water highly charged with dissolved calcium liicar- 
bouate may be dripping through the roof of a cave or subterranean caverii. Home 
carbon dioxide escajies from the soln , and a certain amount of ^jalcium carbonate 
is deposited. Each drop adds its own little share of calcium carbonate. The deposit 
grows— maybe on the roof, when it is calk'd a stalactite; maybe on the floor, when 
it is called a stalaiimite. All depends upon the time occupied by each drop in gather- 
ing and dropping. The stalagmite grows upwards from the ground, and the stalactite 
grow.s clownivards, like an icich', from the roof. In time, the two may meet and 
form a pillar. Fig. 58 conveys but little idea of the beauty of some, limestone 



Fio, 68. — Stalactites and Stalagmites in the Yarrangobilly Cavef, N.S.W. 

caverns in which stalactites and stalagmites have been 'growing. The photograph 
shows stalactites, stalagmites, and pillars which have no doubt been formed in this 
manner. The San Filippo spring (Tuscany) is said to deposit lime at the rate of 
12 tnclies a month, and the 'spring h %3 formed^ bed of limestone rock 250 feet thick, 
mil^ long, and J mile widfe. The building stone called travertine (Tiberstone) is 
probably a limestone deposited from a mineral spring. The Colosseum and much 
' of ancjgift an(i modern Rome were built with this stone. 
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§ 38. j'ercarbonic Acid and the Percarbonates 


Dio ^ntur einifor Per^urbonato i 8 t heute noch nicht einwandfrei gokliirt. — C F, von 
C1R8EWAU), • • * 


Guided^ analogy with the persal[)ha|^s, E. J, Constain and A. von Hansen ^ 
sought to prepare a series of percarbonates.^ They assumed that the ionization of 
the nornltl carbonates taki^s place in stages, and that when cone. soln. are electro- 
lyzed, the ions MGO;/ formed in the first stage of the ionization will accumulate in 
the anode compartment, iflul there unit^ to form a jiercarbonate, 2MC03''f2@ 
as in the analogous case of the j)ersulphates, 2MSO4' f 2Ct)--M2S208. 
It was necessary to work at low temp., but under that condition sodium and am- 
monium carbonates have too small a solubility, and the .soln. are too dil. to give the 
desired result. The e.xperiment, however, was successful with ])otassium and 
rubidium carbonates. When a sat. aq. soln. of potassium carbonate is electrolyzed 
and the temp, continuously diminished, the anodic evolution of oxygen becomes less 
and less, and at — IC^ has practically cea.sed ; simultaneously a bluish solid, 
potassium percarbonate, is formed. There is generally a marked odour of ozone 
at the beginning of the electrolysis, but this disappear.s in a short time. 


W. D. Brown thus applied K. .1. t’oristain lAnd A. von HHti,son'’8 process : A porous cell 
of 200 c.e. eafiaeity was placed in a'cylindrical vessel of such size that the outer or anode 
epaey had a capacity of 150 c.c. Jn tho porous coll was tho cathode of nickel gauze and^io 
cethodo soln. of 2^-40 per cent, potassium carbonate. Around tho porous Cill, in the cone, 
soln. of potassium earbona'to, a platinum wire was wound as a spiral. The whole was 
immersed in a mixture ef ict and common salt, which brought the t^mp. down to —16°. 
A cone. soln. r( potassium carbonabi, at 15°^ hivs a sp. gr. of 1 SSO. On lowering the temp, of 
this soln,, no crystallization takes plai'e ; but if tbo suit be imiiuro, or if crystallization takes 
place on lowci i ng the temp., then, on, passing a current , no crystals of potassium iiercarbonate 
are formed. It is necessary to have a high anode density and a low cathode density. This 
was Httoined by havmg the* mckel gauze cathode and platinum wire anode. The wire was 
0 0345 cir^. iliick and 48 cnis. long, making an anode purfai^b of 0 05 sq. dm. With a current 
of 3 amps, at about 10 volts, and a current density of about 60 amps, per sq. dm., the soln. 
was heated teo much and potassium hydrocorlwnato was formed. On shortening the 
anode wire (o 24 cms., and passing a current of li amps., the current density remained the 
BHine, and a moss of blue crystals of the percarbonate, floating on the anode soln., was 
obtained. E. J. Oonstam and A. von Hansen found that if the electrolysis is commejiiid at 
- 16°, with a cone. soln.,tho yield is not much affected by small variations of temp.-<-mdeed, 
the temp, ina^ risodto 0° without seriously impairing the yield. If the cone, of tho electrolyte 
falls <)elow sp. gr. 1-52, a rise in temp, diminishes^the yield. It is preferable gradually to 
lower thejt^p. as tho electrolysis proceeds, owing to the decrease in the cone, of the soln. 
The percaibonatE is very soluble in water, and to get a deposition of solid percarbonate it 
is necessary to keep tho anode liquor sat. with respect to potassium carbonate. This is 
don© by continuously rumiin^ through a funnel a cone. soln. of potassium carbonate to the 
bottom of the anode compartment, and allowing the lighter electrolwzeij liquor to overflow. 
This liquor carries tho suspended solid percarbonate which is then collected on a vacuum 
filter. At -10° with a soln. of ap. gr, 1-66, a yield of 25 66 per cent, of percarbonate was 
obtained with a current density of 0-5~2-0 amps, per sq. dm. ; .but when the current densitj 
roee to 60 am^. per sq. dnf., the yield rese to 86-16 per cent. F. Salzer found that th! 
yield was considerably diminished by platinizing the anodb, for this increases the surfao 
and decreases the current density ; tlie potential of a smooth anode is greater than tha 
of a platinized one. Iron, nickel, copper, and silver anodes were found by A. von Honsei 
to be unsatisfactory, F, Salzer found that the presence of hydrdkyl ionk or of hydit 
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arbonates diminished the yield. The sky-blue, hygroscopic ^H>ta8sium p^carbonato so 
prepared is dried by spreading it on a porous plate and exposing it lo a current of air ; the 
emp.^may be raised to 40'* ti^wards the end of the drying. The product contains 87-93 j)er 
sent, of peroarbonate. A. von Hansen said that the product cannot be purified by re- 
jrystaUisation from water, but it may bb pm'ified by digestion with an excess of a con8. soln 
»f TOtaasiipn hydroxide at —6° to —10“ for some time ; the peroarbonate is then washed 
vitH aloohol to remove the hydroxide, and the dried product has 95 to 99 per cent, of per 
Kurbonata^ E. H. Kiesenfald and B. Reinhold claim t|9 have made a 100 per c<^nt. product 
jy the electrolysis of a cof c. soln. of petassiumf carbonate containing 82-6 grms. of 
^iC 03 . 2 H 20 per iOO grrfis. of water at —30“ to —40“. P. Lami has also described the 
j|ectrolyJic^preppi^flon of this salt. * 

Accosding to E. J. ConstSm and A. von Hansen, ^otassitm pcrcarbouate is a 
liygroscoplc sky-blue powder, which, when dried, loses alr^iost all its colour and 
appears white. Analyses correspond with the composition K2C2O4. The dry 
lalt is fairly stable ; there is a slow decomposition : 4K2C20ln=4K^03H-4C(52-|-202, 
but if moist it soon decompose 2K2C20e-l-2H2f)— 4KHC03-f O2. When gently 
warmed fhe salt decomposes : 2K2C2O6— 2K2(X)3-f2C02-f O2, but tie reaction 
is completed only above 200'^. The salf dissolves in ice-cold water %lmost without 
decomposition, but at ordinary tem'p. — particularly between 45'" aiuA 50*"— it 
decomposes with the evolution of oxygen. It is assuified that the first action is 
the resolution of the peroarbonate into hydrogen dioxide and hydrocarbonate : 
K2C2Oq+2H2O=2KH0O3-}-H2O2, so that the oxygen is derived from the decom- 
position of tlie hydrogen dioxide in alkaline soln. The rate of^ decomposition of 
the ammonium salt furnished W. Biltz and W. Gahl constants in agreement with 
a unimolccular reaction, although other methods of calculation corresponded with 
a biniolecular reaction. The value of the constant changes with the cone, of the 
soln. The mechanism of the reaction, like that with ammonium nitrite, has not 
been established. The salt is but sparingly soluble in alcohol. With dil. sulphuric 
acid there is a quantitative yield of hydrogen dioxide : K2C206-f-H2S04=K2S04 
-f2C02-|-H202. The acid soln. bleaches potassium permanganate : 6K2C2O6 
4-8H2SO4-l-2KMnO4-2MnSO4-|-6K2SO4-'l-BH2O4-10CO2+5O2. The strength of 
potassium percarbonatc as an oxidizing agent cai^ thus be determined by titration 
jjfitAi a standard sulphuric acid soln. of permanganate. A dil. aq. soln. of potassium 
hydroxide, eyen at —2^, forms potassium carbonate afld hydrogen dioxide: 
K2C206-f2K0H=^2^^3”l“H202. The hydrogen dioxide rapidly decomposes in 
the alkaline soln. For a cone. aq. soln. of potassium hydroMc, vide supra. The 
oxidizing properties of potassium percarbdhate are illustrated by its converting 
lead sulphide to the sulphate, ferrous to ferric. salt^, and stannous to stannic 
salts ; decolorizing indigo-blue, and bleaching cotton, sylk, wool* The reducing 
properties of the salt are illqptrated by its action on silver oxide, manganese 
dioxide, and lead dioxide, when the ^afbonates of the respective metals ar6 formed, 
and oxygen is evolved — e.g. K2020e+Pb02— PbC03-j-K2^03-f02. It can be 
regarded as potassium perdicarbonate, and is probably constituted : ^ 


KO.CO.O 

KO.CO.O 


0 = 


In general, said F. P. Treadwell, pot^ium peroarbonate in aq. soln. behaves dike 
hydrogen ioxide. Sodium dioxide acts more quickly than potassium pejearbonate 
on chromium sulphate ; the former with manganese sulphate gives a* brown precipi- 
tate of manganese dioxide, while the latter gives a small quantity of the brown precipi- 
tate, but much m^anese carbonate which is immediately converted to the brown 
dioxide when sodium* hydroxide is added. The peroarbonate liberates iodine from 
hydriodic acid. Accoring to E. H. Riesenfeld and B. Reinhold, when a solid 
peroarbonate is added to a cone, nyutral sobi. of potas^um iodide, iodine is im* 
•mediately set free. This is taken to show that hydrogen dioxide has not been 
formed because that compound liberates iodine very slowly from potassium iodide ; 
if, however, a^ln. o^the percarbonate be used instead of the solid salt, the amount 
of iodine set mee decreases with the length of time the soln. of percarbonate has 
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hcen kept before it was aVdccl to the potassium iodide. This is because the salt in 
soln. is gradually dccosnposed into potassium hyflrocarbonate and hydrogen dioxide. 
There has been a controversy between E. H. Rietenfcid and B. Reinhold; 
S. M. ffanatar, and R. Wolffenstein as to the validity of potassium iodide as a test 
for distinguishing the 'percarbonates from carbonat(‘s containing hydrogen dioxide 
of crystallization. R. WilM-statter, and E. H. Riesenfeld and W, Mau so' distin- 
guished^ tha persulphates from with hydrogen|(Moxide of cr}rstaIlization, 

and it is inferred that tlie analogous rcactioins valid with ftic oarboiy.tcs.* A. Monnier 
found that percarbonates give a reddish precipitate with a dilit feoln. o{ i^^tanou? 
chloride ; no precipitation o% coloration with a 0‘5^erccent. alcoholic soln. of benzi- 
dine ; and a blue coloration with a soln. of potassium dichromate acidified with 
sul])huric acid — vide pefborates. 

E. JjtConstam and A. von Hansen pre])ar('d rubidium percaibonate, Rb 2 C 20 e, 
in a manner analogous tdthe poim-ssium .salt ; the jy-operties of the two salts were 
similar. Tley did not succeed ip obtaining the ‘solid SOdium percarbonato and 
ammonium percarbonate, although tlu'Sfi* salts were probably present in soln. 
Similar reinarl?^ E- H. Riesenfeld and B. Keinliold’s attempt to isolate the 

correspod^ling lithium percarbonate, sodium percarbonate, rubidium perdicarbonate, 
and ceesium perdicarbonaij. L. Schwedes {)repar(Hl .sodium percarbonate by 
passing carbon dioxide into a paste mad« of sodium dioxide and alcohol. The 
re.sidue appears as a white floccuhmt ma.ss with 50 per cent, of the percarbonate. 
H. Wade treated sodium ea^bonat(^ with hydrogen dioxide in presence of a 
limited quantity of water and of sodium chloride for s.alting out the product. 
The use of calciiu'd .sodium carbonate is advantageous, and so is the pre.sence 
of negative catalysts- sodium .‘silicate or magnesiiuu chloride- as shown by 
E. Noll. ]’. Ka.sanezky dissolved 5 grins, of freshly prepared ammonium carbonate 
in 40 c.c, of 20 per cent, hydrogen ])eroxide, and the soln., after cooling in ice, was 
mixed with 5 cc. of aq. ammonia sat. at (» . The addition to the liquid of 2 -3 
vols. of alcohol then gave a white, crystalline preci])itat<' of a salt having the 
constitution Nll^.O.O.t'O O.Nll^, 2 ll.d). The salt is readily soluble in water, by 
which it is almost complet(*ly dect)mp(Kse(l into hydrogen jieroxide and ammonium 
carbonate. W . Biltz tyid W. (laid found that the dccom])o.sition of aininomuni 
pft:caTbonate may be repFcsentcd»as a uniinolecular reaction. ** 

In 1899, 8 . M, Tan^tar«found that when a soln. of .sodium caibonate is dissolved 
in cold 3 per cent, h^^drogen peroxide, ^nd the .soln. treated with alcohol, a white 
crystalline precipitate is obtained. After wa.shing with alcohol and etfier, and dry- 
ing over sulphuric acid, the prdlluct has the composition NaoCt^.lJHoO, or the 
alternative Na 20 l)j 5 .H 2 (V.py). Against the latter formula. 8 . M. Tanatar urged 
(i) that the> heat of deconijmsition of a j‘,iV-solii by*,’, A’ -nitric acid is 7 21 to 7’26 
Cals., whereas that of an aq. soln. of sodium cjJrbonate is 5 33 (Ails.; and (ii) that the 
partition coeff. of hydrogen dioxide between ether and aq. soln. of sodium carbonate 
shows that the carbonate unites with 30 p(‘r cent, of the hydrogen dioxide. The 
argument, however, is inconclusive in distinguishing between a percarbpnate>and a 
compound of sodium carbonate and hydrogen dioxide. E. H. Riesenfeld and 
W. Mau showed fhat (i) ether will not extract hydrogen dioxide from E. J. Constam 
and A. von Hausen’s salt, but it will do so froA S. M. Tanatar's salt ; and (ii) there 
is no libei^itiou of iodine when the latter salt is added to a neutral soln. of potassium 
iodide. It is tlierefore inferred that S. M. Tanatar’s salt is not a true percarbonate, 
but is rather hemihydratbd sodium perhydroxyc^rbonate Na 2 CO 3 .H 2 O 2 .JH 2 O. 
W^hen the salt is heated over 100 '^ it gives off oxygen and water, JlfUt ho carbon dioxide. 
It dissolves in water with the absorption of 3’9 Cals., and the aq. soln. forms hydrogen 
dioxide and sodium carbonate. With^acids, it^elds cafbon dioxide and hydrogen 
dioxide ; but with hydrochloric and hydriodic acida the halogens are set free. 
Salts of the alkaline earths and the metals give unstable precipitates which develop 
oxygen and form carbonates. S. M. Tanatar made sodium sesquiper^ydrozy- 
carbonato, Na 2 C 03 . 1 JH 202 , using ctwice as much hydrogen dioxide as* he employed 
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• in making the salt Na2C03.H202*iH20. He symbMizq^l it Na2CO4.iH2O2.H2O. 
The two salts are alike in appearance and properties. S. Jf. Tanatar made the 
potassium salt K2CO4.3H2P in a similar way. The product was contaminated with 
a little potassium carbon*ate, and is probably dihydrated potassium perhydroxy- 
oarbonate, K2CO3.H2O2.2H2O* P.* Kastmezky obtained hemibydrated potdssium 
diperhydtoxycarbonate, K2CO3.2H2O2.JH2O, by mixipg one molar proportion of 
^tassiiun carbonate wit^h five molar proportions lof 25 per cent, hydrogen dioxide, 
pr by mixiflg potassium fhydrocarbonate with a tenfold excess of 30 per cent, 
hydrogen dioxit^^and precipitating the salt with alcohol. The product consyjts of 
thombit ^)rism8 mixed with nmnoclinic prisms. It is resolved into potassium 
carbonate and hydrogen diBxiae when dissolved iu*water.» P. Kasanezky also 
» made pothsskim triperhydroxycarbonate, K2CO3.3H2O2, by^adding 7 5 c.c. of 25 per 
cent hydrogen dioxide to a gram of the preceding salt, and treating the jiroduct with 
alcohol. The; salt dissolves in water with the evolution of ojiygen. hT. Peltner 
prepared rubidium triperhydrcf^ycarbonate, lib2Ct)3.3H202, or Rb2CO4.2H2O2.H2O ; 
hydrateef rubidium diperhydroxycarbodftte, Rl)2C03.2n20.f.H20, or 
Rbo(T)4.H202.2H20 ; and sesquihyd rated rubidium perhydjfoxycarbonate, 
Kb2C()3 H2O2.I JHoO, or Kb,2C04.2JH20, by dissolving one molar proportion of 
rubidium carbonate in one, two, or thr(‘e molar j)roporttons of 30 per cent, hydrogen 
dioxide soln., and siilhcicnt water to obtain a clear s<rin. on adding alcohol to the 
cooled soln., these substances are precipitated in the form of white, crystalline 
solids ; they are all very hygroscopic, and evolve; oxygen on being dried in a vacumn, 
but if kept dry they do not turn yellow. The dried substances evolve more oxygen 
on moistening with water. P. Kasanezky dissolved 5 grins, of freshly-prepared 
ammonium carbonate in 40 c.c. of 20 per cent, hydrogen dioxide, and, after cooling 
in ice, mixed the soln. with 5 c.c. of aq. ammonia sat. at 0 *^. Tin; addition to the 
liquid of 2-3 vols. of alcohol then gave a white, crystalline preeijutate of hydrated 
ammonium perhydroxycarbonate, (NH4)2C03.H.202.n20, which he regarded as 
having the constitution (NH,,)2COj.2H2(), or (Nlf4().0)2C0.2H20. The salt is 
readily soluble in >vater, by w hich it i.s decomposed into ammonium carbonateT and 
hydrogen dioxide. ^ 

t f R. Woldenstem and E, Peltner prejiared a number of percarbonates by the 
action of caiboii dioxide on sodium dioxide or on so<lium*hydropcroxido obtai^^ed 
by the action of a mol of sodium ethoxidc on J imfl of hydNigen dioxide, and washing 
the precipitate with alcohol. It is claimed that the prof?uct.fure true percarbonates, 
and not merely carbonates with hydrogen dioxide of crystallizatiiTn. The first 
])roduct sesquihydrated sodium permonocarbopate,*Na2C04.1 JH2O, is obtained 
by triturating in a dish cooled by a freezing mixture, 38 grins, of s^iunkdioxide with 
50 grins, of ice, and then pissing a slow current of carbon dioxide through the 
mixture while it is being stirred. ‘The ma.ss becomes mushy as wate/ » split off, 
and 38 grms. more sodium dioxide are adiled in small jiortions at a time. The 
current of gas is stopped when the increase in weight i.s 44 grins., o.r, according to , 
E. H. Riesenfeld and VV, Man, when a .sample of the liquor requires twice as much 
hydrSchlofic acid for neutralization with methyl orang<‘ as indicator as it does with 
l>hcnolphthalein as indicator. The unstable salt is washed with ^alcohol and ether, 
and dried in vacuo. The salt slowl}^ loses oxygen in the desiccator, and decoiiposi- 
tion is complete in a couph; of months. If i8’75 grms. of freshly prejgiied sodium 
hydroperoxide are mixed with 5 2 grms. of water and the mixture coSled by a freezing 
mixture while it is treated with carbon dioxide until j^he increase in weight is 6*8 
grms., a salt is ohtajped whose composition corresponds with Na2C05.H20. Accord- 
ing to E. H. Riesenfeld and W. Man, it is doubtful, however, if this formulation is 
correct. Its behaviour towards a neutral soln. of potassium iodide is related with 
tllat of Na2C04 as that of Na2C2(\.H202 isirelated with that of Na2E20fi. Hence, 
the e^lt is regarded as sodfUm perhydroxypermouocarbonate, Na2004,H202. By 
analogy with the formula of permonosulphuric acid, HO.SO2.O.OH, the constitu- 
tional formula of 4he permonocarbonate is given as NaO.O.t.’O O.Na. H. Bauer, 
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Imum femonombonate ti, , 

2 " “i .« %*■«•■ ** ^ “ 

is obtained by mixing 2 to 3 grnis. of sodium dioxide witb lOd c.c. d. '“■“’'j 
alcohol, and passing carbon dioxide into the welbstirrcd mixture, f 0. to 5 cr 

5 or 6 lira, or uiitiUilxi siftii. no longer reacts alkaline towards phenolphthalem. 

Tlio, mass of glistening crystals is washed with alcohol and ether, rand dried m 
air for a short time on a porous plate. The analyses corresponded with 
Na.iCj;0(5.i('oHr,()V- and, if moist sodium dioxide is used to abso^rb the carbon 
dioxide, the crystals ofitained ^lavc the compof^iKon Again, if 

6 c.c. of 3()Ver cent, hydrogen dionide are added to the mixture before the treatment 
with carbon dioxide, 'or stirred with the tnixture after the absorption of 
dioxide js complete, crystals are obtained corresponding with JSaHt^. 
E H Eiesenfeld and W. Ma^ showed that the behaviour of the salt towards a neutral 
soln. of potassium iodide corresponds with the assumption that the product is 
sodium perhydroxyperdicarbonate, Na.,( VOo-HiO.,. Tluiy also prepared potassium 
perdicarbonate, KgOoOo, by the above process using potassium dioxide, absolute 
alcohol, and carbon dioxide. This salt has the same empirical composition as the 
salt obtained by E. . 1 . Constarn and A. von Hansen. The two compounds in soln. 
or in the solid state react ditferently towards a neutral soln. of potassium iodide, 
and they are tliendoro isomers. Tlie sujiposed constitutional difference is illustrated 
by the formuhe : 


KO-CO 0 
KO-C()() 

K J Const am ami A von lliinsim’s 
salt. KjCjO* 


KO.O-CO 

KO-OO 


>0 


11. WollI(>nsft'ln and K. rdtner’a 
Halt, 


The following pcrcarbonic acids arc oxidized carbonic acids : 

‘ M ().(’() OH O.CO.O.OH O.Cxlo.OH 

, ^O.OH O.rO.OH O.CO.OH ’'O.CO.O.OH 

TT^COg * h/'O; fJaCjO, HaC-iO, HjCaO, 

as well as the derivatives HO.CO.p.CO.O.OH, etc. The alkali salts of HXO4 and of 
H20.,0fl in its tivo isomeric forms have been prepared. The alleged derivatives 
of Na2t^Or,.H.2()— and of H.^CoO^ -namely, Na2C207.H20— are 

probablycshlts id tlm lower’ oxidized percarl^ofiic acids with hydrogen dioxide of 
crystallization. The simpler iirobloms connected with the percarbonates are not 
definitely settled. Even the evidence on whiidi tlie distinction between per- 
carbonates and addition compounds of hydrogen dioxide and the normal carbonates 
is based, is inconclusive. Free percarbonic acid has not been isolated. A“ Bach 
claimed that it cgn exist in ethereal soln. at a low temp., for if a soln. of 0 5 grm. 
of solid phosphoric acid, ether, and a few drr^is of water are added to 2 grms. of 
potassium jpercarbonatc, there is a violent reaction. When the ethereal soln. is 
poured off, and Heated with an alcoholic soln. of potassium hydroxide, a bluish-white 
precipitate of potassium pi^rcarbonate is formed. This is taken to show that the 
ether held percarbonic acid in soln. K. Wolflen.stoin and feltner, however, 
deny the alleged facts. 

The above terminology is based on that usually employed for the persuiphates ; 
E. H. Riesenfeld and W.*Mau suggested calling the derivatives of H2CO4, im/to- 
jmoxycarhonate^, and those of HgCgOo, monoperoxydkarhomtes. R. WoUf^nstein 
and B. Peltner called Na2C20e, sodium dioxide dicarbonaU ; NagCgO?,^ sodium 
trioxide dicarhonate, etc. ^ 
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remo^^r 1^/’“"'“®,“ ^ » photography Tindjt tho namo antihypo for 
ibleachina thioaniphate ; it has been recolnmendcd for 

permont^arl^w^ h' oxidations in some apalj^ical processes. Sodium 

ihp Tii.PT.a medical purposes, as a disinfectant, and in 

•tbe preparation of hydrogen dtoxide. . . 


Rkf|:rkncbs.* 

i^W/rorAtm., 3. 137, 1897 ,■ (Imm Pa! .VHP 
W. Mau. &r': M ^9 S lo i? F H /' ? li' t’ ‘A *•■■) 

M 9M I'ti” A M M ,7T%7 r k“- 2«8.1Wl: /ar„.7(«. Phy,. Vhe,n. Soc!. 

sSsS~:”“S.rrKr;‘:?” 

76 193722 iqofi- P llmJ « - Ji036r>6, 1915; H. Rossler. 

65, 1912: M toBlancVnrr ’ v VJ/,^' ’?'“• ■'""<■■* “"3 lAfir «W, London, 

/V. A'o. 202985, 192^ J" 


I § 39. The Sulphides o! Carbon 

tvs, hy wlth^'Letic 7 quwlrmdosulphide , 

with carbon disulphide. It is S to f v ‘‘"a »«atterH 

sulphuric acid ; aLl to b<. attalcd vkoST wt" ' i" 

was mentioned hy F. Ck^ment J.Sh DdsJLeH and J T'u 

to have made carbon dipentitamlphidc C S l)v tlifl mf ('laimetl 

T he brownish-red product is soJuWo in alkalf’lvL! ? ^ sodium on carbon disulphide, 

oloohol, or ether It i, S to ir , T 

O. Loow reported the torLHo„;^.,^lJ“ • ""<* -loMmpoeable at 150 '. 

by dieting tho product of the action nf^l ^*’«q^f»tdpftule or carbon trihemmdphide, C^S. 
or sodium amalgam on carbon disulphide w7th coim H<*etic acid, or of sodium* 

mto the 8oln.~ keeping the ammonia in eicess^ ammonia, p^mg chlorine 

with sodium sulphite, washing with hr# u«tn The product was purffied by digesting it 
brown powder lias no Si ^it i finally drying.* The 

«lightIy^>hibTelreXTSL Mt^C 4 “ 

of baryta water or potash -lye forms tho motal «„]. by ammonfa. A hoilmgsoln. 

it to an acid which fonns an easily soluble barium and oxalate. Nitric acid oxidizes 
salts. • C. Lowig &vi the ^id the formi.l« TrTi^ii’ daringly soluble load and silver 
acid. TheindiX% of -possibly thio-oxalic 

and they may be impure XSl ^ 

AsStoflel attribute the sulDliff Kl«?n^ ^ <‘arbon nionosulphide. J. p. Wibaut and 
do not decompoiie at 1000'’ Taievga^thar the preseijl^ of carbon sulphides which 

and uTiites withthe carbon fOTm^nm ^ sulphur of the pyrit^ is liberated 

such sulphides with 2 03 Md S’5 iSfceTTlZtht^h'' r 

at 400"il00(k'’ under^uced prS ^ heating sugar-charcoal and sulphur 
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B von iongyel prep»red'carI)on ditritasulplide, by boiling purified and * 
dried'carbon disulphide in a reflux apparatus ^hile the vapour is exposed to an s 
electric arc maintained between two carbon poles for two.or three hours, the inferio*; 
of the apparatus becomes blackened, and a black substance is found suspended m 
the liquid. If this is ffhered off, a cherry-red liquid if obtained which has a remark^ 
ably stroiifT odour, and prodiwcs great irritation of the eyes. This liquid is piloted 
to stand for 6-8 days over metmilic copper to remove f^ec sulphur, and is theff 
cvaponftetf by means of a current df dry air. A deep rfd li^quid is thus left which 
has tjio composition C-iSo- A. Stock and P. Pratorius prepared /pe compound by 
passing carbon disulphide through a heated qu|irtz tube, the most fev'ourabl^ 
temp, being lOOO^-lKK) ’ ; c?lrbon is deposited in the* tube at the same time, and 
diminishes the yield of^ditritasulphide. If the quartz tube is filled witt a spiral 
of iron wire, the formation of ditritasulphidc takes place below 800°, but it soon 
ceases owing to tke foripation of iron sulphide. They also found that the com- 
pound is foHiied, along with many by-products, whc^i^n arc is struck between carbon 
or metal electrodes; under liquid tarbon disulphide the disintegration of the anode 
exposes fre.sh,%}u)t surfaces continually to the carbon disulphide. Iron, copper, 
and aluminium electrodes gave no ditritasulphidc, whilst electrodes of arsenic, 
bismuth, lead, tin, antimony, cadmium, or zinc yielded the required compound, 
large quantities of the nietaWc sulphides being formed at the same time. The best 
results were obtained with a carbon cathode and an anode consisting of antimony 
mixed with 7 per cent, of carbon. The brownish-red soln. obtained is filtered, and 
then shaken wit h mercury and ])hosphoric oxide to remove sulphur and polysulphides 
and water. A soln. of carbon ditritasulphidc in carbon disulphide is thus obtained, 
from which by distillation, finally under a high vacuum, the pure substance is 
obtained in a receiver cooled to —-40° as a yellowish-red solid. 

Carbon ditritasulphidc at ordinary temp, forms a bright red strongly refracting 
li(|ui(l ; H. von Lengyel found that it evaporates in the air very slowly, and its 
vapour has a must vigorous action on the mucous membrane, a very small trace 
causing violent catarrh. IMaced on the skin, it merely produces a black spot. The 
sp. gr. of tlie liquid is 1’27389. Recording to A. Stock and P. Pratorius, the m.p. 
is —O b ’, The vap. den.^ity corresponds with the formula (^ 382 ; so also does the 
nv)l. wt. in carbon di.Adphide ; and, according to B. von Ixongyel, ^be mol. wt. 
by the f.p. method in benzene soln. A. Stock and P. Prator^s consider carbon 
ditritasulphide to bctfiie anhydride of tiiiomalonic acid, since, when treated with 
aniline, it reudily forms thiomalonanilifle. Hence its con.stitution isi represented 
S : C : C : C : S, This sulphffle is,th(‘refore analogous with carbon ditritoxide (q.v.). 
When heated, the dit rita.sulphide is converted into a liard, black mass with the same 
percentage composition, and which is probably a ^olymeride. When the liquid 
is rapidl}*heatcd to 100 - 120 '^', this change tajv^ place with explosive violence, but 
occurs gradual! V when it is gently warmed. A. Stock and P. Pratorius found that 
the polymerization at 90° is a reaction of the second order, and has been observed 
by measuring the diminution of pr<‘ss. The reaction occurs on the surface of the 
containing vessel. B. von Lengyel ob.served that the polymeride is formed when 
the liquid is prescjrvcd for a few weeks, and its formation is in all cases accompanied 
by the })roduction of a little carbon disulphidi. The liquid can be distilled under 
diminishalr press, at 60’-70‘', but a portion of it is always converted into the solid 
modificatfon. The liquid substance is insoluble in water, in which it sinks, but is 
readily soluble in alcohol, other, chloroform, benzene, and carbon disulphide. From 
a cone. soln. in the solvent last mentioned, the solid modificatioi^ is deposited, but 
a dil. soln. is more stable. According to A. Stock and P. Pfatorius, the alcoholic 
soln. decomposes after a short time. Dil. soln. in carl\on disulphide are salmon- 
coloured, more cone, soiw., yellowish«brown ; «above 1 per cent. cone, the sdln. 
gradually deposit black, polymerization products, even in the dark; soln.^below 
i per cent. cone, are stable in the dark, but not in the sunlight. Carbon disulphide 
soln. have no action on copper or mercury, but are decompoted by the sulphides 
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of these metals, owing, probably; to the formation of additive products. B. von 
Lengyel found that the ditritasulphido burns with a luminous, smoky flame, carbon 
^d splphur dioxides bein^ formed. Aq. potassium and somum hydroxides give 
almost black soln., in which acids produce black precipitates, whilst alcoholic potash 
jfcts vigorously and yields a deej> brown soln. A drop of cone.* sulphuric acid causes 
vioUnt hissing, and tlie whole mass is converted into thf- solid modification. Cone, 
ifitric acid causes ignition, whilst a more dil. acid dissolves the liquid, neither carbon 
dioxide nor sulphuric gicicf being formed, Th(f solid modification is h5rd,*has a 
fine, granular fr^ure, and is insoluble in water and all ordinary solvents. ,Aq. 
jTotassiiAn* hydroxide dissolves i| completely, and it appears to be precipitated 
unaltered on the addition of all acid. Wlnm h(‘ated, it^lecomjfoses, with the forma- 
ition of sufphirr, which sublimes, and a gas which contains suljihur, but is not carbon 
disulphide. A. Stock and P. Priitorius found that the black polymerization product 
is not affecte(i by water, sodium hydroxide, hydrochloric^acid, or chlorinh water. 
Heated in a vacuum it gives •(^rbon disul[)hidc and a black residue ^hich still 
contains 59 per cent, of sulphur. When bromirn? is added to a soln. of the liquid 
tricarbon disulphide in chloroform, heat is evolved, and a yell^j^^v precipitate 
produced ; this is carbon disulphohexabromide, C 3 S 2 Brc, which has an .aromatic 
odour, and is insoluble, or only very slightly soluble, in all solvents. Under 
similar conditions, a yellow jirecipitate is jiroduced with chlorine, but not with 
iodine. 

There has been a number of reports of the preparation of the sulphur analogue 
of carbon monoxide, CO, nanudy carbon monosulphide, CS. In 1857, for example, 
A. Baudrimont claimed to have made this compound as a colourless gas smelling 
like ether, (i) by passing the vap. of carbon disulphide over red-hot pumice-stone, 
or platinum sponge ; (ii) by deeomjm.sing the same compound by heating it to red- 
ne.ss with carbon or hydrogen; (iii) by boating antimony. sulphide with an excess of 
carbon ; (iv) by the action of car})on monoxide on hydrogen sulphide at a high 
temp. ; (v) by the action of sulphur dioxide or chloride on methane at a high temp. ; 
and (vi) by tlie action of beat on sulphur cyanide. J. F. Persoz claimed that he had 
prepared this compound twenty years earii(!r thtyi A. Baudrimont. M. Berthelot, 
•L.*Playfair, and A. Husemann showed that A. Baudrimont’s observations arc pro- 
bably wrongs H. Buff and A. W. Hofmann did not obtaih the alleged compound 
by the action of ^n electrically heated spiral, nor did A. W. Hofmann obtain it 
by the action of induction sparks on the va]). of carbon tlisul^'ihide ; and B. Bathko 
did not obt#>in the monosulphido by passiTig the vapour of thiocarbdnyl chloride, 
CSC 1 . 2 , over heated copper. . *" 

0. Loew stated that the gradual decomposition of carbon diwilpbide, exposed 
to direct sunlight, is attended ^y the separation of soWd carbon hefu it risulvhide^ 
and the excess sulphur remains dis.’^ol.ved in the carbon disulphide. T. Bklot found 
tliat carbon monosulphidi^ is formed when carbon disulphide is exposed to sunlight. 
The deposit on the walls of the vessel was washed with carbon disulphide. It is 
a red^ powder of sp. gr. 1'65 ; without taste or smell; and is insoluble in water, 
alcohol, tifrpentine, or benzene. It colours dil. nitric acid red and is inflamed by 
the cone. acid. A boiling cone, soln, of potassium hydroxide dyisolvesit, forming 
a dark brown soln. from which the njonosulphide is precipitated by adding an «xce8S 
of acid. The monosulphide decomposes at 2(Xf into carbon and sulphur, •and when 
heated with sulphur, it forms carbon disulphide and colourless crystals ^hich were 
not investigated. According to J. Dewar and H. 0. Jones, the product obtained 
by T. Sidot was^a {)olymerized form of carbon monosulphide. S. Kern claimed to 
have made carbon nfbnosulphide by allowing the disuljihide to stand for a long time 
in contact with iron wire ; . iron disulphide is simultaneously formed. S. M. Losanitsch 
^ ahd M. Z. Jovitschitsch found that when oarbon disulphide is decomposed by, the 
silerV electric discharge in Ihe presence of hydrogen or carbon monoxide, what is 
supposed to be carbon monosulphido is formed : CS 2 -I-H 2 — H 2 S-f CS, and 
CS2-1-C0=C0S-}-06. j. Thomsen said that when nitrogen sat. with the vap. of 



90 


INOJIGANIC AND THEORJITICAL CHEMISTRY 


t 

carbon disulphide is passed j^peatedly over heafed copper, the copper removes some* 
sulphur from the carbon disulphide, leaving carbon monosulphide. ^ 

J. Dewar and H? 0. Jones found that thiocarbonyl chloride reacts rapidly ^ 
ordinary temp, with nickel carbonyl (q.v.)‘. nCSC}2^nNi(CO)4~nNiCl2-}'*4nCO 
i'lCS)„. The nickel chloride can be extracted by water, and a brown solid remains. 
The analyses agree with (C|S)rt. The reaction takes place, although less rapidljs, at 
—20°, and the same result is obtained when the reacting^ substances are.diss^veid 
in dry, ether, light petroleum, cafbon tetrachloride, cf chloroform. , Even when 
the reacting liquids are carefully dried over phosphoric oxide, th/carbon monosul- 
phide is still obtained. The j)urification of the substance is* renderol ‘difficult 
by the fact that it i;ftains water and thiocarbonyl chloride with great persistence. 

To remove the.se as far as possible, the product obtained after extracting fkith water, 
was dri(^d at KXf , an<l fiten at 1 60° or 200", under reduced j^ress. The finely divided 
substanee had a sp. gr. of about I’C ; after comprassion into a solid block, the value 
1'83 was (i|)tained. The mol. ^ol is therefore J4», which is about 10 per cent, 
greater tha*i the sum of the at, vo4. of its constituents. Carbon nionosulphide is not 
altered by dil. 8ulf)huric acid, but with the Cone, acid it gives a purplish-brown soln 
the colouj of ^ich IS .slowly destroyed at thC b.p. when carbon dioxide and sulphur 
dioxide aro evolved WlieirtheiiuriilWi-browiuolii is poured into water, unchanged 

carbon nionosulplude is |)r<ipipitated. It is dissolved by cone, nitric acid at the 
ordinary temp., giving a red soln. the cdlour of which is only slowly destroyed 
on heating. It dissolves in aq. or alcoholic soln. of ammonia, ammonium sulphide, 
and potassium hydroxide, sulphide and hydro.sulphide, giving deep brown soln 
from which acids precipitate the carbon momwiilphide unchanged. When heated 
in a good vacuum, no change takes place below 360°, except the liberation of a small 
quantity of liydropi sulphide ; at a low, red heat, carbon disulphide is formed 
according to 2(C&),-:x(,+x('S.^. When heated in a current of dry hydrogen 
hydrogen sulphide is evolved ; when heated in dry chlorine, sulphur is evolved! 
Owing to Its non-volatihty, it seems probable that the red substance obtained by 

is^Mde " ^ “ Polymoric form of carbon 

carbon monosulphide is formed when sodignr 
Str u I' locoforin at 180°, and when silver sulphide i« heated wkh 

i m e e 'n tT’’, grL. of sodium 

^ff whfh '*7 cc of carbon disulpStde Agasisgiven 
off which 18 passed through aq. soda, ovea india-rubber, ami, hnally, through tricthyl- 

hbSam ' uionosuljihide ; it readily hlms with a 

ale, 1 anhydride. The gas is very readily absorbed by 

Jeohol and aniline, has a fleasant smell of purified carbon disulphide, and condense 

d'eternSI* "wh""’ “ ,''''7 coSstaiits of which have not been 

.n!ni n T " ^i"‘ 1"'”',' “P>«dos violently. J. Dewar 

*“•1 r ‘ '■'“cl'wgc. 1" ail ozonizer, it aiipears to be decomposed 

iwio ™fl‘‘”r ”l l“'i "'oa«»a>pl'i'lC' When thiwgas frault- 

aXhZ ;’'7 pa^cil through a tube cooled by liquid air, the mono- 

aulplyde is condensed along with the unchanged disulphide. If the condensing 
tube IS retpyved from the liquid air and its teih^i, allowed to rise, the monosulphide 
Mlymenzos with explosive violence to form the brown, solid substance, (C8), 

“Ot da® to the 

-M' L 2yhm'thl.“ ‘•*'7"^" diealpliide and it is formed (it temp, between 

*'"’P- larresence of excess of 
OTrbon duulphide yap., the gaseous nionosulphide appears to be fairly stable 
tmder ce^ conditions, gome of it mstiff pre^nt after passing the product from 
n* tube immersed m boiling siilplflir, or even through a.short, ' 
Iragth of red-hot tube. A beam of light reveals no solid particles in the gas. If 
the gas IB cooled in one tube at -120° followed by another at -J86°, il^is separated 
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into two parts — a white crystallinff solid which melts ftnly^when the temp, has risen 
to nearly 0 °, collects in the first tul^e ; the substance which ffives rise to the brown 
^olidjioes not condense at — 120 °, but is collected at —185°. ^The product from the 
ozonizer is completely deatfoyed by passing through 10 cms. of a red-hot tube loosely 
packed with asbestos ; it is also absorbed, destroyed, or caused to polymerize by*cocoa- 
nubch%rcoal, either at —78°, or at 250°, or at the ordinary temp. When passed over 
finely shredded rubber |ome of the carbon disulphide is. removed from the gas. 
The ozonizar product is fiestroyed by.fincly-divided platinum, nickel,* or* silver ; 
ferric oxide (notu^nite*d), yellow mercuric oxide, silver oxide, and barium peroxide 
react with it, giving sulphides.^ Solid potassium hydroxide, silver nitrate, lead 
acetate, .and sodium peroxidi have little or no actioif Nitric acid and cone, sul- 
, phuric a^id ibring about decomposition. Mixtures of carbon disulphide vapour 
with hydrogen, nitrogen, ether, methyl iodide, or chloroforni have no effect on the 
phenomena ojbserved. The vap. of thiocarbonyl chloride, etfiyl thioc&rbonate, 
ethyl dithiocarbonate, ethyl 1 «rjj^hiocarbonate, anft thiophene do not give rise to 
carbon iitonosulphide. The stability at high temp, is consistent with tlfe behaviour 
of an endothermic substance. At the* ordinary temp, the gaseou^ monosulphide 
polymerizes rapidly, even at low presS. and in jiresence of a large excess^of carbon 
disulphide. Comparisons of the brown carbon monosillphide produced in different 
ways show that they have probably different degnrs of })j)lymcrization. The 
sp. ht. between 15° and —185° of thlj polymeric form of carbon monosulphide 
obtained from thiocarbonyl chloride is 0*127, the mol. ht. being 5*59, as compared 
with the calculated value 5*556. The heat of combustion is 178,050 cals., and the 
heat of formation 10,000 cals. 

H. Kolbe 2 prepared thiocarbonyl chloride, CSClo, the sulphur analogue of car- 
bonyl chloride, (- 0 (l 2 » by the action of dry chlorine on carbon disulphide. From 
! H. Muller’s observations it follows that if iodine is dissolved in the carbon disulphide, 
t the action is accelerated ; with a boiling soln. sulphur chloride, carbon tetrachloride, 
and thiocarbonyl chloride are produced. H. Kolbe also made thiocarbonyl chloride 
by passing a mixture of hydrogen sulphide and the vap. of carbon tetrachloride 
through a red-hot tube : CCI 4 -I-H 2 S— 2 HCI-I-CSCI 2 . G. Gustavson made it by 
♦ lusting carbon tetrachloride and sulphur in a sealed tube at 180°-2t)0°. R. do 
Fazzi said yiat the yield is small. B. Rathke observed that it is formed w^en 
thiocarbonyl tetrachloride, is reduced wdh powdered silver ; or, according 

to P. Klason, wRen reduced with tin and hydrocldoric^ ^cid. M. Kern and 
M. Sandoz, warmed 30 parts of thiocaRcbonyl tetrachloride with’ 37 parts of 
dihydrated stannous chloride, 10 parts of cong. h 3 rdrochloric acid, and 7 parts 
of water in a closed vessel for 12 hrs. at 30°--35°. J. W. Jame;s obtained it by 
the action of chlorine on methyl thiocyanate. P. F. Frankland and co-workers 
made it by reducing thiocarbonyl tetrachloride with tin and hydrochloric acid, 
using 550 grins, of thiocarbonyl tetrachloride, 175 grins, of tin, and 500 c.c. of a 
mixture of equal vols. of commercial hydrochloric acid and water. The thiocarbonyl 
tetrachloride is added as rapidly us is consistent with the efficient condensation 
of thb distillate. The yield is 55-60 per cent. R. de Fazi found that the action 
of iron on thiocarbonyl tetrachloride may give ferrous chloride ^andjiarbon tetra- 
chloride, yet, with certain catalys^, the reaction may proceed: CCl 3 .SCl-lrFe-> 
FeCl 2 -f-CSCl 2 , with an 80 per cent, yield. He also found that sulphur does not 
react with carbon tetrachloride, even at the b.p., but in a sealed tube at 200 ° 
there is a slight reaction: CCl 4 -|- 3 S->CSCl 2 -l t^o yield is slightly increased 
if a little iodine^bq, present ; and if a mixture of a little iodine with sulphur and 
carbon tetrachloride be boiled for a long time a little thiocftrbonyl chloride is formed. 
Powdered iron can replace iodine as catalyst; red phosphorus and phosphorus 
ptentasulphide do not act as catalysts, Fea-ous sulphide and carbon tetrachloride 
do rpt act below 100 °, but if iodine be present, a little thiocarbonyl chloride is 
formed ; and ferrous sulphide and carbon tetrachlwide, without iodine, in a sealed 
tube grfve a.^arger yield than any other substances tried : CCl 4 -}-Fe 8 — FeCl 2 +CSCl 2 . 



92 ; INQRaANIO A^D THEORETICAL CHEMISTRY 

Tliiocarbonyl chloride, also called tkiophosfm, is a red mobile liquid wth a* 
suffocating odour, and decomposes in moist qir giving off fumes. 0. S. Billetet/ 
and A. Strohl gave T6085 for the sp. gr. at 15° ; and 7|8° for the b.p. at 730 mrtjf 
P, Klason gave 73 5° for the h.p, at 7(10 mm. P. Klason, and H. Bergreen said that it 
decoilipoBCS a little when heated to 200°, forming* carbon disulphide and tetrachloride. 

G. Carrara found tho index of refraction for the D-line to bo 1’54424. B.,Eawke 
said that tbo compound decf^mposes into tTichlorotne^yl-dithioformic c. chloride, 
CCl 3 .CSSffl, when expo.sed to sunlight, btif; if thorougKy purified mx change was 
observed. According to Jh Rathke and co-workers, 0. S. J^illetcf and co-workers, 
and R. Klascn, if exposed for sonic months to sunlight, polymerization wjcmts, and 
a colourless crystalline solut is formed ; it has a slight smell, is unchanged in air ; 
and melts at 112*5'^. It absorbs water vapour, and at 180° is transformed into the 
liquid. H. Kolbe, and H. Bergreen observed that water slowly decomposes thio- 
carbonyl chloride the cold, and more rajiidly when heated, forming qarbon dioxide, 
hydrogen pliloride and sulphidf,. B. Rathke fmitid that with an aq. soln, of 
potassium hydroxide it is immedmtely decomposed. P. Klason, and 0. S. Billeter 
and A. Strohl ^aid that when treated with iflcohol, carbonyl sulphide, ethyl chloride, 
and carhon hydrosulphotrmdphonale, 1IS.C(HSOh);j, are formed. P. Klason found 
that when thiocarhonyl chloride is treated with chlorine, it forms thiocarbonyl 
tetrachloride ; and when treated with sulphur in a sealed tube at 130°-150°, it 
forms chlorodithioformic chloride, Cl.CSSCl! According to B. Rathke, aq. ammonia 
quickly decomposes thiocarbonyl chloride, forming ammonium thiocyanate, etc. 

H. Bergreen found that when dried ammonia is passed into an ethereal soln. of 
thiocarbonyl chloride, ammonium chloride, and thiocyanate are formed, and when 
treated with ammonium chloride at 200°, or. according to B. Rathke, with aluminium 
chloride, carbon disulpliuh‘ and tetrachloride are formed. Reactions with organic 
com})()unds hav(5 been studied by B. Rathke, H. Bergreen, P. Klason, G. M. Dyson 
and H. J. George, and 0. S. Billeter and co-workers. 

According to B. Rathke/^ wlien chlorine is passed into a soln. of one part of iodine 
in 500 jiarts of carbon disulphide, sulphur chloride and thiocarbonyl tetrachloride, 
CSCI4, are formed. The products of the reaction can be separated by fractional 
distillation under reduced press. This compound can be regarded as irichloro' 
mthylsul'phur chloride, ot pcrchJoro-melliylmercapfan. P. Klason made it 

by the action of chlorine*on ( hiobarbonyl chloride in the cold ; and J. W. James, 
by the action of chlofinc*on methyl thiocyanate. P. F. Frankland and fellow- 
workers made it by trie action of chlormc on carbon disulphide iu thq presence of 
iodine : * 

Add 4 grfhs. iodino 2 kjjrmH. of carlxin disiilphido dried over calcium chloride; 
pass chlorine from a cylinder and dried by calcium chloriy[e, so that tho temp, does not rise 
above 20°-*2l5' , and almost all the gas is absorbed. When the increase in weight is approxi- 
mately that nHjuiri'd by 2t’S., f riClj- 2 ()SCl 44 SjClj, the passage of chlorine is stopped, 
and the mixture is run ui a thin stream into hot water contained in a largo vessel through 
which a cui’rent of stonm is blown so as to decompose the sulphur chloride, and to distil off 
the tetrachloride. Muoli sulphur dioxide is evolved, and a train of four condensers is iised to 
collect tho requiroil product. Tho first condenser w air-cooled ; tlio second fc coofed by 
ice ; and the ]ast two are cooled by a mixt ure of ice and salt. The tetrachloride is again 
distilled in steam ;*dri('d over calcium chloride ; and distilled with a fractionating column 
until^he temp, rises to 1 40"'. • 

• t 

Thioc^rbou}?! tetrachloride is a golden- yellow liquid, with an intense disagreeable 
odour, and it strongly attacks the eyes and respiratory organa. B. Rathke found 
the 8p. gr. to be 1*712 at 12*870° ; G. Carrara gave l'7l?85i at 1174° ; and 
P. Klason, 1*712 at 0°, 1*7049 at 11°, and 1*6953 at 17*5°. *B. Rathke gave 146° 
to 148° for tho b.p. ; and P. Klason, 149°. The boding liquid suffers a slight 
decomposition. When heated in a sealed tube at 200°, B. Rathke found that carbon 
tetrachloride and sulphur chloride arc formed. G. Carrara found 1*54835 for the 
index of refraction with the Z)-line. According to B. Rathke, when heated with 
water at 160°, carbon dioxide, hydrogen chloride, and sulphw are forniM ; the 
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decomposition is rapid in soln. of potassium hydroxide. * P. JClason, and J. W. James 
k found that chlorine alone, or better in the presence of a trace pf iodine, transforms 
into carbon tetrachloricie and sulphur chloride. P. Klason found that with 
sulphur at 150°-160°, carbon tetrachlpride,thiocarbonyl chloride, hexachlorodinjethyl 
di- and tri-sulphide are forme(f. Aq. ammonia wfcs found by B. Rathke to give 
amAonmra thiocyanate ; and cold nitric acid, s[). gr^ P 2 , forms frwhbromethyl' 
^Iphury} chloride, CCJs-SOoCl. P. Klason foumPthat tin and hydrocUoric acid 
reduce the t 6 tra(^loridc tofthiocarbonyPchlorid^, and with silver-dust, hexaihloro- 
dimethyl disulphide is formed. M. Albrecht obtained carbon hydrosulphopotae«ium 
trisulphonate, HS.C(KS 03 ) 3 , tke action of potassium sulphite. B. Rathke investi- 
gated a rtymber of reactions with organic compounds. “ 

► P. Klasoif ^ made thiocarbonyl thiochloride, CS 2 CI 2 , by heating a mixture of 
sulphur and thiocarbonyl chloridi; in a sealed tube between ISO"^ and 150^^, and 
fractionally distilling the product in vacuo. It is yellowooil, which boils in vacuo 
at about ^40° ; it is decomposed by chlorine into thiocarbonyl tetrachloride, and 
by sulphur at 160° into sulphur chloride and carbon disul[)hide. P. Klason, and 
B. Rathke made hexachlorodimethyl, disulphide, CCI 3 .S.S.OCI 3 , by/Hhe action of 
powdered silver on an excess of thiocarbonyl t(‘trachloridc. According to B. Klason, 
the viscid yellow oil boils undecomposed in vacuo at 135° ; and is but slightly 
volatilized in steam. It decomposes w]ien heated under ordinary press., forming 
thiocarbonyl chloride and tetrachloride. When heated with sulphur at 170° it 
forms hexachlorodimethyl trisulphide, CCI 3 .S.S.S.CCI 3 . The same comi)ound is 
produced when thiocarbonyl tetrachloride is heated above its b.p., or treated with 
sulphur at ]50°-160°. B. Rathke made it by allowing a mixture of thiocarbonyl 
chloride and sulphur chloride to stand for a long time ; and it is present in the pro- 
ducts of the action of dried chlorine on iodiferous carbon disulphide. This compound 
can be crystallized from alcohol when it furnishes colourless prisms, which are easily 
soluble in ether, carbon disulphide, and warm alcohol. It fuses at 57*4°, and it 
distils undeconqiosed in vacuo at 190° ; but under ordinary press, it furnishes thio- 
carbonyl chloride, carbon tetrachloride, sulphur chloride, and thiocarbonyl tetra- 
chloride as decomposition })roducts. The corrospontling compound, hexabroiUO- 
'diluethyl trisulphide, C 13 r 3 .S.S.S.CBr 3 , was made by (h Hell and F. Urech by the 
action of br<xnin{^ on carbon disulphide ; by A. vpn Bartaluy the action of sulphur 
on carbon tetrabr^mide ; and by W. PlottiikolT by tre/iting CS 2 Br 4 AlBr 3 , succes- 
sively with water, alcohol, and ether, and crystallizing froimpetroleurn- ether, when 
clear prismn were obtained. If crystallized from ether the crystals are tabular. 
A. von Bartal gave 123°~124° for the m.p., and O.-Hell and F. Urcch, 125°, and they 
added that the compound becomes red on melting. .It is ins'olub'c in water ; 
sparingly soluble in cold etliei>. alcohol, and glacial acetic acid ; soluble, in benzene, 
petroleum ether, and chloroform ; ,and v(!ry soluble in carbon disulphide and 
bromine. It decomposes slowly when boiled with alcohol ; at ordinary temp., 
100 parts of boiling alcohol, said C. Hell and F. Urech, dissolve 5*5 parts of the 
compound ; 100 parts of ether dissolve 2*35 parts at 0°, and 4*95 parts at the b.p. 
They also^'ound it to dissolve without decomposition in boiling cone, sulphuric acid. 
When heated with an excess of bromine and water, in a sealed tul^, carbon dioxide, 
carbonyl sulphide, hydrogen bromide, and sulphuric acid are formed. Dil. aq. 
soln. of the alkali hydroxides have no action in the cold ; but if Ijeated 'with cone, 
soda-lye or baryta-water, when air is excluded, polysulphide, carbonate, and bromide 
are formed but no sulphate is produced ; but if boilcdtwith an excess of lead oxide 
and water, a sulphate is formed. According to A. von Bayer, hexabromodimethyl 
trisulphide forms addition products with methyl iodide and with iodoform. 

* According to 0. Hell and F. Urechw when hexibromodimethyl trisulphide is heated above 
its m.p., small quantities of a^compoundof unknown constitution : C,Br 4 S 4 , are produced, 
and A. von Bartal obtained the same compound by the action of carbon tetrabromide on 
sulphur^ C. Hell and F. Urech said the indigo-blue powder retains 2 to 3 mols of water, 
and if heated for g Ibng time at 150®, A. von Bartal found the water was expelled. The 
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blue colour Mltributwl U the* preaenco of the -S.S-_group. The mhyifroue compomd 
ill iCftTcoly volatile. A. von Bartal, and C. Hell aqd F. Ureoh said that the compound is 
insoluble in ordinaiy solvents, easily soluble in phenol, and in hot cone, sulphunc aci^ 
forming a blue soln. ; it is sparingly soluble in hot aniline ? and easily soluble in cone, 
nitric or hydrochloric acid, forming a violet soln. which later becomes red. 
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§ 40. The History, Occurrence, and Preparation of Carbon Disulphide 

In I 79 S, W. A. Lampadiusi attempted to’deterniine the amount of sulphur in 
a sample of iron pyrites ; he heated a mixture of that mineral with carbon, and 
obtained an oily, sulphurous, volatile liquid. He tried heating the mineral with 
wood, anthracite, etc., and still obtained the oily liquid accompanied by, hydrogen 
sulphide, volatile hydrocarbons, and einpyreumatic matters. Ho called the pro- 
duct U soufre liquid, and k akool dc smifre, and regarded it as a compound of sulphur 
and hydrogen. In 1802, F. Clement and J. Bf Desorraes tried to find if charcoal 
which bail, been •calcined still contained hydrogen, and, on heating the charcoal 
with sulphur, obtained a liquid which they regarded as le hisulfure d'hydrogdne. 
They found that it did not 1)ehave towards a soln. of lead acetate like hydrogen 
sulphide, and finally concluded that it contained no hydrogeq. and they named it 
k soufre carhure. They tried without success to find the exact proportions of sulphur 
and carbon in k soufre carhure. Some unsatisfactory observations were made by 
A. B. Berthollet, J. B. Trommsdorff, H.l)avy, L.*N. Vauquelin and P. J. Robiq^uet, 
and M. Cluzel, from which it was not made clear whether or not the liquid contamed 
hydrogen, and even nitrogen. In a report by A. B. Berthollet^ some experiments 
by L. N. Vauquelin are described jn which the vapour was passed over heated 
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copper, whereupon carbon and cbpper sulphides were formed, and it was concluded 
that the former contained 14-15 ^)arta of carbon and 85-^6 parts of sulphur. 
(The compound was also aqiilyzed by J. J. Berzelius and A. Marcct. These analyses 
show that the liquid is carbon di^phide, OS2. J. J. Berzelius made a special 
Study of the properties of the* compound in 1823 ; and W. C. Zeise investigated 
its fiction on a number of -oxides, alcohol, etc. J. P. Wibaut showed that sulphur 
fe retailed by carbon which has been heated fh the vap. of sulphijr, and he 
assumes that th% product is a mixture t)f carbon and a sulphide of carbon which 
is non-volatile at 4000°. • 

* CarBod disulphide has be(m f(i*ind in the petroleums and benzenes of commerce 
by H. Ifl^er,2 Vincent and B. Delachanal, and K. HelbinJ^ ; in the gases from 
cess-pools, bj M. Scaiilan and A. Anderson ; in coal gas, A. W. Hofmann, and 
R. Witzeck ; and in oil of mustard (allyl thiocyanate), by A. W. Hofmann, and 
E. Mylius. • ^ ♦ • * 

F. Client and J. B. DesorMies,^ G. J. Mulder, etc., prepared carboy disulphide 
by heating carbon in the vap. of sulphjir. The* volatile compound of carbon and 
sulphur is condensed in vessels surrotyidcd with cold water. The jf^oduct is con- 
taminated with free sulphur, which volatilizes with tl^e carbon disulphMe ; some 
hydrogen sulphide is formed at the same time by the action of sulphur on the 
hydrogen in the charcoal. T. Sidot sho^^ed that at a iflean red heat a greater yield 
[is obtained than at a dull red or a bright red-heat. M. Berthelot, and W. Stein 
ishowed that the reaction is reversible, for, when carbon disulphide is heated to red- 
ness, it decomposes into its elements : CS2^C-f 82. Accordingly, F. Koref found 
|that the equilibrium constant i^=[S2]/[CS2] 0'()78 at 823°; 0*115 at‘9.>6°; 0*179 

At KK)9° ; and 0*258 at 1383°. He found the observed results at T° K. can be 
represented by log A"—— 2740 T i-}-l*38. In the decomposition experiments, the 
value of the constant fell with time owing to the formation of silicon sulphide, 
BiS2, which acts as a carrier of sulphur, re- 
converting the carbon set free into carbon 
disulphide. In the manufacturing proce.s8, 
the charcoal is contained in vertical cast iron 
•or* earthenware retorts, 10-12 ft. high and 
1-2 ft. diam.f set in a suitable furnace. The 
heat of the furnac# melts the sulphur placed 
in a hopper near the base of the retort, the 
sulphur vapwises through the red-hot charco*al 
and forms carbon disulphide which escapes 
at the top ; the end of the exit pipe dips 
under water where much tf the carbon 
disulphide is condensed. The condensation 
is completed in long condensing coils — 30 ft. 
long — and the escaping hydrogen sulphide 
can b^ absorbed by slaked lime (E, Diess), 
or ferric h/drate (A. Payen). Various modi- 
fications have been suggested by J. Farbaky, 

P. Schuberg, E. Diess, A. Galy-Caaalat and 
A. Huillard, I. Singer, Chemische Fabrik 
Griesheim-Electron, etc. A. E. Delph found 
that the deposit which forms on iron or steel 
in contact with* carbon disulphide vap. at 
400°, can be prevent^ by a thin coating of 
aluminium. In E. R. Taylor’s electric process 
a cylindrical furnace 40 ft. Ingh and 16 ft. ill 
diameter is packed with cole from the top. 

Fig. 59 J the coke is renewed through the side hopper C. An alternating current 
is sent throtgh th^ electrodes E set at right angles to one another at the base of 
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the furnace. , The heat melts* the sulphur on the floor of the furnace ; the vap. of 
sulphur rises throu^i the coke, forming eaihoii disulphide. Fresh sulphur is / 
introduced through the hopper shown in the diagrapi. The carbon disujphidr 
passes off at the top of the furnace, aiuj is .condensed in the condensing coils. 
The ^ectrical process is practirally continuous anfl is free from the troublesomh 
leakages and heat-losses incidental to the retort process. The subject lias Ifeen 
discussed ^ G. A. Richter, and M. Waeser. t * ' 

B. Hassow and K. Hoffmann liave iiwcstigated tlfe epnditi^ns finder which 
carbgn disulphide is form.-d from sul])hur dioxide and lieated \^>fc)d charcoal. At 
700®, only traces of carbon di.sulphhle are formed.. Above 750^ the yield* gfadually 
increases, carbon ox^sulphitle, carbon dioxide, sulphur vap. and small ^lantities 
of carbon monoxide ^Iso being formed. At 850-000', the yielfl of carbon* 
disulphide reaches a maximum and aecounts for 35 percent, of the sulphur dioxide, 

55 per cent, being founck as oxyi^iiiphide and l(t per cent, as free siiiplbur. At temp, 
above 900'"^^ the free sulphur increases at the exjafise of the carbon disuluhide and 
oxysulphide, and above 1 KKF the^ole jtroducts of the reaction are free sulphur and 
carbon monociide. The low yield obtainabh* and the danger, and the trouble 
attending. the handling of the oxysulplihle, render this rnetlntd of preparing carbon 
disulphide iin})racticabl<5 ‘for industrial purposes. \V. A. Lampadius, and 
K. and L. Labois obtained (^irbon disulphide by heating a mi.xture of earbon with 
iron or copper pyrites, or antimony sulphide. M. Ib'rt helot, (' Rrunner, W. Stein, 

G, J. Mulder, A. Schrdtter, T. Sidot, V. A. Favre and .1. T. Silbermaiin obtained it 
by heating various carbonaceous substances— horn, wax, sugar, etc. -wit h sulphur ; 
and A, Mittasch and K, WilHroth, by heating a mixture of carbon monoxide and 
sulphur vap. along with a suitable catalyst. B. Rat like found that it is formed 
by heating carbon tetrachloridti and phosjihorous sulphide in a seahsl tube at 
200°; J. Gudamer, by heating allvl thiocyanate with water in a seah'd tulie at 
100°“105° ; A. W. Hofmann, by ilistilling natural oil of mustard ; F. A. Wont, 
by distilling cultivations of schizophyllum lobatum a fungus which occurs in 
Java on old fallen branches of pectocarjms bandioo stems, etc,.- if in hydrogen, 
the fungus produces no carbon disulphide, or only traces ; G. <-apelle, by jiassing 
acetylene into molten sulphur; and R. Willstiilter and T. Wirth, by heathig' 
thjoformamide hydrochloride out pf eontact with air, • ^ 

The purification of carbon disulphide.- When the carbon disulphide is re- 
quired of a high degri^o purity, B. Delachanal and A. Mermet^ recommended 
preparing it by the decomposition of a metal I hiocarbonate. The cnide carbon 
disulphide obtaimvl by the action, of sulphur vap. on carbon has a foetid odour due 
to the presence cd organic; sulphur compounds, hyiirogen .sulj)hide, etc. The crude 
liquid also lias sulphur in soln., and this can In' Ia’'gely removed by distillation. 

E. Deiss.'for instance, fractionally distilled the crude liquid and found that the 
constituents with a repulsive odour collected in the first fractions, and sulphur in 
the last fractions. The middle fractions were purest. M. Boniere purified the 
crude liquid by distillation from a cone. soln. of .sodium hydroxide, and ppsing 
the vapours through alkaline liquids and soln. of salts of iron, lead, or copper. 

8. C/1o§z purified carbon disulphide by agitation with finely powdered mercuric 
ohloride, followed by distillation over an inodorous fat, N. A. E. Millon, and 
A. CommniJle distilled the liquid from milk of lime, and allowed it to stand in 
contact w'lth litharge or with copper, zinc, or iron turnings; G. C. Wittstein 
expressed doubts as to the efficacy of this procedure. I. Singer washed the liquid 
with milk of lime and distilled the product mixed with a siln* of lead acetate. 

T. Sidot, and 8. Cloez agitated the impure liquid with mefeury ; and 8. Kern, 
with a mixture of lead and lead nitrate. L. H. Friedburg distilled the liquid over 
palm oil, digested the product with fftming nitric acid, washed with water, and 
rectified. P. C. Marquart stated that the violet colour observed when carbon di- 
sulphide is treated with fuming nitric acid is due to iodine nearly always present as 
an impurity in the acid. E. Allary treated the crude liquor witlf potassium penuan- 
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ganate ; and E. Obach distilled the liquid over qiiiclcliin^ ; agitated .the product 
^'itli potassium permanganate, morcirv, and mercuric sulphatt^; and finally rectified 
lb. P, Palmieri agitated ^00 parts of the crude li([uid with 2-3 parts of drii'd 
copper sulphate ; and subsequently /ectified over dry copper sul|ihate. The result 
i^as good. A. Clienevier treated a litre of crude tarbon disulphide with 0*5 c.o. 
of Uromine for 3-4 hrs., removed th(‘ excess of bromine by potash-lye, or copper 
t1irnings,»and distilled tlft product. M. von Unnfli agitated the crude Ijquid with 
mercury, and porous oalciam chloride, ^nd dislillcd it in the dark. 0. Huff and 
H. Golla digested d^he carbon disuljihide with a sat. soln. of sodium sulphid# for 
hrs. * The sodium thiocarjioi^tc was separated, treated with copper sulphate, 
and the rt'^juilting copper thiocarbonate decomposed by passing*steam into the soln. 
•The [)ure cai’lion disulphide so obtained w^as di.stilled in sieani, and finally dried 
with idiosphorus jicntoxide. 


• Ukfkuknces. • 

• 

^ W. A. Laiiijiachus, GehU n''* Journ., 2. JU2, ISOO ; (him. Phys., (1),^9. 24.J, 18()t; 
Phi. Muy., (1), 20. JIM. 1805. 1*\ ( lament aiuJ J. Jt. l)rM»rnu>.s (1)» 42. 1€1, 1802; 
L. N. VaiKiuHin and P. .1. Kohiqiu-t, ?//., (1), 51. 145, 1804 ; A.*B. Horthollet, //>., (1), 61. 127, 
1804; d'.frrunl, 1. :104, 1807; Phys., 64. 2:17,#1S07 ; J»h. ('Intn. Phy/*., (1), 

83. 252, 1812 ; M. ('lu/.oi, Phd. Mm/., {!), 43. ^08, 1814 ; .!«//.. (him. Phyx., (I). 83. 252, 1812; 
(1), 84. 72, 113, 1812 ; •!. J. Hcr/.oltus and A. Marnd, d>., (I), 89. 83, 1814 ; Phil. Tram., 103. 
171, 1813; Sch in !</</( r'x Journ., 9. 284, 1813; (hlhrrf'x Ann., 48. 136, 1814; ,1. .1. JlomiliUH, 
P(XI<I. Ann., 6. 111. 1820; Ann. Chim. Phys., (2), 20. 242, 1822; W. C. Zfise, (2), 20. 06, 
1824 , .1. 1*. ('(*u(‘rl)o, il)., (1), 61. 225, 1807; (1), 62. 106, 1807 ; J. B. TrommsdorfT, Tromms- 
dorjfx Journ., 17. 20, 1808; II. Davy, Kkmnitx of ('hcmical Philosophy, London, 1812; 
.1. P. Wihant, Hcc. Tran, ('him Payx Pas, 41, 153, 1022. 

* 11. Hager, Ihmjhr'.^ Journ., 183. 166, 1867; M. .Scanlan and A. Anderson, Journ. Chm, 
Soc., 3. 13, 1851 ; ('. V'incent and B. Delachanal, Compt. Rend., 86. 340, 1878; K. Holbing, 
Lifhu/s Ann., 172 28l, 1874 ; A. W. Hofmann, Journ. Chrm. Soc., 13. 86, 1861 ; Ikr., 13. 1732, 
1880; K. Myluj.s, Arch. Phaim., (3), 10. 207, 1877 : Anon., Journ. Gasbclmchl., 51. 83, 1008 ; 
n. Witzcrk,*j6.. 46. 21. 67, 84. 144, 164, 185, 1003. 

® F. f'lvnu'nt and J, M, Dosormfs, Ann. (Jnrn. Phys., (1), 42. 121, 1802 ; T. fcJidot, Ihtll, Soc. 
('him., (2). 13. 323, 1870; ('ompt. linid., 69. 1303, 1860; M. Bcrtholot, tb., 67. 1251, 1868; 
96.^00, 1883; J. JVrso/., ih , 44. 1218, 1857; 1. Singer, Bull. Soc. Chim., (3), 1. 674, 1880; 
N. A. K. Millon, ib., (2). 10. 317, 1860; M. ib., (4), 3. 161, ^908; K. Diess, Bull. Soc, 

d'Enc., (2), 10. 717, 1863 ; A. Pa>en, d>., (2), 10. 717, 18(^3 ; A. Qaly-Cazalat and A, HnillarM. 
liril. Pot. No. 2085, 185^7 ; ('hemi.scln' Fahrik Mriesheim-Eloktron, t’6,, 174040, 1021 ; M. Bninner, 
Pogy. Ann., 17. 484, 1820; A. Schrottor, Lubitfs Ann., 39. 207, 1861^; B. Hathko, ib., 152. 
2<Hl, 1860; (}. J. Mulder, Journ. prakt. ('hem., (1)1 13. 444, 1838; W. Stem, j 5.,*(1), 106. 316, 
1860 ; B. lUsJow and K. HolTmann, tb., (2), 104. 207, 1022; ^5. Waeser, Ch<m. 7Ay., 46. 028, 
1022; J. Farijaky, Zeit angew. Chem., 7. 226, 1804; 1*. A, Favro and J. T. SilbtTmann, Ann. 
(him. Phys., (3), 34. 360, 1862; F. Korof, Zeit. anorg. Chem., 6|^. 73, lOW ; E. H. 'J'aylor, 
Journ. Franklin Inst., 165. 141, 1908 ; Trans. Amer. Ekctrochcm. Soi'., 1. 115, 1002 ; (J.S. Pat. 
No. 688364, 1901 ; 706128, 1902 ; 871971^1007 ; Zat. EUktrochem., 9. 679, 982, HalxT, 

tb., 9. 309, 1003; K. ('. E. and L. L. LabOis, Duujler's Journ., 238. 321, 1880; Grrman Pat., 

D. Jt.P. 10561, 1871 ; W. A. LanipadiuH, Ann. (Jhim. Phys., (1), 49. 243, 1804; Phil, May., (1), 
20. 131, 1806; Jmirn. prakt. Chrm., (1), 4. 452, 1836; J. Gadamer, Arch. Pfuirm., 235. 63, 
1897 ; G. A. Richter, Chi m. Met. Eng., 27. 838, 1922 ; Trams. Amer. Kleclrochcm. Soc., 42. 263, 
1922; A. W.*Hofinann, Ikr., 13. 1736, 1880; R. Willstatter and T.Wirth,i6., 42. 1917, 1909; 
F. A. Went, Ikr. dent. boi. Ges., 168, 1896 ; P. Sehuberg, ZrU. Chem. Aj)p. Kunde, 1. 10, 1906 ; 

K. Dclpli, Brit. Pat. No. 180176, 1921; A. Mittosoh and F. Willfroth, Gmnian Pat., D.R.P. 
308322, 1922. • • 

* S. Mloez, Compt. Rend., 69, 1366, 1809 ; Oxydalion deji mati'eres grasses vigitsUes, Paris, 
1866 ; N. A. E. Millon, BvU. Soc. Chim., (2), 10. 317, 1869 ; E. Allary, ib., (5), 85. 491, 181^ ; 
1. Singer, ib., (3), 1. 674, 1889 ; A. Comrasulle, Journ. Pharrn. Chim., (4), 8. 321, 1868 ; G. C. Witt- 
stoin, Vierklj. Pharrn., 18. 288, 1869; S. Kern, Chem. News, 32f 103, 1876; L. H. Friedburg, 
Btr., 8. 1616, 1876 ; .P./J. Marquart, ib., 9. 127, 1876 ; A. Chonevior, Zdt. anal. Chem., 31. 68, 
1892 ; M. von Unruh, Zkit. anorg. Chem., 32. 407, 1902 ; H. Arctowsky, tb., 6. 267, 1894 ; 

E. Obach, Journ. prakt. Chem., (2), 28. 281, 1882 ; B. Delachanal and A. Mermct, Comjd. Rend., 
79. J078, 1874 ; E. Deiss, Bull. Soc. Nat. Ind., (2), 10. 717, 1863 ; M. Bonitro, French Pat. No. 
,10988, 1868; P. Palmieri, Zeit. ami. Cheh., 21. 254, 1882; O. Ruff and H. Golla, Zeit. anorg. 

Chem., 138. 31, 1924. 


VOL VI. 



98 INORGANIC MD TJiEORETlCAL CHEMISTRY 

• • 

§ 41. The* Physical Properties of Carbon Disulphide 

Impure carbon di.sulp}iirJ(! is a liquid which has Vgdeur des ceiifs pourris, 
the spiell of the purified liquid is not unpleastyit, and it recalls that of chloroform. 
W. A. Wahl i obtained spheruKtic crystals by cooTing the liquid, and, when thes^e 
were melted and rccrystallizt'd, long needle-like crystals, very strongly doubly reff act- 
ing, were formed winch belonged*to the monoclinic or trmltnic system -probably the 
latter * V? and C. Meyer found the vapOUr density to ifc 2-,b8 wlyn the theoretical 
valiM' for CSo is 2*62. A. Schulze found that the vap. density qt isarbon disulphide 
indicates a 2 percent, association. The vap.«de^8ity (air unity) a3d* specific 
volume (c.r. ])er gn^n) of tie vap. of carbon disulphide between 48 38°^d 
were determined by \ Widiner and 0. (Irotrian ; and between --29‘34° and the 
critical temp, by A. Battelli. R. Lorenz and W. Herz,and G. M. Schwab measured 
the mol, vol. A* Hateil* gave • 

* - 7H82" 1.3(As" 20‘)'32*, 273-0“ 

Sp. vol. . 20482-.1 12.''.l-.‘t * 1.37-21 . 4fclG2 23-892 10-094 2-718 

Vap. density « 2-()20r» 2-().')39 2-7020.5 2-9200 3-1218 3-8057 7-8280 

A. 0. Rlinkine estimates ^le collision area of the mol. of carbon disulphide vap. 
to be betwism I 'lTxlO and l‘23xl0 i-'' sq. cm. J. L. Gay Lussac gave 1'293 
for the specific gravity of the liquid at 0'^, mid 1*27 1 at LT' ; If. L. Buff gave 1*29858 
at 0^ 1*27901 at Kf, 1*200.52 at 17", and 1*227431 at 40". J. H. Gladstone gave 
1*2909 at 23 ’, arul 1*2.591 at 30" ; H. Nasini, 1*2634 at 2074" ; G, E. Linebarger, 
1*25958 at 25"; A. Haagim, 1*2001 at 20"; H. Schiff, 1*2*233 at 40*571° ; T.E. Thorpe, 
1*29215 at 0"/4", and 1*22242 at 40*Ot"/4" ; H. V. Hegnault, 1*2823 at 5°-10°, 
1*275 at 10 - 15", and 1*2070 at 1.5"- 20"; J. I. Pierre, 1*29312 at 0"; A. Winkel- 
mann, 1*2005 at 10*00 '; J. Timmermans, 1*29270 at 0"-4"; W, Ramsay, r2176 
at 4.3"; J.. H. Friedburg, 1*200 at 1.5*2"; and J. Drecker, 1*26569 at 17*86", 
1*20446 at 18*58", 1*2.5031 at 28*21", and 1*23863 at 35*96". E. Beckmann found 
the sj). gr. at the bp. to bo 1*2223, and M. von Giiruh, 1*2209. Values were also 
obtaiiK'd by W. A. Lampadius, F. (dement and J. B. Desormes, M. L. Frankenlieim, 
A. de la Hive, 11. F, Weber, F. Ih Brown, J. J. Berzelius and A. Marcet, M. Gluzel, 
J. P. C’onerbe, A. Hitzel, J. W. BrUhl, etc. A. WUllner represented the sp. gr\ S, 
atd" betwemi 7" and 2^ Jiy the nqiiation 29366 -O* 001 506(9 ; J.1. Pierre gave 

l'292-/S(l-f-0*001 1 l02-|-0j95l37dH0*07l912^^) ; and .1. Timmofinans for the sp. gr. 
at T" K., upwards •from absolute zejo, (S----l*67307 --0*00130856r-0'Oo3180rA 
The sp. gr. of binary mixtiups of carbon disulphide with ethyl and pfbpyl alcohols 
were determined by J. Holmes*, with acetic ether, toluene, and chloroform, by 
G. E. binel?urg(’l' ; and 4vith carbon tetrachloride, and benzene, by F. D. Brown. 
The changi's which occur on mixing carbon disulphide with alcohol, chloroform, or 
benzene wi’re measured by F. Guthrie. 0. Drucker found that the molecular 
elevation of the critical solution temperature for carbon disulphide and methyl 
' alcohol is specific for each substance added to the binary system. N. Scboorl and 
A. Regenbogen studied the ternary system — ^water, alcohol, and carbon disujphide. 

The coeff, of compressibility, j 8 , of carbon disulphide was found by M, Amaury 
and C. Desc!lmp.f 2 at 14" to be 63*5x10""® per atm. ; L. P. Cailletet, 98xl0~® per 
atm! at 8 ° and 607 atm. ; W. C. Ronigen, 89 xt 0 ~® at 18" ; E. H. Amagat, 87 x KT® 
per atm.*fletw(ien 9 and 38 atm. at 15*6", and 174x10"-® at 99*3" ; or, 0*0490 at 
20", O O 3 IO 7 at 40". 0*03128 at 60", and 0*03149 at 80" ; and P. W. Bridgman gave 
O O 492 at 20", 0‘0gl07 at 4r, 0*03133 at 60", and 0*03150 at 80". The last-named 
also found the effects of press, (kgrms. per sq. cm.) and temp^^n*the vol. of carbon 
disulphide indicated in Table XXVII. W. Seitz made observations on this subject. 
According to A. Ritzel, at a press, p atm., the compressibility coeff. is : 

QAofP • . 107 262-5 • 441-6 679-6 

. . . 77-2 69-6 60-1 610 * 

QBolJP ■ . . 116-5 236-0 342-0 496-6 

\)8xl0‘ . . . 83-2 71-9 69-» Cl-7 

• 
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A. Schulze found the ;w-curves of carbon disulphide at ^8*82°, and •ISO’iS® show 
^that the mol. association decrease.s*witli increasing temp. ; a«d at constant temp., 
increases with increasing ii)r('ss. Compressibility measurements show at 80°, 0 5 
per cent, more association at 2 |itm.4thaii at 1 atm. press. • 

^ABtE XXVII. — The Effects of Pressi rh and Temperature on the Volume 


• % of Carbon JJisuLfHiDE. 



_! - 

• 


• 


• 

• 

Press. 

# • 

20®. , 

• 

30® i 

j 1 

40® 

51)'" 

SO® I 

' 70® 

sp® 

r. 

1-0236 

• i 

1-0367 ; 

1-0490 

1 0630 

1*0775 1 

‘ 1-0928 

1-0992 

1000 

0-9586 

! 0-9G71 i 

0-9752 

0-9829 

0-9907, 

0-9991 . 

1-0083 

2000 

0-9173 

; 0-9240 

0-9302 

0-9362 

0-9423 1 

0-9485 i 

0-9562 

4000 

0-8647 

I 0-8688 j 

0-8732 

0-8770 

0-8823 i 

a-8865 1 

0-8902 

0000 

0^295 

0-8329 ^ 

0*8367 

0-8406 • 

0-84l2 

0-8472 1 

0-8501 

8000 . 

0-8022 

; 0-8061 : 

•0-8100 

0-8131 

0-8162 ! 

0-8191 ; 

0-8220 

10000 

0-7805 

0-7H44 ' 

0-7879 

0-79l(t 

0-7940 1 

0-7969 1 

0-7997 

12000 

0-7638 

0-7658 1 

0-7682 

0-7710 

0-7743 

0-77'jij : 

0-7795 


A. Hitzel measured the compres-sibility of mixtni^'s of carbon disulphide and 
acetone. T. M. Cardiier studied the •adiabatic expansion of carbon disulphide 
vap. ; and A. Horstmami, H. Herwig, T. E. Thorpe, and E. H. Amagat, the expan- 
sion and compression of the vap. K. Cans discussed the symmetry of the mol. of 
carbon disulphide. W. Kamsay and J. Shields found the surface tension of the 
liquid in contact with the sat. vap. to be a— 33‘58 dynes per cm. at 19‘4° and at 
46* r, <T- 29 41 dynes per cm. ; the specific cohesion ff“-=5’40 sq. mm. at 19'4°, and 
4'9U sq. mni at 46*1°. 8. von Wroblewsky examined the effect of dissolved carbon 
dioxide on the surface tension of the disulphide. The mean molecular surface energy 
was 2 022, the characteristic of a non'a.s80ciated liquid. M. E. Krankonheim gave for 
t (T dynes })er cm., and a- 8<p mm., 32'2 and 5' 10 at 0°, and 29*8 and 4‘48 at 25° ; 
W. F. Magic gave 31'74 and 5 071 at 20^ ; and A. M. Worthington, 29'33 and 4*71 at 
A. Kitzel gave a- 31()l dynes ])er cm. at 25'’. 11. Lorenz and W. Herz gave 
a -^^27*3 at tljfi b.p., and 48‘9 at the m.p. The surface i(‘n.si9us of mixtures of carbon 
disulphide and chloroform were determined by W. •Ramsay and E. Aston. 
A. Wijkander gaA^(i for the viscosity of the li(|uid (vfatea unity) at 20°, 0*205; 
at 25°, 0 l9j ; and at 30°, 0190. T. E. il’horpe and J. W.*Rodger»gave for the 
viscosity coeff., rj: ^ » 

((•40' OM.V' 11)04' aoso® ^ 40T.2% • 4r)-0(l® 

TJ . . 0-00428 0:00307 000307 000342* 0-00317 0-00300 

• • , 

and they represented the viscosity • coeff. at 0° by t; — 24*379(1 99*1 7 0328. 
Observations were also made by M. Brillouin. The viscosity of the vap. at 0° was 
found by J. Puluj to be 0*0(XK)924. V, Henri di.scussed the electronic structure 
of the mql. The viscosity of binary mixtures of carbon disulphide with ethyl 
alcohol was determined by A. E. Dimstan ; with ether, acetic ether, benzene, 
and toluene, by C. E. Linebarger. P. Walden gave 2170 atm.*for*the internal 
pressure of carbon disulphide ; afld I. Traube gave 1980 atm. F. S. Mortimer 
calculated the internal press, from solubility data. D. L. Hammick i!^d for the 
constant a in J. D. van der Waals’ equation, 0 02412 atm. J. E. Mills studied 
the molecular attraction. J. Stefan found the difftnion coeff. of air in carbon 
disulphide to b5 Cf0995. J. Duc-laux and J. Errera studied the filtration of 
carbon disulphide through colloidal membranes. A. Masson found the velocity 
ol sound in carbon disulphide at 0° to be 189*00 metres per sec. ; A. Lechner, 
• 204*7 metres per sec. at 48° ; abd E. HT Stevens, in the vap. at 99*7°, 223*2 
metrA per sec. 

The coeff. of thermal expansion of carbon disulphide has been determined 
by G. W. Jiuncke? who gave for the vol.,^ v, at 6°, v==t;o(l‘fO'001125691^ 
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4-00a71504e^- i <)0«12PH)65^), whoro % is the vol. at O'’; J. 1. Pierre gave 
v--Vo(i+0‘OO11398d>()-O5i;i7O7^“fO O7l0I23^-^ ; G. A. Him +0' 0011 6806^ / 

4-0 f)r, 16490^2 -O'OyBl 1 1 2i9‘‘+O-OjnfiO9504), between 30" a«id 1 60° ; and T. E. Thorpef- 
V - #,)(! d- O(JOlir)()5(;0 ■] 0 O 5 IJ 16210-^ -f OO 7 1717503 ). p, Walden gave 
v--'eo(ld between 0° And 30°. E. H. Aniagat found that under normal 

press., etlier i.s more e.Ypansible than carbon disulphide, under 2500 atm.*pr^88., 
the expaiuiibility of the two In^iyds is the same ; a|^(P under 3000 a?tm., thh 
expansibility of carbon disulphide is the* greater. W. Seitz m#de bbservations 
on the thermal expansion of carbon disulphide at low temp, ; aiid»J. J. Saslawsky 
studied the relation betweey the thermal expansion^and the critical temp. The 
thermal conductivity of carbon disulphide was found by R. Goldschmidt to be 
0'0003879 cal, per cm.»per sec. per degree at 0°; by H. F. Weber, 0’000417 at* 
5'4° ; and 0'0(J0343 between 9° and 15° ; by L. Graetz, 0 000267 at 13° ; by 
C. Chree, 0'(K)05.ff at If)'5° ; wid by A. Winkelmann, 0'00200 at 10° to 18°. 

E. Pauli fojind the ratio of the tlmrmal conductivity of the vapour at 1Q0° and at 
10° to be iioo//*!)- -1‘516. P. W. Bri<lgmay gave 0(KKJ382 at 30” and 0’0(X)362 at 
75 '; and if tiTie value at 0 kgrm. per sq. ciy, ]»ress. be unity at 30°, the value at 
1000 kgrliis. p('r sq cm is J‘l74, and at 12,000 kgrms. ])er sq. cm., 1‘962. 

The specific heat of carl)on disulphide was found by A. Battclli to be 0*195 at 
-96°; and 0*238 at 0°; f{. V. Kegnaull gave 0*2303 at -30°, 0'2352 at 0°; 
and 0*2401 at 30 , and In; re])rosented the sp. ht. at 0° by O*2352-fO*lK)O1620 ; 

G. A. Him gave 0*2388 for the sp. ht. at 30° ; W. Sutherland, 0*260 at 120° ami 
0*2882 at 160° ; and ('. Porch gave 0*242 at 18°. H, V. Regnault found 0*160 for 
the sp. ht. of carbon disul[)hide vap. at constant press, between 86° and 190° ; and 
M. Pier gave 0*137 for the sp. ht. at constant vol. between 0° and 2000.° K, Zak- 
rzewsky found for the sp. ht. at constant vol to be : 

-ao" -70" -r»o" -- 20 ” 0 ° 

8p. bt. . . 0-1 10 0-114 0-121 0-139 0*160 


For the ratio of the two sp, hts,, P. A. Muller gave 1*189 between 21° and 40° ; 
K. Uimh'l, 1*205 b(‘tween 3° and 67° ; E. H. Stevens, 1*234 at 99*7° ; and K. Thibaut, 
1*199 at 17° and 202 mm. The*8p. hts. of binary mixtures of carbon disulpl^ide 
ap<l ethyl alcohol, chloftaform, and benzene have been determined liy J. H. Schuller. 
A table of tlu^ vapour pressures 0 '^ carbon disulphide between "30° and the critical 
temp., at intervals o^io°, has been determined by A. Battelli. *He found at —30°, 
7*97 mm ; lU --2(»°, 42*41 mm., and at —10°, 128*39 mm. At the critical temp. 
273*05°. the critical ])ress. ^vas 55,380 mm. The other results are *indicated in 
Table XX Vi II. , H. V. Regnault represented his observations at 0° between —20° 


t Taui.k .\XVII 1. — ^\'ArooB PiiKsauan of Qxrbon Disulphidk 
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S 




10* 20“ ' SO* 40® 


oO® 


00® 70° 80° j 90® 


1 

2 


128-39 198-01 296-48 432-76 616 75 

3383-4 ‘ 423P4 5225 0 6362 0 7651-6 

23813-3 27555*4 31518-9 35676-0 39993'7 


869-49 1172-9 1669-6 20fe2-l 2662-8 
9094-9 10963-2 12448-8 17095-1 20317-8 
44444-6 48997 2 53622 0 — -- 


and 150°, by log p-=a+6a»*«--0-f-C)3«-*-“'k where a log p=--5*401162-3*4405663a«-^2o 
*- 0 * 28573686 ^<>^ 2 o^ where 4og «~1*9977628, and log j8=P9911997. C. Antoine 
represented his results by log p— 1*2020 ; 5*8181— 1000(0 +246')~i^}. A. Jarolimek 
gave 0==12Op”*25~73*5. W. Sajontschewsky and M. Avenarius measured the 
vap. press, between 140° and 271*8° j and A. Wullner and 0. Grotian between 
2044° and 85*01°. A. tfuliusberger studied' the spbject. A. Stock and co- 
workers rei)resented their measurements on the vap. press, of carbon disulphide be- 
tween ir and -181° by log p--1682*38r-^-f 1*75 log T-0*0052980r+5*44895. 
C. E. Carbonelli, and R. Lorenz ipade a study of the variation of the vap. press. 
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)f carbon disulphide with temp.* F. Guthrie studied tie vap. press, of binary 
aiixtures of carbon disulphide with ether or chloroform ; /. von Zawidzky, of 
karbop disulphide with m^thylal, or acetone ; and W. K. Lewis and E. V. Mur- 
phree, of carbon disulphide and wa^r. , M. A. Rosanoff and C. W. Easley studied 
fhe distillation of binary mixtures of carbon di8ul|hide with carbon tetrachloride, 
3r Benaene ; and C. Dnicker, and E. C. McKolvy and D. H. Simpson, mixtures of 
Jarbon disulphide with ethyl or methyl alcohol. • 

S. von WroUlBwsky, ana K. Olzschewsky fbund that at about —Ifb'’, tarbon 
disulphide freezes ^o a crystalline solid with a melting point of —110*^. G. (^afrara 
and A. Cof padoro gave — l()8 6°fgrthem.p. ; J. Timmermans, 11 1'G” ; F. G, Keyes 
and co-vtprkers, — 112‘97°; lii. Holborn and W. Wien, — ; and G, Tam- 

mann, —112*18°. The last-named also represented the effeef^on the in,]), of press, p 
kgrms. per sq. cm., dT —O OlGOp. Observations on the boiling point of carbon disul- 
phide were made by W. A. Lainpadius, J. I. Piejre, J. GayCussae, H. Kopp, 

A. Haagep, W. Ramsay, L. H.*Eriedburg, J. M. Crafts, F. A. Henglein, W. Sajont- 
^chewsky, and M. Avenarius. For the b.p. li* Sehil! gave 47*0° at T68*5 mm. ; 
f. Andrews, 16*2° at 769 mm. ; M. von Unruh, 46*25° at 760 mm. ; Jl. E. Thorpe, 
46 04° at 760 mm. : H. V. Regnault, 46*20 at° 760 inm. ; H. Arctowsky»46*27 at 
757 mm. ; R. Nasini, 47*5° at 764 mm. ; and J. Timniermans, 46*25° at 760 mm. 
H. B. Baker found the b.p. is raised a number of degtees if the carbon disulphide 
be very thoroughly dried. E. Hendriclc discussed H. B. Baker’s observations and 
Dn(|uiries if the presence of a trace of water si'parates or loosens molecular aggregates 
According to M. von Unruh, the b.p. changes between 740° and 765 mm., 0*4144° 
for 10 mm. change of press. ; this is oq. to 1° for 24*13 mm. change of press. He 
also found the molecular raising o! the boiling point to be 2370 per 100 grins., 
or 1940 per 100 c.c. E. Beckmann gave for the b.p. constant 23‘7 ])er grm. 
H. V. Regnault gave for the latent heat of vaporization, 90 cals. ])er grm. at 0°; 
100*48 cals, at 1(K)°, and 102*36 cals, at 140°; A. Winkelmann, 89*5 cals, at 0° ; 
F. Koref, 86*9 cals, at 14*1°; K. Wirtz, 83*1 cals, at 46*1°; D, L. Hammick, 
85 cals, per gram; T. Andrews, 86*87 cals, at 46*2°; and C. C. Person, 105*7 
cals, at 16*6‘. H. \^ Regnault gave for tl\p heat of va])orization at 0°, 

-0 08922d- 0*(K)04938f/^: and A. Winkelmann, 89*50-0*065300 -0*(X)l0976t/^ 

- O*O(KXX)342450=h The rapid evaporation of carbon distljihide produces a lo,w 
temp., and experinjents on this subject were maefe by .1. iVlurray in 1812. 

M. Avenarius gave 276*0° for the critical temperature of^jirbou disulphide, and 

B, Galitzinet 279*6°. ('agniard de la 'Pour gave 275*0° for the critical temp., 

77*8 atm. for the critical pressure, and 0 (X)96 fgr th? critical volume. For the 
critical temp, and press., respectively, W. 8ajont.schewsky gave ^71*^° and 74*7 
atm. ; J. B. Hannay and J. |Jogarth, 272*96° and 77*9 atm. ; J. Dewar, 277*7° 
and 78*1 atm. ; J. B. Haimay, 27f’68° and 78*14 atrn. ; and A. Battelli, 27.>*05° 
and 72*868 atm., and for the critical vol.. 0*00901 1 . The data of G. Cagniard de laTour 
gave for J. D. van der Waals’ constants a -0*02185, and 6--0 003225 ; W. Sajont- 
schewgky, a=0*02166, and 5=0*003339 ; J. B. Hannay and J. Hogarth, a=0*02166, 
and 6=0*0()3209 ; J. B. Hannay, a--0*02197, and h -0*(X)3227 ; and A. Battelli, 
a--0*02316, and 5=0*(X)3134. W. Herz gave 3 17 for the chemipal constant, and 
W. Nernst, 3*1. • • 

Carbon disulphide is an endothermal compound. .1. Thomsen® gawc for the 
heat of formation from amorphous carbon and rhombic sulphur* (G, 28) 
-CS2g;*s~26*0l Cals. ; or CS 2 iiquid— 19‘6l Gals. ; ^nd from the diamond 
M. Berthelot an(hG,«Matignon gave for the ga.seous carbon disulphide —25*4 Gala., 
and for the liquid — fb Cals. M. Berthelot gave for the heat of combustion, 252*8 - 
253*3 Cals. ; and J. Thomsen, 265*1 Gals. J. J. Berzelius and A. Marcet said that 
the temp, of combustion of carbon disulphidffin oxygen i9*8ufficient to melt platinum 
wire, tf'he thermal values of binary mixtures of carbon disulphide with ethyl alcohol, 
and with benzene were determined by A. Winkelmann. A. Marcet discussed the 
production (A cold by the evaporation of carbon disulphide. 
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' Carbon (jjsulphide has a ‘high refractive index and a high dispersion. In this 
it is exceeded by very few liquids ; those of methylene iodide, bromonaphthalene^ 
and phenyl-mustard oil arc greater. Hence, the use of q/irbon disulphide for jillin^ 
holloy glass prisms for spectroscopic work. A number of measurements of 
the refractive index has been mqde by PI. PI. Hall and A. K. Payne, etc.^ E. Flatoff’s 
results, Table XXIX. show the effect of variations of temp, and of wavolenj^h, 

A, on the refractive index. II. Rubens found for the ultjaired, at 20" : 

^ 777 873 *990 1164 ‘1396 ^ 1745 1998jU)u 

^ ‘ • • 1'<^^75 1-6072 1-6017 1-5968 1-5928 1-589* ‘ 1-5856 l-684p 

while F. F. Martens <^ave f(tr the ultra-violet 2-l5'9 ^‘hen A=260u, and W. Fricke 
gave : , 


266 
2- M3 


274 

^•009 


288 

1-912 


298 

1-875 


304 

1-852 


317 

1-807 


326 

J-782 


335/u/i 

1-79 


TaIII.K X,X*(X.- TjIK E|-| K(T OV 'n^MPKRATURK AND WaV JC-1,KNGTH OF LigHT ON THE 
^ Kkhi\('ti\k Index oFtJ\RRON Disclimiide. 


367-61 
274-87 
361-19 
394-41 
441-59 
467 83 
480-01 
508-(;0 
533-85 
589-31 


2-01983 

1-76695 

1-72888 

1-69684 

1-68420 

1-67931 

1-66974 

1-66286 

1-65139 


2-12321 

2-03484 

1-75719 

1-71989 

1-68850 

1-67606 

1-67131 

1-66187 

1-65506 

1-64362 


2-08823 
2-00474 
1-73806 
1-70180 
1-67135 
1-65923 
1-65466 
1-64541 
1-63877 
1 62761 


40’. 


1-97489 

1-71811 

1-68278 

1-65323 

1-64181 

1-63733 

1-62842 

1-62192 

1-61115 


41 


0. Borgholm gave 1-608 at ^-.20^ ; PObl at (P ; 1-635 at 20" : and 1-616 at 
of carbon disulphide J-1478 for A----0-589ja ; 
aiid 1 Mo7 for A- (Ybllji ; L. Mascart gave 1’1485 for . •Observations 

were also made by P. R Didong.M.Cioiillebois, J.Kanonnikoff, et^., on the refractive 
index of carbon disiil^tiide vap Measurements on the refractive indc'x of binary 
mixtures of Sarbon disulphide with other were made by V. Forch ; with methvlal 
by J. von /awidzky ; with aT-etoiy- and chloroform by A. Beythein and R. Hcnnicke 
J. von /awidzky, and K E Sundwik. 8. Procopiu studied tiio effect of suspended 
crystalline particles on the birefringence of carbon (Jjsulpliide. The dispersion of 
carbon duulphide has been studied by H. Kubfns, F. F. Martens, and E Flatoff 
There IS anomalous dispersion with A ■ 326 335/./Z. A. G. Ganesan, and C. V. Raman 
and K S. studied the scattering and extinction of light in liquid carbon 
d sulphide M W. ( ohlentz » studied the transmission sjiectrum and refraction in the 
ultra-r'^d : and Henri the ahsorjit ion spectrum; N. K. Sethi, the ihterference 
bands of liquid ctjrboii disuljiliide ; W. H. Keesom and J. deSmedt, the diffraction 
ringsjiroduceil in carbon disu^ hy X-rays^ and S. Procopiu, the depolarization 
of light by mbon disulphide containing particles in suspension; and It Gans the 
Ijmdall effect. T. M. Lowry considers that the sp. inductive capacity and the 
index of refraction give yo evidence of internal ionization in the ’molecule 
A. S. Ganesan studied the scattering of light by carbon disulphid*. 

The electroma^etic rotation of the plane of polarized ligh\, has been measured 
by E. V(*rdpt, who found when the value for the £'-Iine is unity at 25° 17 07 for the 
tf-ljnc : for the F-line, 1-284 ; for th(* Zt-Iine, 0 768 ; and for the (.'-line 0 5^2 
The subject has been investigated by A. de la Rivc,*A. Haagen, E 0 Hnlbert ‘ 
A Kiindt and W. C. Rontgen, and E. Bichat. J. E. H. Gordon obtained 0 05238 
for the TMine at 13". For the Na-line, Loid Rayleigh gave 0'04800 at 18"* 
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G Quincke, 0 04409 (2106''); A. K9p8el. ’ 

.and J. W. Rodger and W. Watson, at.fl“, 0 04347(l-0 W169f^). Carbon disiOphide, 
Snlike other hquids hitherto examined, was found by A. Colton and H. Mouton 
to have a negative magneti? double refraction. The electnc douWe refrachon was 
IS by C. F. Hagenow, C. «ergholm, G. W. Elmon, and W. Kon.g_ ^N. Lyim 
an* F..Wolfram measured the effect of temp. bAwoen 18 *"'1“;'^.'’ 
idectricak double refraction, Kerr's constant wa* measured by • ^'*1"'^ * ’ 

0 D Taueru;.the lattef gave 30 - 42^10 » -for Na-bght. C. Bergholm md 
M Pauthcnier investigated the temp, coeff. of the electro-optol Kerrs (ffi t, 
itnd li Ebert, the dielectric polarization. The absorption spectrum of the liquid 
in the visible and ultra-violeifregions was examined by F. K.Martens, J. 1 aiier, 
.and W. Spring; and in the ultra-red, by H. Rubens ; XuhaTand 

the vap. in the visible and ultra-violet was examined by J; 

M Pauthenien and J. Dewar and G. D. Liveing ; and ii^the iilfra-red b> B. von 
Llir .T Pa5^r F. F. Martcn*,,aiid E. Flatoff e.xHmined the absorptiop spectrum 
of soiii. of carbon disulphide. R. D. Kleeniaii "'vestigatcd the lomzrtion of the 
van. bv secondary y-rays. M. Ishino* and B, Arakatsu found %t negatively 
charged sulphur atoms arc produced *by the action “'^S m t ^ 
tube^ W H. Keesora and J. de Sniedt studied the (hffraetion of X-rays iii th 
lioiiid K. T. Compton calculated the ionizing potential at 3-,')7 volts. J. Muller 
and C. H. D. von Babo studied the flflorescenoo of the flame of burning carbon 

'^'™Aceordiiig to T. Sidot,'" metals like silver, aluminium, and iron are electrified by 
friction witli carbon disulphide. L. Blcekrode found the liquid to have a very ow 
electrical conductivity ; and M. Sa'id-Effendi gave O OS.'i for the eoiidiietivity when 
that of water is unity. G. di Cioiiimox gave for the spMlfic resistance 
diHulphide 1“2 X 10'- rec. olima. Many oihors have made observationa on tins RUbj( ( t. 
Car])on disulphide was found by M. Lapsrhin and 

decomposed bv the current from 950 Bunsen s cells. A. C. Bectpierel ^omnl that 
when an ari. soln. f>f carbon disulphide is electrolyzed, sulphuric acid and carbon 
dioxide aiipear at the jiositive ]iolo., and hy<lrogen sulphide and h>^rocarbon8 at 
th# negative iiohn J. lloj^kinson ^ found the dielectric constant of liquid carbon 
disulphide t(* be 2'61 for ; L. Kahlenhera and 11. Jh Anthony gave 2 0,1 
at 23‘r); ami A. Franckc, 2 03. V. Drude obt/med 2'04 at for A-73 cms. 
K. Tangl gave 2‘02o at 20"^ ; and 0. Bergholm, 2-74 atf-21) ; 2' 070 at 0 , 2 020 
at 2if aiui2‘573 at 41-5^ K. Badeker gave* l'0t)239 for t^i dielectric constant 
of the vap. at 100°, and I. Klomencic, 1-00905 at 0;«aiid atm. press. 1 . Wah en 
and CO workers, and W. H Martin studied .this subject; H. Isnajdi pleasured the 
effect of temp., and F. Waibel the effect of press, on ^he dielectric constant ot 
carbon disulphide. M. Grutzmachlr measured the dielectric constant Of. 
of carbon disulphide with carbon tetraclihfride, and with benzene, and 
of the components of tlie binary mixtures. For the ’ 

(I Mesliii 12 gave - 0-59x10-0 mass units ; S. Heimchscn^^ 
at 20^; H.«du Bois, -0-82x10-6 vol. units at 15° ; and G. Quincke, -0-7bxl0 
vol. units at 19°. 
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§ 42. The Chemical Properties of Carbon Disulphide 

The (l('('oni position of oarlion distil pliide by heat lias boon proviou.sly discussed. 
H. Bull and A. W. Ilofmanu said that carbon disulpbidc vap. is slowly decomposed 
by a red-hot, clcctrically-hcated, platinum wire. L. Playfair i said that carbon 
disulphide is not docompo.scd when pu.s.sed over red-hot pumic.e or charcoal. 
H, B. Baker said that Mie vap. decomjioses between 2(K) ’-218^ II. B. Dixon and 
E. J. Russell observed that a jirolongcd beating is necessary jit 230'" before the 
slightest evidence ()f<*fiy decomposition of the disiiljihide (;an be detected, and no 
change is })e*tceptil)le when carbon disitlphidc is passed through a tuiiie at 400° ; 
at a red heat, howtwer, carhhn dii^ulphide was found by lyi. Berthelot to be resolved 
into Its elcmants* In the jiresenco of carbon, said W. Stein, the. amount decomposed 
at a red heat is very .small, and con8e(|uently, an (jxce.s.s of carbon is used when 
carbon ditnilphidi* i.-^ bi'ing prepared. J. If. vati’t Hoff .showed that carbon disul- 
phide, being an endothermal compound, fits in with his rule that a rise of temp. 

4 favours those substances formed with an absorjition of lu'at. E'or an endothermal 
compound, C-f 2S -(K -26 Cals., carbon disul[)liide is fairly stable. T. E. Thorpe 
shoi^ed that when a small quantity of mercuric fulminate is detonated tn the vap. 
of carbon diaulpl^ide. sulphur and carbon are formed, but not by the mechanical 
shock which attends the cxido.sion of gunpowde«, etc. In accord with M. Berthelot’s 
theory : ,. . 

I • 

Tlie shock of the cxplo-sion coiiiinuiiicatos to the hiyor of the goseoiRs inols. in immediate 
proximity to the fulmuuite an ^uiormous active forc<% whereby the mol. edifice is shaken to 
pieces, and the initial active force is augmontod to a degree corri^poiiding to the heat 
evolved by the decomposition of the gas. A new shock is thereby produced in the next 
layer, and the notion is rejwnted and so propagated until the molecular system is 
completely destroyed. 

• • • ‘ 

According to 0. Loow,2 when carbon disulphide i^ exposed for many months 
to sunlight, while protected from air, it decomposes, forming sulphur and a brown 
sulphide, CnS«. T. Sidot, and 8. Kern made observations oi^the dtcomposition 
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of carbon disulphide when exposed to light. H. K D^on and J. Russell, 
3 . von Lengyl, and J. Jamin and G. Maneuvricr, likewise observ^ the decomposition 
If th<i liquid in the light^ from an electric arc. G. Bruhat and M. Pauthenier 
observed that carbon disulphide in a quartz cell deposits sulphur when expend to 
the light from a mercury arc-lhmp. The long-ware limit of decomposition was 
A=866/<»/x. a. W. Hofmann found that carbon disulphide vap. is not decomposed 

electric sparks. S. Mi. Losanitsch found that Under the influence of tlie silent 
<lischarge, carbot disulphiae vap. is cowverted ‘into a polymeride, (CSoJ^, jftnl an 
almost black snb|tance, which decomposes into its components W'hen lieiited. 
A mixtur(f of carbon disul})hjde^and hydrogen under the influence of the silent 
discharge^furnishes a brown substance, CgHoSK, which M. Bertiielot described as a 
•compound, C2H2S4. The action of heat on a mixture of^arbon disulphide and 
hydrogen was studied by M. Bcrthclot, A. Cossa, and A. V. Harconrt ; R. Witzeck 
investigated the heating of the mixture in a seale(| tube 250"«37(f If treated 
with zinc^and hydrochloric ac!(k A. Girard, and A. Gawalowsky rediicted carbon 
disulphide to trimolecular thioformaldehyde, A. Mittasch foflnd that if 

the mixed vapours are passed over heated nickel, mercaptan prodnet^re obtained. 
According to E. V. Evans and H. Sta’nier, carbon disulphide vapour mi*ed with 
coal-gas and passed over heated nickel is reduced, *and the main reaction is 
symbolized : CS2+2H2“C4-2Il2S. The nickel is convA'ted into subsulphide which 
acts as a cyclic catalyst. The presence*of thoria, alumina, or chromic oxide acts 
as a promotor. The reaction is utilized in C. Carjienter and E. V. Evans' system 
of purifying coal-gas from carbon disulphide. G. Just studied the solubility of 
hydrogen in carbon disulphide. 

Carbon disulphide very readily inflames .in air, and burns with a blue flame, 
according to W. A. l..ampai]ius ; ^ or a white and purpl(*-red flame, according to 
L. N. Vainpielin and P. J. llobiipiet. J. J. Berzelius and A. Marcet exploded a 
mixture of carbon disulphide and oxygen by an electric spark, and obtained sulphur 
dioxide and carbon dioxide as products of the combustion when the supply of 
oxygen is great enough, but if the supply of oxygen be small, carbon monoxidi' 
is produced as well. According to G. R. Stewart jjnd J. S. Burd, in the combustion 
of tnixtures of 2 5-4'() per cent, of carbon disulphide and air, from 40-60 ])er 
cent, of the carbon disuljihide is oxidized accor^ling to tke equations, CS2-f-302 
- C'Oo-f 2SO2 *> 25-35 per cent, follows the reactioi^ !SCS2-f 502=^200 -f4S02 ; 

the remainder is unchanged. Sulphur trioxide <loes nof #ieem to be formed. 
With a mijibiire containing 2*5 per cenf. of carbon disulphide, tTie resulting 
gases contain about 15 jier cent, of oxygen, 1 peii cenf. of carbon dioxide, usually 
less than 1 per cent, of carbon disulphide and carbon mono»idef and about 
1 per cent, of sulphur dioxid% II. B. Baker showed that thoroughly dried vap. 
of carbon disulphide mixed with ^ried oxygen explodes just as readily* as when 
moisture is ])resent. A. Pedler found the heat developed during the explosion of a 
mixture of air and oxygen is so great that some nitrogen is oxidized, and the nitrogen 
oxide combines with the sulphur dioxide so that the gaseous jiroduet. of the ex- 
plosion occflpies a less vol. than corresponds with (!S2-f 302“C0.2-f 2HO2. G. S. Tur- 
pin observed that carbon disulphide undergoes a slow corabustjon whim heated 
with air or oxygen, forming a reddiah-brown solid, which N, Smith found to Jiave 
the composition C\gHft04S^. H. B. Baker concluded that combu8tioii*mu8t be 
preceded by decomposition into carbon and sulphur, and suggests as k possible- 
explanation of the combustion of pure carbon disulpliidii that, in tliis na.scent state, 
carbon and sulphur inay combine with oxygen, whether dry or not. H. B. Dixon 
and E. J. Russell foulid that if a stream of air and oxygen be jiassed over carbon 
disulphide, and the mixture flows through a tube at 200°, there is a gentle phos- 
^pHbrescent combustion resulting in* the fornfation of sulphur dioxide and the cqn- 
deiitsaUon of a reddish-brown volatile substance. They found no signs of the 
resolution of carbon disulphide into its elements prior t« combustion either when the 
gases are paesed thiough a steady flame, as in A. Smithells' separator, or at the 
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high temp, of the exph)sioft wave. When thi gases are exploded over mercury, 
a black deposit m^y be formed, but this js finely divided mercury sulphid^ 
A. Lafiite showed that the spectrum of an exploding ryixture of carbon disylphicw 
and ^oxygen is continuous. The rate of explosion, in metres per second, with 
mixtures containing one meJar proportion of •carbon dioxide and n molar 
proportions of oxygen, is : « ** 

n ... I 2 3 - - 4 5 « 6 ‘ 

Rale explosion 1692 1702 ' 176U 1802 • 1763 |1732 2040 

Thcb maximum velocity is thus obtained when sufficient oxygei^ iii present to burn 
the carbon and sulphur respectively to their dio*id^. The explosion wave is not 
propagated in the mixture f JO 2 . According to fl. lo Chatelier and Qt Boudou- 
ard, the lower limit 0 ^ inflammability is with mixtures containing \)'0G3 grm. of^ 
carbon disulphide })er litre of air. H. B. Dixon and E. J. Russell said that the 
mixture richest A carb«n disu\j)hide which can be made to detonate or give the 
explosion Vave contains one vol. of oxygen to Tflivols. of carbon disulphide vap. ; 
and in the other direction the limil is not 8(^ quickly reached, for mixtures containing 
6-7 vols. of oxygen and one vol. of carboy disulphide vap. still detonate. They 
found that the reaction wliioh takes place when carbon disulphide is exploded with 
oxygen could not be expressed by any simple equation : {a) When excess of oxygen 
is used, the products are cifrbon dioxide, sulphur trioxide, sometimes free sulphur ; 
and in the explosion wave, carbon monoxide, carbonyl sulphide, and unchanged 
carbon disulphide. {(>) With an insufficient quantity of oxygen, the products are 
carbon dioxide, sulphur dioxide, carbon monoxide, carbonyl sulphide, and carbon 
disulphide. When the amount of oxygen is successively diminished, the quantity 
of sulphur dioxide falls off, and that of the carbon monoxide, carbonyl sulphide, 
and unchanged carbon disulphide increases. ('•) Even with small amounts of 
oxygen, there is always a division of the oxygen between the carbon and sulphur. 
Using a mixture, CH 24 «SU. 2 , only a portion of the carbon disulphide takes part in 
the reaction. 1*. Lafiite studied the. formation of the explosion wave in mixtures 
of oxygen and carbon disulphidi'. K. T. Tizard and D. R. Pye noted the formation 
of hydrog(‘n sulphide when a mixture of carbon disulphide vap, and moist air is 
exploded: CS 2 f- 2 HoO“ 2 !l 2 S-t-(M). 2 . When burnt in the Smithells’ separator, 
the phenomena are altogether (JifL'rcnt from those observed in the explosions. 
The interconal gases cons^t of nearly equal vols. of sulphur dioxide and carbon 
monoxide, together vft-h sulphur vap. and .some unchanged carbon disulphide, and 
small quantities of carbonyl sulphide ahd carbon dioxide. W. A. Lampadius said 
that carbon disulphide takes firen in air below KXr, and it is said by M. Berthelot 
to be more kiflaiinmable |han ether. J. J. Berzelius and A. Marcet estimated the 
ignition te/nperature to be “ just above the b p.,of mercury ” -i.e. 357°-358°. 
E. PranMand gave 11:1°; 11. Uottg.T, 228°; if. B. Baker gives the ignition point 
of carbon disulphide mixed with oxygen as 2r)8^-2()(P. 0. S. Turpin states that 
when carbon disulphide is mixed with ten times its vol. of oxygen, the slow com- 
bustion develops into ignition at IGCT’ ; and when mixed with ten times its vol^of air 
it ignites at 200°. H. B. Dixon and K. J. Russell stated that the chanje from the 
slow phosphoresoent combustion to actual ignition is not sharp, and that carbon 
disulphide cannot be said to have any definitt ignition point. In some cases they 
ignited a*niixtuje of oxygen and carbon disulphide below 180\ at other times no 
ignition occurred at 230°. E. Berl and H. Fischer gave for the explosion limits of 
mixtures of air and carbon disulphide vap. in a glass globe 27 mm. diameter, 
2‘22 and 31*20 per cent, carbon disulphide, and in a glass glolie i8 mm. diameter, 
2*69 and 30*20 per cent. In an iron vessel at onlinafy temp. 3*38--29*20, 
and at 100°, 1 ■35-33*10 per cent. According to T. Wulf, E. Sell, B. Delachanal 
and A. Mermet, and M. Tifiereau a railture of onrbon disulphide vap. with oxygen , 
burns with a very bright blue flame which is particularly rich in actinic rajw, and 
is applicable to photographic work. H. C. C. Dibbits studied the spectrum of the 
carbon disulphide flame. According to E. Pringsheim : • • 



CARBON 


109 


The temp, of the flame of carbon iisulphide can bo made jrery low ; the liglit is not 
)rilliant but is distinctly blue and can readily be seen in a darkened room. The temp, is 

low and the amount of heat generated is so small that one can ifold one’s finger in the 
lame itidefinitely without feellhg more than a moderatti sensation of heat. . . . The carbon 
lisulphide flame was regulated so that it just burned ; the flame was very long and pointed 
n* shape. Repeated measurement with a thermocouple, at the hottest portion of the 
iam§ ju^ below the point, gave temp, between 114" and 146". We can therefore say 
isfinitely that this flame coiptinues burning at temp. Ixilow 150°, below the ignition temp, 
if the inflammable mixture wljiich gives rise to the flame. The light emitted byjthi^ttaine 
has a very considerable photogi’aphic actioni' . . . The flame gives a continuous spectrum 
which is much weak^ in the red part than in the blue and violet ; it is very like the epeo- 
tftun obtain%d when sulphur or hydr^en suljjhide biurns in the air. There can be no doubt 
but that \^e are dealing with gaShs wliich lumine.'ico in consequence^of chemical reactions 
and not in fton^equonce of high temp. 

• 

According to M. Berthelot, a mixture of air and carbon disulphide vap. may be 
exposed to difkised daylight for a year without ^y change taking place, but if 
exposed tg bright sunlight, sofiKc reaction takes jfdace in an hour or two, and a 
yellowish-white substance is deposited w^ich contains sulphur, carbon, and oxygen, 
whilst carbon monoxide and carbon dioxide are also formed, and rtkiiain mixed 
with the residual oxygen and the nitrogen. No nitrogen enters into combination, 
and in this respect the action of light dilfers from that of the silent (‘lectric discharge. 
The most important point about the reaction is that th\i light has no effect until it 
reaches a certain and somewhat high intensity ; it is, therefore, analogous to the 
many reactions that do not take place below a particular temp. J. J, Berzelius 
and A. Marcet said that when carbon disulphide is kejit under water for a long time 
in vessels containing air, it acquires a yellow colour, and is partially oxidized to 
sulphur and carbon dioxides. According to 0. Loew, the slow action of water on 
carbon disulphide in sunlight produces a little formic acid ; and when carbon 
disulphide is heated with water an<l iron filings in a scaled tube at 100 °, ferrous 
formate, iron sulphide, carbon dioxide, and tw’o sulphur compounds are formed. 
N. Hmith found that the slow combustion of carbon disulphide in the presence of 
water vap., at 175° -180', furni.shes a jiroduct with the composition ^ 10 ^ 60488 . 
This compound has acidic pioperties, and an o,mmonium salt and a silver salt, 
Ag^CiftJi 04 Sg. were prepared. L. Gurwitsch observed that the reaction CS 2 -f 2 H 20 
^ 21 f 2 S-f(’ 0 ^*i 8 catalyzed by partially dehydratqd aiumiriti hydrate. G. Chancel 
and F. I’armentier measured the solubility, S grms. per I 60 c.c. of soln., of carbon 
disulphide in water, and found *%; 

(»’ 10" 15" 20" 25" ao" 40" 45“ 40" 

-S’ . . 0-204 0-194 0-187 0'179 0*169 * 0*166 0*111 0 070 0 014 

A. Ilex gave at 0 °, 10 °, 20°, ^nd J 0 ° respectively 0-258, 0 239, 0-217^ and 0-195 
grm. of carbon disulphide per 100 grms. of water. According to W. HeiTs, at 22°, 
100 c.c. of water dissolve O' 174 c.c. of carbon disulphide,' and the vol. of the soln, 
is 100-208 c.c., and the sp. gr. 0-9981 ; reciprocally, 100 c.c. of carbon disulphide 
dissolve 0 961 c.c. of water and the vol. of the soln. is 100-961, and the sp. gr. 1 253. 
The solubility of carbon disulphide in water was also measured by E. M. P41igot, 
W . T. Page, F. Sestini, M. Ckiandi-Bey, and J. B. A. Dumas. P. ViUard said that no 
hydrated carbon disulphide can be farmed at ordinary press., but at 75 atm. press, 
crystals of a hydrate are formed between 0 ° and 1 °. M. Berthelot reported 
2 CS 2 . 3 H 2 O; M. Ballo, CS 2 .H 2 O; and E. Duclaux, 2 CS 2 .H 26 . A'. Marcet, 

y. Wartha, and F. P. Venable have made observations on. possible hydrates. Accord- 
ing to C. Caigniafd <4e la Tour, when the temp, of a mixture of water and carbon 
disulphide in a sealeef glass tube is gradually raised, the mixture becomes turbid, 
then clear. The colour at first is greenish but gradually darkens, becoming at last 
nearly black. The carbon disulphide rises to the top of the water and then passes 
into the state of vap. On cooling, the green colour of the water changes to yellow, 
and the undecomposed carbon disulphide again sinks to the bottom. F. Schlagden- 
hauffen obtahed a mixture of carbon dioxide and hydrogen sulphide by heating 
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the raixturcvof water ai«l carbon disulphide in a sealed tube at 150 °. M. Berthelot 
found that a mixtur^i of the vap. of carbon diffiilphidc and water give methane aUj^ 
ethj^Iene when passed over iron or copper at a dull tfed-heat. At lower otemp., 
saidJt. Witzeck, some carbonyl sulphide is formed. By heating the mixture of 
water and carbon disulphide lender press., P. Schutzenberger obtained crystalline 
carbon hydrosulphide, CS2.H2S. 

According to H. Moissan,'* fhe vap. of the carbon ^iSuIphide inflarneh when m 
contact with cold fluorine ; and if a curtent of fluorine w pa8s^d into the liquid 
disulphide each bubble of gas becomes luminous. A mixture ofpctrbon and sulphur 
fluorides is produced, but no free carbon. J. J.iBefzelius and A. Marcet observed 
that carbon disulplfide is decoin])osed by chlorine. According to B. Rdthkc, dry 
chlorine at ordinary temp, reacts very slowly with carbon disulphide, forming sul- 
phur chloride, carbon tetrachloride, and some thiocarbonyl chloride. A. Mouneyrat 
found that aluminium c»iiloridei*acts as a catalyst on the reaction^, B. Aronheim, 
molybderftim pentachloride ; and A. W. Hoffnunn, antimony pentachloride. 
In the presence of iodine, P. Klason, and Rathke found that chlorine reacts with 
carbon disi>i{)hide [)rodiicing sulphur cldoride, carbon tetrachloride, and per- 
chloronffithyl nuircaptan, (^'C 1 ;}.SC 1 . R. \Vel>er also obtained red crystals of sulphur 
chloroiodide, l(H3,SCl4. P. Klason investigated the dilfercnt stages in the reaction 
between chloriiu' and carbon disulphid('^ H. Muller investigated the action of 
chlorine on boiling iodiferous carbon disulphide. Moist chlorine was found by 
H. Kolbe 1() act more rapidly than the dry gas, and he obtained trichlowmethyl 
sulphuryl chloride, (!Cl3,S(Lt1, as a product of the reaction, and B. Rathke, and 
M. Albrecht obtained perchloromethyl mercaptan, or thiocarbonyl tetrachloride, 
CCI3.SOI. According to H. Kolbe and A. W. Hofmann, when a mixture of dry 
chlorine, and the vapour of carbon disuljfliide is passed through a red-hot tube, 
sulphur chloride and carbon tetrachloride are formed. 0 . Hell and F. Urech ob- 
tained an oil, carbon disulphotetrabromide, CS2Br4, when dry bromine is allowed 
to stand in contact with carbon disulphide for several days, or when a mixture 
of carbon disulphide and bromine water is allowed to stand for some time. 
M. 1 . Konowaloif and W. IMotivikofE obtained a number of compounds of carbon 
disulphide with bromine, aluminium bromide, ethyl bromide, bromoforrn, 'etc. 
—cjj. C 82 Br 4 .AlBr 3 ; f8^Br4.2AlBr., ; CSoBr4.AlBr3.rHBr3 ; CS2.2A?Br3.2C2H6Br ; 
CSaBrg.AlBra.CsHsBr; 'g82VlBr3((JH2Br.CH.,Br) ; and CS^.AlBrslUHa.CHBrg). 
F. Urech, and J. Hatrermann obtained carbon tetrabromidc by the action of bromine 
on carbon disulphide in the pre.sencc of water or alkali-lye, and exposed to sunlight. 
T. Bolas and U. E. Groves fouml that when a mixture of carbon disulphide and 
bromine is heat^l for a Igng time in a sealed tub(; at 180 °- 200 ^, carbon tetrabromide 
is formed., R. Hbland, and T. Bolas and C. Gaoves found that the reaction is 
acceleratl'd by the presence of iodine, or by tlui bromides of antimony, arsenic, 
bismuth, gold, etc. ; and A. Mouneyrat, by aluminium chloride. R. Weber showed 
that iodine trichloride acts like chlorine in the presence of iodine. J. B. Hannay 
represented the reaction : 4CS2“f-flIUT3'--2CUl4-f2USCl2 t-3S2Ul2-f3l2 ; it was also 
studied by R. Weber. The solubility of bromine in carbon disulphide has been 
investigated by ,H. Arctowsky — rirfe bromine. The solubility of iodine in carbon 
disulphide, and the partition of bromine and* of iodine between water and carbon 
disulphide* was measured by M, Berthelot and E. Jungfleisch, E. Angelescu and 

D. Dumitrescu, and A. A. Jakowkin— vide iodine. The sp. lit. of soln. of iodine 
and of bromine in carbon disulphide were measured by J. C. G. de Marignac. 

E. Drochsel found that carbon disulphide is not attacked ^by hjrdriodic acid in 
a sealed tube at 150 ° ; M. Berthelot studied the action of carbon disulphide and 
hydrogen iodide at a red heat and noted that methane is produced. A. J. Balard 
found that the vap. of carbon disulphide oxpledes when in contact with chlorine 
monolide, forming carbon dioxide, sulphuric acid, sulphur chloride, and chlorine ; 
P. Schiitzenberger found that with chlorine monoxide, carbonyl and thionyl 
chlorides are produced. A. J. Balard found that with a sdln. of hypochlorom 
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acid, chlorine, carbon dioxide, and sulphuric and hydrochtoric acids ape produced. 
J. C. Ritsema represented the action of alkali hypochlorite by SKOCl-fCSs 
^6KQH=2K2S04+K2Cq3rf8KCl+3H20. W. M. Dehn said that when carbon 
disulphide was treated with sodium hirpobromite, the oil disappeared rabidly, 
ahd enough heat was developecf to boil the unchained carbon disulphide. When 
treafed "with dilferent quantities of sodium hy|)pbromite, soln. wore obtained 
cfintainin^ sulphide, sulf^lnte, sulphate, formate, and carbonate. An«cxc^*ss of 
sodium hypobroitite yielded quantitatively the sulphur as sulphate. According to 
C. Cagniard do k^our, if a mixed aq. soln. of potassium chlorate and ca^on 
disulphide ^s heated in a sealed d:ube, the liquid effervesces and some sulphur is 
formed. *Qn opening the coohjd tube, a gas escapes and the water has an acid 
reaction. A. Ditte represented the reaction between iodic acid, water, and carbon 
disulphide by the equations: 2111034-082— l2d-C02 +112^04+8 ; and 2HIO3 
-f 2C82+2H20fc=2C02-|-2HI+H2804 f H28 f 28. li. 8chlj%denhautfen found that 
iodic acidjjbromic acid, and theWates, bromates, and chlorates, and hyjfochlorites 
oxidize carbon disulphide when heated i^i a sealed tube, forming hy^lrogeii halide, 
a metal halide, etc. The solubility of sulphur in carbon disulphide baleen studied 
by G. Gore,'’ A. Cossa, H. Arctowsky, etc. — vide sulphur.^ J. .1. Berzelius stffdied the 
properties of the soln. The s]). gr. of the soln. has been ni(*asured by G. J. Pfeiffer ; 
the sp. ht. by J. C. G. de Marignac ; ai^l the refractive index by V. Berghoff, and 
C. Porch. The solubility of selenium in carbon disulphide was measured by K. Mit- 
bcherlich and G. Gore, — vide selenium. G. Gore investigated the solubility of the 
sulphur and selenium chlorides, bromides and iodides {q.v.) in carbon disulphide. 
According to P. Schutzenberger, if a mixture of hydrogen sulphide and the vap. of 
carbon disulphide be passed through a tube cooled to —25°, an unstable crystalline 
compound, carbon hydrosulphide, CS2.H28, is formed ; and, according to M. Berthelot, 
if the mixture be passed over copper or iron at a dark red heat, methane and ethylene 
are produced. According to J. J. Berzelius, soln. of the alkali sulphides, and, 
according to B. Holmberg, soln. of the alkali hydrosulphides, absorb carbon disul- 
phide and form alkali thiocarbonate, in the latter case with the development of 
hydrogen sulphide. According to A. GcTis, carbeui disulphide unites with sodium 
disdlphide, Na2S2, to form sodi um perlhiocarbonaU\ Na2C84, with the development of 
h(*at. F. 8e8tifti studied the so lability of carbon di.'^ilphide jifliquid sulphur dioxide ; 
he found that mixtures of sulph ur dioxide and carboiJ, disj^lphide, dry or moist, 
do not give carbon monoxide when heated. M. Albrecht foifad that when carbon 
disulphide is boiled with potassium sulphite m the preseqee of some alcohol potassium 
methyl mercaptan trisulphonate, HS.C( ^803)3, is formed. According to A. Gcuther, 
carbon disulphide is miscible with sulphuric add free from water." M7 Brault an(l 
A. B. Poggiale found that carW)n c^sulphidc is decomposed by cold sulphuric acid, 
forming sulphur and carbon ; and when a mixture of the vap. of these "’two sub- 
stances is passed through a red-hot tube, carbon monoxide, sulphur dioxide, hydrogen 
sulphide, and sulphur are formed. H. E. Armstrong represented the reaction at 
100° l^twcen sulphur trioxide and carbon disulphide by the equation SO8-I-CS2 
— 8 -f 802-1^08. J. Dewar and G. Cranston found that chlorosulphonic acid 
reacts in an analogous maimer. 

M. Berthelot ® noted that under «he action of the silent discharge a mixture of 
carbon disulphide vap. and argon, in the presence of the liquid at <20°, Showed the 
argon to be absorbed, and he believed that combination occurred. He also studied 
the absorption of helium and nitrogen by carbon disulphide. G. Just measured 
the solubility of nitrt^en in the liquid. According to J. J. Berzelius and A. Marcet, 
dry ammonia is slowly absorbed by carbon disulphide producing a substance whoso 
composition depends on the conditions of the experiment. W. C. Zeise said that 
^10 ammonium carbonate is formec^, but the* dark brown liquid which is produced 
cont.aia8 ammonium thiocartonate and thiocyanate. N. A. E. Millon found that 
if evaporated in moist ammoniacal air, the vap. is oxidized, forming a dense cloud. 
A. Laurent, TcheAiac and H. Gunzburg, H. Debus, M. Freund and G. Bachrach, 
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G, J. Mul(!fir, and C/H. van Zout«‘vcen also studied the reaction in aq. or 

alcoholic soln.’ Carl9on disulphide dissolves ahtindantly in alcohol sat. with ammox^ 

gas, and, added W. 0. Zeis«* : • • 

TIjo soln. ri'inaijiH alkaline, I'ven with u largo exteSH of carbon disulphide. Ev,pn 
when protected from the air it fionn tnrna yellow, than brown, and smells of hycjrogen 
sulphide. After flie lajwe of from 10 to .‘10 niiiis., it deposits yellow feathery ciystaJs of 
ammoinijrp thiocarboimte ; tlien*inore .shining crystals of Ammonium thiocyanate are 
formtiS, while those of the curbonatohydioswlphide diminiRi in quan|ity. The alcoholic 
liqqjd still retains very largo quantities of ammonium thiocyanate and hydro.sulphide, 
which, on distillation or exposure to the air, are resolved into amtioRium hydrosnlphide 
which escapes, sulphur which crystallizes out, anirntniq^n thiocyanate wliieh remains in 
Boln. In the first Utage of the roaetion three inols. each of ammonia ^nd carbon 
disulphide react to forq^ a mol. each of ammonium thioeurbonato and tliiocyanate ; thp 
decrease in the jirojiortion of the former, the increase m the proportion of the latter, and 
the formation of i^imonium sulphide are probably due to a reaction between two mols. of 
thioearbonate and one mdl of ammonia, to form three mols. of hydrogen ifulphide, and one 
of thiocyiyjue acid. • ^ 

According A. Goldberg, if curbon disuijdude and alcoholic ammonia are heated 
at 60" yndor press., one-half the sulphur ds converted into ammonium sulphide, 
and ho attempted to apply the reaction in ([uantitativc analysis. At a red-heat, 
ammonia and carbon disu||j|ihide vap. wc're stated by F. Schlagdimliauflfen to react/ 
According to G. Ingliilleri, when carbon^ disulpliide and ammonium carbonate 
are heated in a sealeil tube at 100" 110", ammonium dithioearbonate is produced; 
at r20"-130", ammonium thiocyanate ; and at 160", an almost quantitative yield 
of thioearbamide is obtained ; if the mixture in alcoholic soln. is lieated on a water- 
liath, an almost quantitative yield of ammonium thiocyanate is obtained. F. Beil- 
stein and A. Geuther found that when the vap. of carbon disulphide is passed over 
kheated sodium amide, sodium thiocyanate is formed. G. A. L. de Bruyn studied 
the reaction between hydroxylamine and carbon disuljihiih', which is attended by 
the separation of sulphur. A. Goldberg attempted to separate the sulphur from a 
mixture of carbon disulphide and bmizein^ by the hydroxylamine ri'action. T. Curtins 
and K. lleidimriech found that carbon disulphide and hydrazine hydrate, in the cold, 
form dithiocarbazmic acid, lLjN.NlT.('S.8U ; and M. Busch boiled a mixture of 
carbon disulphide wit^ hydrazine and alcoholic soln. of potassium hydroxide and 
obtained thiodiuzolditlii#!. A. W. Browne and A. B lloel showed^that the vap 
of carbon disulplii(hi«is iweversibly and quantitatively absorbed by aq. soln. of 
potassium *or sodimn azide at roon^ temp., and the u.se of the reagent as an 
absorbent in gas analysis was discus.sed by A. .). Currier and A. W. Broome. 

The chi^ac^T of the llame firrni.shed by a burning mixture of carbon disulphide 
vap. and nitric oxide has been indicated in connection with the oxygen and carbon 
disulphide* flame. According to L. H. Friedl^urg,® nitric acid at ordinary temp, 
has no action on carbon disulphide ; and, according to S. Clocz and E. Guignet, 
there is no reaction with the boiling acid ; but, according to M. Tiffereau, the carbon 
disulphide is oxidized at ordinary temp, if the mixture be exposcvl to sunlight. 

F. Scldagdenhaulfen found that the mixed vap. of carbon disulphide and nitric 
acid passed, through a red-hot tube form sulphuric acid and nitrous lumes. The 
vap, of carbon Bisulphide also reduces the nitrites. According to F. Schlagden- 
hauffen ^pd M. Bloch, when an excess of ^qua regia is distilled with carbon 
disulphidxi— eitSier immediately after mixing or after contact for some hours— red 
nitrous fumes and unattacked carbon disulphide first pass over, followed by a very 
volatile substance, which can be condensed by using a freezing mixture of ice and 
salt ; it proved to be triclihromfdiijlwlphHrous chloride, SO(Q€Cl5)Cl. 

The solubility of phosphorus in carbon disulphide has been measured by 
A. Vogel, ^ H. Girau, etc.— phosphorus. J. C, G. de Marignac measured f-he 
sp. ht. of the soln., and V. Berghoff, the indicel of refraction. M. Berthelot found 
the vap. of carbon disulphide and phosphine produce methane and ethylene when 
passed over copper or iron at dull redness. According to L. P. Cailletet and 
M. Bordet, when a mixture of dry, phosphine and carbon distiljihide i5 compressed, 
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10 compound is formed, but in the presence of a little water, while crystalline solid 
I deposited which dissociates when the temp, is lUised, or .the press, relieved. 
Iccording to E. Drechsel, ^arbon disulphide and phosphomum iodide react in 
In iron tube at 150\ forming trimethyl . jthosphine hydriodidc ; and if an excess 
If carbon disulphide is used, H. 5ahu found that methane is produced. A. W. Hof- 
panR fo<und that thethylphosphine unites with cArbon disulphide, forming red 
pismatic Crystals, P( 02 H 5 )^CS 2 . The solubilities (ft the chlorides, brouydes^ and 
^des of phosphorus# arsenic, and antimony in carbon disulphide have been 
measured by G, (4o^'. L. Carius, and B. Rathke studied the action of phosphorus 
pdntachloride and obtained tliiocarbonyl chloride, (itc. F. Schlagdenhauffcn 
found thafefcwheii carbon disulpliide and arsenious acid or arsentc acid and the salts 
If these acids'are heated in a sealed tube, arsenic sulphide is formed. According 
ko A. W. Hofmann, carbon disulphide reacts vigorously with antimony penta- 
bhloride, forming carbon tetrachloride, antimony tiichlorid^, sulpfiur, and sulphur 
chloride. B. Aronheini, A. Hu^emann, A. Bertrand and E. Finot also sjjidieti the 
reaetion. H. Moissan found that the v^. of carbon disulphide attacks boron at 
a bright red heat, forming boron sulpijidc ; he also found boron trilMide to be 
soluble in carbon disulphidi'. According to E. Fr(‘ray, toron trioxide is edhverted 
into the sulphide when heated in the vap. of carbon disulphide. 

The adsorption of the vap. of carbon disulpliide by dhrbon has been studied by 
J. Hunter, s A. Eiloart. J. N. Bronste(f ami V. K. la Mer, and J. Driver and 
J. B. Firth. According to S. M. Losanitsch, when the vap. of carbon disulphide 
and ethylene are exjiosed to tlie silent electric discharge, browni-sh-ycllow carbon 
ethylene dmdphide, 5 C'S 2 . 2 C 2 H 4 , is formed ; witli acetylene, black carbon acetylene 
disulphide, 3 (AS. 2 . 2 (.!. 2 H 2 , is produced ; and with carbon monoxide, brown carbon 
carbonyl disulphide, 3 (/S 2 . 2 CO, is obtained. G. Just measured the solubility of 
carbon dioxide in carbon disul[)hide. E. Sclibno said that carbon dioxide and 
disulpliide form carbon monoxide and sulphur when jiassed through a rod-hot 
tube; and G. Winkler said that some ('arbonyl sulphide is formed, particularly 
if the mixed gsscs are. )niss(Ml over heatccl jilatinizcd a.shestos. The main 
reactions with carbon dioxide are r(‘,present( 4 d : (X) 2 -bGS 2 — 2('0-|-2S, and 
CO ^KS-l-H 20 ^-C() 2 -fH 28 ; the secondary ri'actions : GO j-S'^COS ; and 
1 1. 28 ?=^ 11 . 2 •T- Ganiclley found that when a mixture of vu^. of carbon disulpliide 
and ethyl alcohol is pas.sed ov<'r copper at a dull red-lio^t, carbonyl sulphide, etc., 
are formed. G. Tuchsclimidt and 0. Follenius studiiMl the *blubility,of (;arbon 
disulpliide in #. 0 , per KJO c.c. of aq. soln. of ethyl alcohol at 17", and found 

Alcohol . . 100 98-15 93-54 S1-I2* 48-40 47-90 per oorit. 

CSj . . 90 132 70 30 4 •o * 0 . 0 . 

F. Gutlirie found a soln. of etli^l ahfihol with 94-94 per rent, of carbon cliiulphide 
remains clear down to —-18-4°; with 89‘54 per cent. (’S 2 , it becomes turbid at 

'14-4°; with 79-9() per cent. CS 2 , it becomes turbid at — IG'l" ; with G5'll per 
eciit. G 82 , it becomes turbid at --17-7" ; and soln. with 59*58 to 29*92 jier cent. 
(' 82 - reiftaiii clear down to - 20". E. G. McKclvy and D. H. Simpson studied the 
solubility in ethyl alcohol and in methyl alcohol. V. Rothmund foumi that with 
nu'thyl alcohol two layers are formed^and that the percentage amounts of carbon 
disulphide in the two layers are : , , 

10“ 20“ 25" 30" 35"* *40-5" 

CHjOHlayei . . 45*1 60-8 64 1 58-4 64 0 806 

(\Sj layer . *. . 98 3 97 2 96 4 95*6 93-6 80 6 

« • 

The critical soln. temp, is 40*5°. J. H. Schuller, J. C. G. de Marignac, A. Winkel- 
manu, L. Frank, F. Guthrie, and F. D. Brown have studied the properties of 
ftii^dures of carbon disulphide with ether, * chloroform; benzene, and carbon 
tetrachloride — vide supra. For the action of alcohols in the presence of alkalies — 
vide injra, the xaiithogenates. Numerous reactions of carbon disulphide with 
organic compcxinds have been studied. According to C. Liebermann, paraffin can 
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absorb thrte times it^ wefglit of carbon disulphide, and has accordingly been 
recommended as aa absorbent for the disulphide in desiccators. E. Fremy anfl^ 
A. Colson found that at a high temp, carbon disulphid^ reacts with silicon, forming 
8ilic(»n sulphide. 

It will l)(! observ(‘d that carbon disulphide hfs marked solvent qiualities ; it 
dissolv(js nitrogen (dilorich*, hydrogen sulphide and persulphide, bromine, iddine, 
sulplyir, .selenium, arsenic, antimony, the chlorid^*of phosphorus^ sulphur, 
selenium, arsenic, antimony, tin, titanium, •sulphur dioxide, pitrogan oxides, carbonyl 
sulphide, <‘tc. It also dissolves fats, oils, ethereal oils, resits,# colouring agents, 
camphor, caoutchouc, gutta-percha, wax, pai^ffin, etc.— F. Schlaglienhauffen, 
G. Gore, etc. * 

According to J. J.Jlerzelius,® heated potassium takes fir<5 in the vap. of carbo.” 
diHulj)hide, and burns with a reddish flame, and becomes covered with a black crust, 
which dissolves tn watfr with^he separation of carbon. According to 0. Loew, 
wlien so^Jum and carbon disuljihide are heated ‘in a sealed tube at 140‘^-150°, 
sodium sulphide and sodium thiosesquicm^>onate, Na2C2S3, are formed. *The latter, 
with waic'i* gives fhiosesquicarhonic acid, L. Raab olitained a product, 

('580. I^y treating a liqipd alloy of potassium and sodium with rectified carbon 
disulphid(‘, T. E. Thorpe obtained a yellowish-brown iiowder which he said was 
more explosive than nitftgeu iodide. Observations on the action of carbon 
disulphide on the alkali metals or their amalgams have been made by G. Ldwig, 
II. Feig(‘l, It. Hermann, 0. Keichl and E. Guignet. When carbon disulphide vap. 
is passi'd ov('r red-hot copper or iron, not sufficient to decompose it completely, 
it is converti'd into a rose-red liipiid which contains carbon monosulphide and 
undecom])o.Hed disuljihide ; at the same time, the copper is converted into sulphide, 
and, added M. Gluzel, the sulphide is covered with a layer of carbonaceous matter, 
but L, J. Thenard and Ji. N, Vamjuelin obtained no evidence su])})orting the 
latter Htateinent. 8. Kern also said that iron at ordinary temp, transforms carbon 
disuljihide into the monosulphide; and, according to V. Merz and W. Weith, there 
is formed at 250 ' 27t)'\ iron sulphide and a dark brown substance which is probably 
an iron sulphocarbide. The laiit-named also obtained with co])p(>r at 200”-250^ 
copper sulphide and a black carbon sulphide. A. Cavazzi pas.sed the vap. of ca.bon 
disulphidi; over heat('(T (;oppor, von, silver, magnesium, zinc, and aiuminium, and 
obtained the metal ||uip|^id(*s and graphitoidal carbon ; no com})ound of carbon 
with sulplyir was (tiserved to be formed. According to E. Lionnet, if a strip of 
tin foil be wraj)ped spirally about a ^Id or platinum wire, and diji^ed in carbon 
disulphide, tin sulphide, and coloiirlcss crystals are formed. lie thought the crystals 
were veritJflile^ diamonds {(j.v.). P. Schiitzenberger passed the vap. of carbon 
disulphide ovei platinum sjionge at 400M5Q", agd obtained a fhiimm sulvho- 
carbide, ^ r F 

J. J. Berzelius and A. Marcet found that the alkaline earth OXides are converted 
into sulphides and carbonates ; and the former also found that iron oxide, manga- 
nese oxide, and tin oxide are converted into th(‘ corresponding sulphides and sulphur 
and carbon dioxides. Carbon disulphide is a powerful sulphurizing ageift ; according 
to E, plus emnjcdquc quon comiaisse, for it readily converts the metal 

oxihes into their sulphides. F. Schlagdonhauffcn obtained the corresponding 
sulphide* by heating lead oxide, zinc oxide, cobalt oxide, antimony oxide, iron 
oxide, and manganese oxide, with carbon disulphide in a sealed tube at 250®. 
According to E. Fremy, and F. G. Reichel, carbon disulphide vap. converts red-hot 
magnesia and alumina into the corresponding sulphides. A. Qautier found that 
when carbon disulphide is passed over red-hot china day (kaMin), carbonyl sulphide, 
silicon sulphide, and aluminium thiosilicate are formed; while with alumina, 
aluminium sulphide and* carbonyl sAlphide aie formed. H. Rose found tahUlic 
oxide is likewise converted into the sulphide. * ^ 

Aq. soln. of alkali hydroxides slowly dissolve carbon disulphide, forming alkali 
carbonate and thiocarbonate : 6K0H-l-3CS2=K2C03-f 2K2CS3-f-3H^O. F. Sestini 
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ilso found that by d^esting carbon (iiaulphide and an aq. so!h. of an alkali carbonate 
It 60*’, carbon dioxide is evolved, and alkali thiocarbonate is formed. D. Walker, 
Ind R. Sostini found that*an aq. soln. of calcium hy^xide at ordinary temp, 
jr at dO'’, furnishes orange-j^ellow needles of calcium hydroxythiocarhSmle, 
[JhC^.Ca(OH) 2 . 6 (or TjHjO ; banum hydroxide, and magnesium hydroxide, under 
nmilar conditions, form respectively barium and magtmium hydroxyihiocarhonales ; 
bht carbon disulphide 'cipes not act on zinc hydroxide. 0. Cliancet and 
F. Parmentier fofind that when baryta-^^ater is mixed with an aq. soln. of carbon 
disulphide, or wit^i a mixture of carbon disulphide and water, very little action takes 
place at tne ordinary temp., |jutcf the mixture is heated an abundant precipitate 
[)f bariunf* carbonate is formed, and the supernatant liquid becomes yellow. If 
the mixture is heated in sealed tubes at 100 *’ for some time, the liquid gradually 
becomes colourless, and the amount of barium carbonate formc^ is greater than 
that calculatcfbfrom the equation given by J. J. Bcrzeliii^, SCS^-f GMOH—MoCOg 
-f 2 M 20 S;j^ 3 H 20 . Wh(Mi carborfdisulphicle is licked with an excess of ajomewhat 
iil. soln. of barium hydroxide at 100 *’, in icalcd tubes previously filled with nitrogen, 
the reaction is represented by the equation: CS 2 l- 2 Ba(HO) 2 — Ba 0 iT 3 -}-Ba(SH )2 
“f- H 2 O. If the mixture is heated in contact with air, the ^ame proportion of barium 
jarbonate is formed, but it is mixed with a certain qujeintity of barium sulphate 
formed by the oxidation of the hydrosujphide. F. Schlagdenhaullen investigated 
the action of carbon disulphide on many salts. Molten potassium nitrate oxidizes 
the vap. to carbon dioxide, nitrous fumes, }) 0 ta 8 sium thiocyanate, and sulphate ; 
potassium nitrite behaves similarly ; and when potassium or lead nitrite and 
Mirbon disulphide are heated in a sealed tube, carbon dioxide, the metal thio- 
cyanate, etc., are formed. E. Obach found that carbon disulphide is scarcely 
aif('ct(‘d by a cold soln. of potassium permanganate, but, according to S. Cloez and 
E. (luignet, a boiling soln. is quantitatively reduced, forming sulphuric acid, and 
oarbon dioxide, F. Schlagdenhauffen found that carbon disulphide reduces 
chromic acid ami the chromates, the lower oxide of chromium Ixnug formed when 
the mixture is hi'atcd in a sealed tube ; similar results were obtained with 
molybdic, tungstic, vanadic, and titanic acids. He also found that many metal 
salt^ when heated with carbon disulphide m a scaled tube to 200'’-250'’, in the 
presence or absence of water, furnish sulphides, aMd carbon *di oxide and the acids 
of the salts are si't free— cuprous chloride is but littki aljacked at 250°, and 
cuprous iodide is not affected at 300°. II. MUllcr studied thdt* behaviour of some 
metal salts towards carbon disulphide. * 

A. C. Bocquerel, and F. Wohler studied the action of a copper plate dipping in 
superposed layers of carbon disulphide and an aq. soln. uf CUpricfnlTirate. The 
former said copper suboxide, th« latter said cupric sulphide, is deposited in*the lower 
part. According to G. Gore, carbon disulphide di.ssolves stannic chloride and titanic 
chloride. H. Arctowsky measured the solubility of stannic chloride in carbon 
disulphide at low temp. ; and he also found that at 20 *’, 100 grms. of a sat. soln. con- 
tained (1042 erm. of mercuric chloride, or 0187 grm. of mercuric bromide, or 0 320 
grin, of mer^ric iodide. C. E. Linebarger also measured the solubility of the three 
mercuric halides in carbon disulphide. H. Arctowsky also found mercdric nitrate 
is very soluble in boiling carbon disuHihido ; ferric chloride, and lead nitrate Ire 
also soluble in carbon disulphide, but moat other salts of the metals* are Insoluble. 
B. Aronheim studied the effect of molybdenum chloride on carbon disulphide. 

Reactions 0 ! analytical interest. — According to A* W. Hofmann,i^ carbon 
disulphide can be quafijitatively determined by passing the vap. through an ethereal 
soln. of triethylphosphme ; and the red crystalline compound P(C 2 H 5 ) 3 .CS 2 dried 
in vacuo and weighed ; according to E. Fischer, M. Busch, and C. Liebermann and 
k. Seyewitz, the white compouifti it forms with phenylhydrazine, namely, 
CgH .Nfi.NH.CS.S.NH.NH.CeHg, can be used in a similar manner. Acoordi^ 
to G. Chancel and F. Parmentier, carbon disulphide can be estimated by heating 
in a sealed tu15e at 1 (X)° a mixture of carbon disuljphide and baryta-water ; barium 
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Hulphidii is ffirrnod. This is converted into barium sulphate and weighed. Accord- 
ing to C. Doniges, wlien a mercuric salt is wartned with carbon disulphide, a disuly 
phohalide, HgX2.2Hg»S, is formed as a characteristic crystalline precipitate: 
A. Goldberg treated carbon disulphide with aq^ ammonia whereby a mixture 
of hydrosidphide and thiocy(\uat(‘ is formed; CS2-|-3NHi-->NH4HS+NH4CNS. 
The sid[iliide is tlien titrated i^lth ammoniacal soln. of a zinc salt. When carbon 
disulphide is treated with an alcoholic soln. of potasciflin hydroxide, fjotassiulh 
xauHiate, KS.GS.OC^H-, is formed. 'I’his can be estimated By titration with 
standard cupric sulphate as recommended by H. Macagno, E. A. Orete, 0 . Hehner 
and W. L. (.'arjiente;, or K l». Harding and J. : 2CuS04+4(KS*C8.002H5) 
-(Ju{H.C8.0(Uir,)2-TCUlrjO.GS.S.8.G8.0G2lir,-f 2X2804. The copper xa^itbate can 
be eon verted to thd* oxide and weighed as recommended by *H. Macagno,^ 
E. 8. Johnsor', oij M. Ra^g. The xautliatc can be oxidized to sulphate by titration 
with staijdard permanganate •‘as recommended l^y W. Schmitz-Bumont ; with 
standard hydrogen dioxide as recommended by Petersen, or D. Stravprinus ; or 
with potasf^um iodide after the soln. has-liecn neutralized with sodium" carbonate 
as roeorj mended by E. G. Jiadclitfc, M. Gastine, or E. Rupp and L. Krauss. 

The physiological action of carbon disulphide.-Garbon disulphide is a blood 
poison and is fatal to all /onus of animal life.’- Observations on animals show 
that it forms with the ha-moglobin of tlu', blood, and this is attended by disintegra- 
tion of the red corpuscles. There is amesthesia of the whole body, and death occurs 
through paralysis of the ri'spiratory centre. Artificial resjaration does not restore 
life. It is a convenient agent for the destruction of noxious insects, moths, bugs, 
etc. It has also been recommimded for exti'rminating rats and mice Frogs and 
cats are said to be le.sa affected by carbon disulphide than are birds, rabbits, and 
guinea-pigs. In hictories, where carbon disulphide is used daily for di.ssolving 
caoutcJiouc, etc., it acts as a chronic [loison, jmxlucing jieriiiheral neuritis, and 
disorders of the digestive t.ra«*t. T. Rokorny studied 1 he action of carbon disulphide 
on pants; H. Ileinze, and K. Sbirmer, on soils; ami P. Zrdhir, II. Schifl’, and 
M. ( Kuindi-Ib'y, its action on bacteria. 

The uses of carbon disulphide.-- (hrbou disulphide is emidoyed in the vul- 
canization of rubber :,iii the extraction of essential oils ; and as a solvent for^bils 
tabs, and waxes: it. is used in the j)re}mrali(m of carbon tetrachlorKlc, ammonium’ ’ 
tiiiocyannle, viseo.se t>r uH^iliei.il silk, and many organic compounds; as an insecti- 
cide m thr preseiv^tioii of grain and foods; in the prejiaration of antidotes to 
phylloxera: as a parasiticide . asaloealamestbetic ; etc. In induslritd work, special 
llirRime the inflammability and poisonous nature of 
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48. The ThiocarboniQ Acids and the Thiocarj^nates * 


The thiocarbonates wer^ discovered by J. J. Berzelius i in 1826 , and described 
in his paper : Om svafnelsalter.9 He noticed that carbon disulphide dissolves* in a 
solnt of godium sulphide, and when alcohol is added^ sodium thiocarbonato is preci* 
pitated aa a yellowish-brown oil ; further, if dil. hydrochloric acid is added to sodium 
thiocarbonate, the free^ llitocarbonic aci,d, which he called Kohknschuffehmxser- 
8toffitdur€y separates as a yellowish red oil. W. C. Zeise called the acid kothsdun\ 
or Hydrothiocarbon^ure, The thiocarbonates are analogous to the carbonates with 
sulphur iij^ place of oxygen ; Hiufcarbon dLsulphide, by this ^ew, is thiocarbonio 
pnhydride, CS^, and thiocarbonic acid is constituted 112083. The thiocarbonates 
are salts of the type M2'CS3. They are in general unstable, ‘although thiocarbonic 
acid itself is in^ich more stable than carbonic acid ; a factjjossibli’^ associated with 
the gaseous character of the carbonic anhydride, afid the liquid character of Ihio- 
fli^rbonic tfnhydride at ordinary temp. Just a.s ordinary carbonic acid, *00(011)2, 
is metacarbonic acid, d(Tived from ortlTocarbonic acid, (■(OH),, by ^e loss of a 
mol. of water, so can ordinary thiocarbonic acid be regard<‘d as metaihio^arbonic 
acid, ('S(SH)2, derived from orthothiocarbonic acid, 0(SH),, by the loss of a mol. of 
hydrogen sulphide. The ortlueacid is not known, bwt P. Oliisson }>re})ared an 
oily liejuid cfhyl orlhotiuocarbomh’, (XS02^1')4, by the aelion of carbon tetrachloride 
on sodium ethyl sulphide, Nu.S.CUfr,. There are six possible sulj)hur derivatives of 
metathioearbonic acid, and they can be designated in many ways. A. Hcnninger 
applied the affix sulpho- when the oxygen atom of the carbonyl group is disjilaced 
by sulphur, and (hio- when the oxygen atoms of the hydroxyl groups are displaced ; 
or the affix fhiol- or thw- can be used when suljihur displaces the oxygen of the 
hydroxyl groups, and thinn- for a similar displacement in the carbonyl group. 
The sulphur atoms of the 8H-groups can be designated a-, and the sulphur atom 
of tlu’ rS-groii}), ; and the acids with one, two, ami three sulphur atoms 
resjiectively calli'd mono-, di-, and tri-thiocarbonic acids with a- or j3-pretixed to 
repre.sent the dispodtion of 1 he sulphur atoms present, fn the case of trithiocarbonic 
acui^ of course no prefix is needed. Thus, * 
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It will be observed that tiiion^irbouic and thiolcarbonic acids are isomeric 
nionothiocarbonic acids ; and tliiolthioncarbonic and dithiolcarbonic iftids are 
isomeric dithiocarbonic acids. W. C. Zeise found that carbon disulphide dissolves 
in an alcoholic soln. of potassium hydroxide, forming polassmm elhylxanthate, 
This is the potassium salt of what W. C. Zeise calletl rotwcrdetided 
Sah or Xanthogemaiire, and is now called xanthic acid or xanthogenic acid, 
( 2H5O.CS.SH yellow; ytwdw, I generate — in allusion k) tlfe colour of 
the copjrer salt When the potassiifm salt is treated with dil. sulphuric acifl at 
0 ‘', the free acid is produced as an oily liquid. When heated to 24 °, the decom- 
poses into ethyl alcohol and carbon disulphide, and hence, unhiss xanthic acid 
undergoes some peculiar intra-molecular change before dccoinjiosition it is inferred 
that it cannot btf co^i^tituted : CgH^S.CS.OH. or C2H5S.CO.SH. Xanthic acid is 
therefore the ethyl derivative of thiolthioncarbonic acid. Xanthic acid usually 
decomposes violently a few minutes after it has been prepared owing to the catalytic 
♦iction of the alcohol formed as a prdHuct of it*8 decomposition. If intimately mixed 
with pJTv,s|)hOric oxide, the acid is far more stable and it can be kept for weeks. The 
rate of dccoi^osition of the acid is greatly influenced by the solvent. Thus, the 
Velocity consfiint fof ethyl alcohol is l, 0 (X), 000 ,^and for carbon disulphide, unity. 
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There is no«relation between the dielectric constant of the solvent and the speed of 
the reaction. H. Awn Halban and co-workers have studied the kinetics of th^ 
decomposition. The influence of different solvents on the speed of a reaction is 
welUllustratcd by the following experiment due to H. von Halban and A. Kirsch : 

A suln. of U‘8 gim. of potassitm xanthato in water at 0° is treated with 40 c.c. xf'lene 
and the calrulatod amount of lee-i^ld dil. sulphuric acid. The mixture is shaken vjgorou^y 
in a s^parijtmg funnel and the xylene soln. is removed, dried f dlh calcium chloride, followed 
by pliosphoric oxide ; filtered and diluted to*60 c.c. If one c.q of thfe soln. with 10 c.c. 
of t^io given solvent is treated with 10 c.c, of a soln. of 0*29 grin, of hydfated cobalt nitrate 
in 100 c.c. of alcohol, a dark green soluble cobaltic xanthate is formed, and Borae«xanthic add 
remains undecoinposed. With ethyl alcohol and aflbtoiio as solvents, decomposition is 
complete in a few miimtos ; with nitromothanc, the xanthic acid is not quite all decomposed 
after half an hour’s acti^ai, ami with glacial acetic acid after an hour’s nctfon ; boiling fof 
half an hour with chloroform, ether, benzene, carbon disulphide does not decompose all 
the xanthic acid, # ^ n 

Otlier'^alrobols give produ(;fcs analogous to xfinthic acid, thus, J. B.,A. Dumas 
and h]. Pcligot, P. Desaitis, and H. S. Kry.made methylxanthic acid, OH3O.CS.SH, 
by ih(‘ actTlm of inagnesiuin on a soln. qf carbon disulphide in methyl alcohol. 
J^olassl^m clltyl a-duocarhunatr, (Uf3O.CO.Slf, jirepami by H. Debus,- (j. Chancel, 
and fbmdi'r is a derivative of thiolearbonic acid; diclhyl ^-thmarhonatc, 

( 2lIr,0.(^S.O(Ulr,, prepared by R. Nasini rhloro-^-lhiornrbonalc, (Uf3O.CS.Cl, 
])n'pared by I*. Klason; and xandmjemtmkk, C2H3O.CS.NH2, prepari'd by 
F. Salomon, H. Debus, and G. (-Iiancol, are represiuitatives of tbioucarbonic acid ; 
potassium ethyl a^-dithimuhonnte, or xanthic or xanthogenic acid, 021150. CS.8H, 
jireparod as indicated abovi*, is a di'rivative of tliiolthioucarbonic acid ; diethyl 
aa-dithioearho 7 iati\ (UI3S.CO.SC2H5, prepared by R. Schmitt and fj. Glutz, 
F. Salomon, and R. Seitfert, is a representative of ditliiolcarbonic acid ; and 
monoethyl trithiocarbonate, O2H5S.CS.SH, prepared by G. Chancel, and diethyl 
Inthincarbonate, C2H5S.CS.S(j2H5, prepared liy P. Klason, P. Schweitzer, H. Debus, 
A. Huseinann, R. Nasini and A. S(;ala, and C. Ltiwig, are derivatives of 
trithiocarbonic acid. 

As indicated above, dilhioHhloncarbonic acid, or trithiocarbonic acid, or sinijily 
thiocarbonic acid, IKCS3, was prepared by J. J. Berzelius ^ by adding colcf dil. 
hydrochloric acid to a soln. of a Ihiocarbonate. The acid separates tfs a dark yellow 
or reddish-brown oil^ C, Zeise added that if too much acid is added in the 
prcjiaratioii, the oit dissolves, and if the acid be too coiic. hydrogen sulpliide is 
evolved. J. G. O'Donoghue and Z. Kalian prepared it by slowly drbpping a soln. 
of calcium thiocarbonate into cc-nc. hydrochloric acid. Both soln. were previously 
cooled in jf iil’l'zing mixture, and the vessel containing the mixture was allowed 
to stand /or some lime after all the calcium /hioonrbonate soln. had been added. 
After afi hour or two, the liquid was decanted, the last drops being separated with 
a separating funnel. The oil was sometimes washed rapidly with ice-cold water. 
It was then placed in a smallflask surrounded by a freezing mixture, calcium chloride 
added, and the ffask attached to a good pump until bubbles no longer app9,ared to 
arise from the oil. In this way hydrochloric acid and water were removed, and the 
oil was finally dried over phosphorus peutoxide. E. W. Yeoman found that if 
pu/ified tliiocarboiiates are employed, and oJlygen be excluded, no oil is produced 
at 0 ° ; if fill has access, then an oily liquid slowly separates. Impure thiocar- 
bouates, and purified pcrtbiocarbonates give an oily liquid at ordinary temp. The 
red oil is therefore assumed to be perthiocarbonic acid, H2CS4, and it separates 
from the soln. owing to its insolubility ; it is further assumed that thiocarbonic 
acid, H2CS3, is soluble in water. If this be correct, the following description refers 
to perthiocarbonic acid and not to thiocarbonic acid. 

. Thiocarbonic acid is an oily liquid wilrfi a disagreeable, pungent odour,. 
J. G. O’Donoghue and Z. Kahan state that their analyses of the oil always^ehowed 
an excess of sulphur beyond that required for H2CS3, so that it was inferred that the 
acid always holds some sulphur in soln. The oil can be distilfed at 60 ° with decom- 
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position. Abortive attempts were made to distil the acid* under diraij^ished press. 
from a flask connected with two receivers surrounded by liqui(l air. J. J. Berzelius 
stated that the oil decomposed into carbon disulphide and hydrogen sulphide. 
According to J. G.O'Donoghue and Z.Kahan,thiocarbonic acid is soluMe in algohol, 
^ving a yellow soln. which decomposes rapidly with deposition of sulphur and 
formatit)n of carbon disulphide and hydrogen sulpMde. It is also soluble in liquid 
ammonia, turpentine, tol^jene, ether, or ehlorofdrm, in all of which solvents it 
very soon decomposes,* but is most staWe in the two latter. H. von Halbtfn and 
co-workers raea^^’d the rate at which the thioearbonates decompose when^dis- 
solved in different solvents ; tli%y also measured the absorption spectra of soln. 
of trithidearbonic acid and of its ethyl salt in chloroform, alcdiol, light petroleum, 

^ ether, and toluene ; and of the barium salt in water. ^Jarked diflerences were 
obtained in the spectra of the acids and the salts. The existence of the free acid 
in the soln. Was indicated by the similarity between tlie spectrum of a soln, of 
the sodiiyn salt and that for a ioln. of the acid in an organic solvent.* In liquid 
air or solid carbon dioxide, this carbonj^j acid fortns a pink .solid which tnelts again 
to a red liquid on removing the refrigerator. The acid is insoluble #fi water, but 
is at once decomposed by it, witli evolution of hydrogen sulphide and formation of 
carbon disulphide and sulphur. This also occurs in a soln. of common salt. It is 
much more stable towards strong acids, e.specially hydrochloric acid, under which 
it can be kej)t for several days if cool. The colour, however, gradually fades, 
and finally only carbon di.sulphide is left. In air, it gradually (jvaporates, often 
leaving a brownish-black residue consisting largely of sulphur. Sometimes it has 
botm kept for a few days in a loosely-stoppered flask without any considerable loss. 
The oil dissolves flowers of suljflmr readily with a slight darkening in colour, and it 
is po.ssible, therefore, that the colour of the oil is due to dissolved sul])hur. It does 
not burn on water like carbon disulphide. Sodium and ])otassium act on the dry 
oil or on its ethereal soln. Potassium decomposes it very violently, giving an 
immediate yellow, crystalline precipitate of ])otassium thiocarbonate, whilst, in the 
former case, sodium thiocarbonate gradually separates. Hydrogen sulphide and 
probaldy hydrogen are evolved in both cases, jjjlagnesium powder has a])parently 
little action on the oil, and on trituration with mercury a red .solid is obtained, it 
is soluble in ftn exee.ss of hydrocldoric or sulpliiigc acid, afld reacts with the alkali 
carbonates liberating carbon dioxide, and forming thioearbonates. 

J. J. Berzelius and A. Marcet found that carbon ditlfilphide slowly absorbs 
ammonia t« form a slightly yellow amol^jhoiis powder which can Te sublimed ; 
it absorbs water with avidity, forming first an urange-ycllow soln., presumably of 
ammonium thiocarbonate, and then a lemon-yellow liquid, which lijiMion verted into 
ammonia, sulphuric acid, and,carl^onic acid. W. (J. Zeise made ammonium thio- 
carbonate, (NH 4 ) 2 CS 3 , by mixing a sat. alcoholic soln. of ammonia wi{l)» one- tenth 
of its vol. of carbon disulphide ; cooling the mixture after it has become brown, 
pouring off the mother-liquor, washing the crystals several times with alcohol, , 
then .with ether, and finally drying the crystals by press, between filter paper. 

E. Mulde? said that if the right proportions are used, the thiocarbonate alone crys- 
tallizes out. The mother-liquor was found by W. C. Zeise .to oontain much 
ammonium tluocarbonate and sulpbide ; and H. Debus said that when ah^liolic 
ammonia and carbon disulphide react, ammonium thiocyanate and thiocarbamate 
are formed as well as ammonium thiocarbonate. Indeed, said JT G. O’Donoghue 
and Z. Kahan, the pale yellow, crystalline precipitate obtained by shaking dried 
carbon disulphide with a sat. soln. of ammonia in alcohol, behaves quite differently 
from ammonium thiocarbonate. E, W. Yeoman saturated with hydrogen sulphide 
a 20 per cent, soln, of dry ammonia in alcohol, and after warming to 35°-40'^ and 
• simultaneously passing in hydrogen to exclude air, added a slight excess of carbon 
disulphide, and dry ether until a permanent turbidity was produced. Oii cooling 
the soln. slowly, red crystals separated. These were collected in hydrogen, washed 
with dry efher, an^ dried in a current of hydrogen at ordinary temp. A. G^lis 
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made animqjiium thiocatfbonate by the action of carbon disulphide on ammonium 
sulphide. J. G. O’Dpnoghue and Z. Kahan made it by the action of liqmd ammonia^) 
on an alcoholic soln. of thiocarbonic acid ; the yellowish soln., on evapoBation, 
gaveia yellow solid which soon decomposed: (NH4)2CS3=(NH4)2S-}-Cc'2 J and 
(NH4)2Sn=2NH3+If2S. J. Volhard, and C. Delitsch'made ammonium thiocarbonat'e 
by heating ammonium thiocya^jate to 170° for 100-120 hrs., or to 180°-i90 for 
20 hrs, r ’ ' . 

Ammonium thiocarbonate, said W. C. ^ieisc, forms paler yello\^' crystals, which, 
when exposed to air, volatilize completely in a few days. If protertcd from moistur^ 
the salt may be sublimed almost unchanged, bul a ^mall quantity of ammonium 
sulphide apjioars to be formed during the process. E. W. Yeoman found that the 
salt dissociates compleh'Iy at 100°, and leaves no residue. The salt dissolves rapidly* 
and coj)iously in water ; a soln. with one part of the salt in eight parts of water is 
red ; with a greater pro]R>rtion Qf water, the soln. is brown ; and with a still greater 
pro])ortion of water, yellow ; if the a<j. soln. be deept in a closed vesse), it turns 
reddisli-brown ; the soln. is deeoloriz(‘d ^n exposure to air, and a grey car- 
bona(!eous }f►('(;ipitate settles. E. W. Yeoiyan said that aq. soln. of the salt are 
very unstabh*, easily losing carbon disulphide, hydrogen 8ul])hide, and ammonia, 
and some oxidatit)n occurs. This change occurs rapidly when the aq. soln. is boiled 
in an open vessel, very littl^. thiocyanate or carbamide being formed. J. H. Glad- 
stone gave I'OOf) for the sp. gr. of a soln. of an eq. of the salt with 35*47 eq. 
of water, and for the refractive indices 1*3918 with the ;l-line, and the D-line. 
A. Gelis said that the .soln. decomposes aty0°-l(X)°, forming ammonium thiocyanate 
and hydrogen sul[)hide. According to W. C. Zeise, when the salt is moistened with 
alcohol, and exposed to the air, it immediately assumes a deeper yellow tint, and in 
a few seconds it becomes red ; if the salt has been very well washed with ether and 
pressed thoroughly dry, it will retain its colour for 5 min. in air, and in closed vessels 
for a longer time. The salt dissolves sparingly in alcohol, and is still less soluble 
in ether. When left with alcohol in a closed vessel, the salt decomposes : 
(NH4).2CS3 ■-(NH4)CS2(NH2)-[-H.2S. When mixed with an aq. soln. of potassium 
hydroxide and evaporated, the resiidue is potassium thiocyanate ; with lime-water, it 
furnishes a yellow powder, and the soln. still contains thiocarbonates. E. W. Yeonlan 
found that the aq. 8oln.*di.ssolve8^i gram-atom of sul[)hur per mol of Salt. Hydro- 
chloric and sulphuric acids decolorize the red aq. soln. and render it turbid owing 
to the separation of bhtocarbonic acid, and, with an exci'ss of more cone, acids, the 
precipitate is dissolved. When a cone. a^lj. soln. is treated with cone, acills, hydrogen 
sulphide is given off ; but with moderately dil. sulphuric acid, thiocarbonic acid 
is formed with^i^t the evolution of hydrogen std})hide. H. Hager, J. A. Palmer, 
and H. Siepissen have di8cus.sed the use of anpiioui?ini thiocarbonate in place of 
ammoniiiu sulphide in analytical chemistry. 0. lA)ew treated a soln. of thiocarbonic 
acid in ammonium sulphide, with hydrochloric acid, and digested the precipitate 
with aq. ammonia. The red soln. was supposed to contain amvionium sesquithio- 
carhonate, (NH4)2C2S3, and decomposed on evaporation or on standing (see p^lSI). 

J. J. Berzelius, and C. W. Zeise prepared potassium thiocarbonate, K2C^, 
by dissolving carbon disulphide in a soln. of potassium monosulphide, or hydroxide 
— in the latter case some carbonate, as well ^s thiocarbonate, is formed : 3CS2 
4-6K0H=*-K2C03-1-2K2CS3-1-3H20. He recommended adding carbon disulphide to 
an alcoholfc soln. of potassium sulphide so long as it dissolves ; the lowest stratmn 
which separates on standing is separated from the two upper ones — the middle 
stratum is mainly carbon disulphide, and the top one mainly alcoliol -t and evaporated 
at 30° for crystallization ; or saturating at 30° an aq. soln. of potassium sulphide with 
carbon disulphide in a closed vessel quite full of the mixture, and evaporating ^ 
befqre at 30°. H. Hager made the salV- by digesting potassium hydroxide with 'a 
soln. of sulphur in carbon disulphide ; and B. Holmberg, and E. Bijlmann taeated 
an alcoholic soln. of potassium hydrosulphidc with carbon disulphide. E. W. Yeoman 
dissolved 2 grnis. of potassium in absolute alcohol, converted the 8olu.*hQ,to hydro- 
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sulphide, at and then addoS carbon disulphide. As the soln. (ymled yellow 

Krystals were formed. These were washed with dry ether, ami dried in a current 
of dry hydrogen at 45 °. i. 6. O’Donoghuo and Z. Kahan precipitated the salt 
bj adding an alcoholic soln. o^ potassium hydroxide to thiocarbonic acid.# The 
sal^was purified by evaporating the soln. in liquid ammonia. According to 
J. Bdrzelius, the yellow crystalline salt is very ^liquescent ; and it loses w’atcr 
of crystallization betweeh«6()° and 80 °. When heated out of contact with air, it 
forms potassium sulphide and carbon. It is readily soluble in water^ and sparingly 
i^luble in^alcohfll.* According to N. Tarugi and A. Magri, when an aq. soUi. of 
potassium thiocarbonate is bcilecbout of contact with air and in an atm. of nitrogen, 
the first \)ha8e of the decoinpo.sition occurring is represen^d by the equation 
•K2CS3~K2S4-CS2. The potassium sulphide t hus formed subsequently undergoes 
hydrolysis, giving potassium hydroxide and hydrogen suljihide : K2S+2H2O 
-- 2 K 0 H-f In presence of air or oxygen, the d(#:*ompofttion ot the tliiocarbonate 
elTected by boiling its soln. is mpresented by the equation: 2K2CS3H-‘iH20-|--02 
==K2S203-f K2CO3 fCS2-l-2ll2S. Finally, in an*atm. of carbon dioxicle, decom- 
position occurs according to the e(piatitm: Kol’S;, {-('Go 1 H2O IC^COf |-CS2d-H2S. 
J. J. Berzelius’ e([uation: K2CS3 | 3ll20^K2C0;, j 31 ^S, do(‘s not reprteent the 
reaction. Under the act ion of sunlight and in pri'sence of air, soln. of thiocarbonates 
undergo, at the ordinary tcunj). and witlj an incr(*ased velocity, the same transforma- 
tion as takes place on boiling in absence of sunlight. In vessels evacuated and 
then exposed to sunlight, thiocarbonates remain unaltered for a long time, the 
equilibrium K2US3^K2S-f (’83 not lieing disturbed by the removal of one of the 
products of the decomposition. Towards organic compounds, thiocarbonates behave 
in such a way as to confirm the fact that they (lecompose into a sulphide and carbon 
disulphide. Thus, with aniline, potassium thiocarbonate yields the condensation 
product of thioformanilido. Under other conditions, thiocarbonates behave like 
simple sulphides ; thus benzoyl chloride and a thiocarbonate in equimol. proportions 
yield benzoyl disulphide, which is also formed by the interaction of benzoyl chloride 
and pota.ssium hydrogen sulphide. According to J. U. O’Donoghue and Z. Kahan, 
it is readily soluble in liquid ammonia. K. VV* Yeoman found a soln. containing 
a mol of the salt in water dissolves a gram-atom of sulphur. 

H. llagerf and T. Rosenblatt di.scussed the us^ of the salt in place of ammonium 
sulphide in analytical work, The detection and detejrnination of thiocarbonates 
have been discussed by A. and T. Gelis, (’. Vincent, E. L. <fe Bouquetj^E. Fallieres, 
0 . Danneejf, 0 . Hehncr and H. S. Carpenthr, etc. The thiocarbonate is converted 
into the lead or zinc salt, and decompos('d by acetic acid (B. Delachanal and 
A. Mermct), by arsenious acid (M. David and A. Romnycr), or Ipy^ R at (L. Finot 
and A. Bertrand). The resiltinj^ carbon disulphide is received in ylive oil, or 
alcoholic potash ( 13 . Delachanal and A. Mcrmet), or measured in a graduated cylinder 
(M. David and A. Rommier), or estimated by the loss of weight (L. Finot and 
A. Bertrand), or the alcoholic potash and xanthate is titrated with iodine 
(B. Delacljanal and A. Mermet). R. Thenard, J. Maistre, M. de Georges, A. Mares, 
F . Sestini, and A. Mermet have discussed the use of thiocarbonates for the destruction 
of the 'phylloxera vestalrix, and other cryptogamous diseases of plgnts.* 

According to J. J. Berzelius, lithium thiocarbonate, LiaCSg, is obtained* by a 
]>roces8 similar to that which he employed for the potassium salt. ^The^alt is more 
deliquescent than the sodium or potassium salt ; and it is readily soluble in both 
water and alcohol. J. J. Berzelius made sodium thiooarbonate, NagCSji, by digest- 
ing an aq. soln.#of «^dium monosulphide with carbon disulphide in a closed vessel 
at 30 °, and evaporating the liquid. A. Husemann half sat. sodium hydroxide with 
Ijjdrogen sulphide, and mixed the product with carbon disulphide. He then added 
• alcohol or a mixture of ether and’alcohol and obtained sodium thiocarbonate ^ a 
red c^l which was freed from carbon disulphide by heat. I. Taylor made the salt 
by the action of sodium amalgam — preferably in the presence of a strip of platinum 
--on water* in the* presence of carbon disulphide— carbon dioxide and hydrogen 
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are evolved^ J. G, O’Doaioghuc and Z. Kahan found that when dry, freshly-prepared 
sodium ethoxide is Ridded to thiocarbonic acid, a yellow crystalline precipitate ii? 
gradually formed which can be washed with cold alcoh4>l. K. W, Yeoman made it 
by a process analogous to that used for the potassium salt. According to 
J. J. Berzelius, the yellow salt can be crystallizecT from its aq. soln. The yellow 
needle-like crystals of the saltire very deliquescent, and readily soluble in water 
and akohol. It is insoluble in ether or benzene, both which precipitate the salt 
from its alcoholic soln. According to E* W. Yeoman, sodium thiocarbonate is 
stable in dry air free from carbon dioxide. If moisture be present, the salt 
decomposes with the loss of carbon disulphide, *,n(L is oxidizf^d : NagCSa^-NaoS 
+CSi,; NaaS f-H.Ot-NaibSfNaOH; 2 NaSH l-O.^Na.^S,+Ib/) ; and Na 2 S 2+30 
=Na2820a. The salt decomposes, when strongly heated, into sodium clisuljjhide and 
carbon disulphide. A'^cording to J. J. Berzelius, when dried and heated to redness 
in closed vessels,' it ileitjuqiosi^ into a mixture of carbon and so^lium sulphide. 
E. W. Yeoman found that if water be excluded, gllie salt is stable in a ^current of 
hydrogen fit GO" ; but at 75 ^, ca\bon disqjphide escapes, but the loss is not great 
even at 100 ‘^ A (uirrent of dry air free from/arbon dioxide does not cause any more 
decouiptsition than occurs wii h hydrogen. An a<j. soln. is stable in the absence of 
oxygen and carbon dioxide, but in the jiresence of o.xygen, carbon disuljdiide separates, 
and tliiosulphates, polysulphides, and sulohur arc formed, while the unchanged 
thiocarbonate dissolves sulphur, forming pertliiocarbonatc, which also decomposes 
by the loss of carbon disulphide and the subsequent oxidation of the alkali sulphide. 
J. J. Berzelius represented the reaction with water: Na 2 (VS 3 d-; 3 Jl 20 ^Na.AlOa+aHoS, 
which E. W. J^eoman found to be true when an air-free soln. is heated in a sealed 
tube at 100 ", the reactions being NaoGS^ : Na^S-f CS.> ; Nao 8 -l- 2 H.O= 2 NaOII 
-f H2b; and G^NaOHd 3(;S2-Na2C03+2Na2(;S3 |- 31 l 20 .“ The re-fornred thio-car- 
bonate again decomposes, and after prolonged heating, the reaction reduces to that 
given by d. J. Bi'rzidius. The reaction is ncvi'r (|uit(‘ conqdete. If air be present, 
thiosulphate and polysiilphidi' are formed. When sodium thiocarbonate is ilistilled 
with air-free water, in the absence of air and carbon dioxide, hydrogen sulphide and 
carbon disulphide are formed ; the residue contains sodium sulphide and its hydro- 
iytie products, but no carbonate and only a truce of thiosulphate due to leakagit of 
air. This agrees with N. Tarugi und A. Magri's observations. If a sE'eam of air be 
drawn a hoiling soln., E. W. Yeoman obtained results in ])artial agreement 

with those of bk larugfamlA. Magri, who represented the reaction: 2NaoCS3 I- 2 ILO 
+.()2~Na28203-|-('82-fNa2('()3-j-2n.,8. The salt and its aq. soln. are-decomposed 
by carbon dioxide, forming carboi-ate and carbon disulphide; sulphur dioxide forms 
sulphite and-' • bon disulpludo. A solii of a mol of the .salt in water dissolves 
of sulphur, as observed by A. Giuis. In alcoholic soln., it was found 
^%S2 K'82-^Na.,CS4-f8-55 Cals; 

Na 2 CS 3 +S-Na 2 CS 4 f 4-29 Cak 

M. Uuzel stated that when carbon disuljihido is passed over red-hot copper 
carbon is separated and deposited on the surface of the metal, but J. J. Berzelius’ 
and L. J Ihcnard and L. N. Vauquelin said that the carbon disulphide combines 
as a whole with fho metal, forming a shining black substance which, when treated 
withcnitnc acid, leave.s a residue of carbon. .A. Cavazzi observed the formation 
of no coKipound of carbon and sulphur with copper under these conditions- 
t^uie suprd, action of carbon disulphide on copper. J. J. Bi'rzelius found that 
cupric salts give a dark brvwn precipitate when added to a soln. of calcium thio- 
carbonate ; the precipitate was considered to be cupric thiocarhouftte ; it is soluble 
m an excess of calcium sulphide ; and when heated, it gives off carbon disulphide and 
su phur, and cuprous sulphide remains. M. Ragg said that when a soln. of a cupric 
salt 18 treated with an alkali xanthate,*not oiilyds cupric thiocarbonate, CuCSo but 
also cupnc oxydithiocarbonate, CuCOSg, and cupric dioxythiocarbonate, CucboS 
are formed. K. A. Hofmann and F. Hochtlen obtained a complex of cuprous ihio- 
carbonate, CugCSg, and potassium cyanide, namely, potassium ciprous dicyanothio- 
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iarbonatet Cu2CS3.2KCy.2H2O, by f\ie action of ainiuoniupi cuprtfus tb^iocarbonate 
fn a soln of potassium thiocarbonate. According to K.,A. Hofmann, and 
i. A. Hofmann and F. Hd^htlen, ammonium cuprous thiocarbonate, NH^CuC^, 
s obtained by treating a mixture of cuprous chloride, dissolved in cone, hydrochloric 
i^id and excess of ammonia (10 pTr cent.), with carbon disulphide at 0*^ ; after remain- 
ng fhree days, a separation of hair-like crystals tal^s place, and after another two 
lays tlie.Sh arc converted ir^o the new salt. This c/ystallizcs in thick, green tablets 
liaving a metallic lustre, *ind is only very sparingly soluble in cone, ammonia" andgives 
a brown soln. and a^precipitate of brownish-black Hocks with dil. sodium hydroxide. 
It is also obtained by the action ammonia and carbon distilphide on copper sul- 
phate at K)''. K. A. Hofmann and F. Ibichtlen also pre})ar(‘d potassium CUprous 
thiocarbonate* KCUCS3, by adding a cone. soln. of cupric chloride to carbon disul- 
phide dissolved in aq. potassium hydroxide at (F ; it crystallizes in thick plates having 
a greenish lustre. Both salts are converted by aqetic ac)%l or, Better, by sodium 
hydrogen julphitc, into cuprositrsulphotrithiocarbonate, CU2S.2CUCS3, or C2S7Cu4> 
which forms six-si<led plates with a bron^e-like lusfte and is insoluble in \\^ater. 

K. A. Hofmann also reported a copper amminoxythiocarbouale, Cu 302 S 5 (NHd«Oj, to 
he obtained by ulln\\ing a mixture of copper sulphuto, (> per cent, ammoms, add carbon 
disulphide to i’enmin at O' for 4-5 weeks. It crystallizes m hlaek, inonoclinic tablets, din- 
solves easily in ammonia with a blue eoloration, is iiiMiluhle irfwnter, and is not decomposeil 
when allowed to remain over sulphuric nekl. Dil. .sodium hydrosido has only a surface 
action on tlio compound ; hut it is completely decomposed by cone, soilium liydroxiile with 
the formation of cupric hydroxide, rtc. 

A(;cordiiig to J. T, Berzelius, aq. soln. of calcium thiocarbonate and silver nitrate 
, furnish a dark brown precipitate, presumably silver thiocarbonate. It dissolves 
^ in an excess of the calcium salt, giving a dark brown soln. The dried precipitate 
kis black, shining, and difiicult to pulverize; and when heated in a closed vessel, 
I gives oil suljdmr, a little carbon disulphide, and Icavi'S a mixture of silver sulphide 
land carbon. W, C. Zeise also made analogous observations with silver salts and 
■Him alkali Ihiocarbonates, J, J. Berzelius found tliat an aq. soln. of auric chloride 
‘ and calcium thiocarbonate gives a turbid mi.xture which becomes clear, depositing 
a greyish brown precipitate — possibly gold thiocarbonatc This, when heated, 
gives of! sulpliiir ami leaves gold blackened by cbarcoal. »» 

J. J. Berz(‘lius digested calcium sulphide, water, and an excess of carbon disul- 
phide in a closed vessel at and obtained a <lark refi liquid, which, when 
evaporated i« vacuo, gave a yellowish-browft crystalline mass, this, when thoroughly 
dried, was citron-yellow. It was regarded as normal CAthmm tfnocarbomte, CaCSs. 
On exposure to air, w^ator is absorbed, and the colour becomes broaiuj/sh-red. The 
jiroduct is readily dissolved b,v alcohol and water, hut iii the latter case, a basic 
salt remains as a residue. The aq. soln. is dccompo.sed by boiling, and cakium car- 
bonate is deposited. It is, howmver, doubtful if the normal thiocarbonate has been 
made ; all E. W. Yeoman’s attempts gave coinplex«>s of the normal salt with calcium 
hydroxide. Quite a number of these basic salts has been rejiorted, but there is 
little to slfbw which are chemical individuals, F. Sestini reported the formation 
of orange-red, prismatic crystals of CElcium hexabydrqxytbiO€&rboiiat6» 
3Ca(0H)2.CaCS3.7H20, by exposing a mixture of water, calcium hydroxide,, and 
carbon disulphide to the action of solar light in summer; in 6-8 hrii, .the liquid 
acquires a yellowish-red colour, and then deposits the crystals. *The Same com- 
pound is made by heating milk of lime with carbon disulphide for 2 hrs. at 50 ” ; 
and adding a solp. oi calcium hydroxide to the cooled filtrate. F. Sestini utilized the 
reaction for the deteiJtion of carbon disulphide in soln. D. Walker obtained bright 
orange-red needles of calcium tetrahydroxythiocarbonate, 2Ca(0H)2.CaCS3.6H20, 
, agitating milk of Ume with carbon disulphide. The salt is sparingly soluble in 
cold ^^uter, and is decomposed by boibng water ; it is insoluble in carbon disulphide, 
and in alcohol. E. W. Yeoman obtained reddish-yellow needles of a similar salt, 
3Ca(0H)2.CaC^3,9H50, from aq. soln., and similar iftedles, but with the composi- 
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tion dihydjated* calcittm dihydroxythiocarb&nate, Ca(0H)2.CaCS3.2H20, from 
alcoholic soln. S, Qyson discussed the occurience of thiocarbonates in gas liquor 
from gas-works. The foul-lime of gas-works is lime whicji has been used for re^fioving 
hydrogen sulphide from coal gas ; this when moist, and mixed with an equal weight 
of slaked lime, is an absorbent for carbon disul|thide in gases. The absorption 
stops at a stage when about oite-third of the sulphide has been converted into Vhio- 
carbonatCj^ on the assumption that the reaction is CaS-j|CS2“CaCS3. V.»H. Veley 
has 8?udi(id the. reactions. He showed that dry calcium si^lphide does not absorb 
the*vap. of carbon disulphide, but the moist sulphide does ab^osb the vap. ; nor 
do<‘-s the absorption occur with calcium hydrosujphide. Calcium sulpWde, nearly 
anhydrous, was ])lam'd under a small quantity of water, and hydrogeiv sat. with 
carbon disulphide vap, passed into tlic mixture ; the superincumbent water turned 
gradually to a red tint, and tlu* soln. was 8e})arated from the sulphide by the method 
indicated above. •The lilpiid w<^h then placed under the air-pump ; after a few days, 
red, prisnfatic needles apj>ear('d, from which the £|^herent water was drained as far 
as possible* and they were again flricd undjjr the air-pump. Analyses corresponded 
with heptakydrated calcium tetrahydroxythiocarbonate, 2 Ca( 0 H) 2 .CaC 83 . 7 H 20 . 
The rccl*])rismatic cry.stals were very deliquescent, and on contact with air, lost 
their red colour, and becailm yellow and less soluble in water. An aq. soln. gave 
a red oil, thiocarbonic acirl*, when treated with hydrochloric acid. Further, when 
hydrogen, charged with the vap. of carbon dtsulphide, is passed into a soln. of calcium 
hydrosulphide, (.’a(HlI).2, white crystals of calcium hydroxyhydrosulphide, 
Ca(()II)(8H), are formed, and there is a copious evolution of hydrogen sulphide; 
on continuing the passage of the gas, the, crystals become yellow, and the liquid 
becomes nearly solid owing to the formation of a yellow crystalline mass. The 
crystals were drained from the mother-liquor, washed twice with distilled water, 
and dried in vacuo. The analysis of the yolhtw crystals corresponded with 
decahydrated calcium tetrahydroxythiocarbonate, 20a(()H).2.(!aCS3.10H20. This 
salt dissolves in water, forming a r<‘d .soln. which, on evaporation, yields red crystals 
resembling the heptuhydrale. There is a slight decomjmsition during the evapora- 
tion. Hence, V. 11 . Vedey inferred that in rcmioviiig carbon disulphide from coal 
gas, calcium sulphide or hydrosulphide is first converted into the hydroxyhydro- 
sulphide ; and this compound suspended in water is the active ahsorbwitr— hydrogen 
Bulphidi'. and a basic calcium thioearbonate being simultaneously formed : 
3 Ca(SH)(OH) -j-CS2 1 PfsG ‘-2H.2Sd-2(’a.(()H)2.Ca(lS3. Calcium thioearbonate ex- 
posed to air is slowly converted into th^ carbonate, a change which is^finmediately 
effected by heating to ; dn cone, soln., carbon disulphide is evolved, and 

calcium sulpk^v remains. The product is again effective as an absorbent for carbon 
disulphide., Basic calcium thioearbonate is decompQsed by hydrogen sulphide. 

J. J. Berzelius reported the formation of a brownish-red liquid by the action of 
carbon disulphide on strontium sulphide and water in a closed vessel at 30 *^. On 
evaporation in vacuo, a lemon-yellow mass of strontium thioearbonate* possibly 
SrCS3, is formed. E. W. Yeoman obtained the totrahydrate, SrCS3.4H20, by 
suspending 10 grms. of strontium hydroxide in 60 c.c. of 95 per cent, alcohol, and 
converting iiinto the hydrosulphide by means of hydrogen sulphide at 70 ° with the 
exclusion of air. The carbonate was removedjby hltration in hydrogen. A slight 
excess of oarbon disulphide was added to the soln., and the mixture was kept for half 
an hour at 40 °. Dark red needles wore obtained on adding ether to the soln., and when 
dried in vacuo, the crystals were yellow. The mass becomes reddish-brown when 
moistened with water ; and it is more soluble in water th^n the barium salt. 
F. Sestini obtained a non-crystalline mass of what he considered to be strontium 
hexahydroxythiocarhonate, resembling the corresponding calcium salt. 

G. Chancel and F. Parmentier showed that baryta- water and carbon disulphide 
have very little action on one another in the cold, but at higher temp., a yellow 
liquid is formed, and barium carbonate precipitated. In a sealed tube at 100 °, the 
reaction C82-f 2Ba(0H)2==BaC03-f Ba(SH)2-f H2O is quantitative. J.^J. Berzelius 
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)und that hydrated barium sulphidb rapidly unites with carbon disulphide, forming 
lemon-yellow, non-crystalline baritun thiocarbonate, possibly BaCSj, which dis- 
olves sparingly in water, farming a brownish-yellow soln., which, with more water, 
ecomes red. On evaporation of the aq. soln. in vacuo, yellow crystal® are 
btained ; and these, when mofetened with water, become red, but on drying the 
ell^ colour is restored. V. H. Veley added that felie salt is readily soluble in hot 
^ter and is, at the same tii^ie. decomposed. He didmot succeed in preparing the salt 
Q a fit state for analysi®, using water, alcohol— dil. and absolute— ether, a\id darbon 
lisulphide as 8ol^^l^. E. W. Yeoman made the barium salt by a process analogous 
0 that usCd for strontium thio^rbonate. irnlikc V, H. Veley, E. W. Yeoman 
ound th% barium salt even* more stable than the other thiocarbonates. The 
:hemical rejictions resemble those of the sodium salt. ^ 

V. H. Veley found that carbon disulphide was not absorbed by solid barium 
lydroxide, or anhydrous barium sulphide ; nor b^' a sol#i. of (#»e hydrosulphido, 
3r the ,pr^"stalline hydroxy hydfc^ulphide mixed with a large excess of •water — in 
which case, the hydroxyhydrosulphide is probably decomposed into the* hydroxide 
and hydrosulphide. Carbon disulphide is copiously absorbed by tl’# crystalline 
hydroxyhydrosulphide and a basic salt, possibly resembling the correiponding 
calcium salt, is obtained. D. Walker also made a *barium tetrahydroxythio- 
carbonate, 2Ba(0U)2X’aCS3.(;n20, analogous to the oafrium salt, and by a similar 
process. P. Thenard obtained the saitt>y shaking an a(|. soln. of barium sulphide 
with carbon disulphide, washing the product with alcoliol, and drying in vacuo. 
He said that I0() parts of water dissolve 1*5 parts of the salt. 0. Lo<*w claimed to 
have made hinum sesquUhkmrhonate, by warming sosquithiocarbonic acid, 

Ho( 2^3, with barium hydrosulphido, and passing carbon dioxide through the filtrate 
BO long as hydrogen 8ulj)hide is evolved. On evaporation, a non-crystalline mass 
is obtained which decomposes on exposure to air. 

According to J. J. Berzelius, wlien magnesium sulphate is added to a soln. of 
barium thiocarbonate, and the filtrate evaporated in vacuo, a little carbon disulphide 
escapes, and the non-crv.stallim' lemon-yellow residue is considerc<l to be magnesium 
thiocarbonate. E. W. Yeoman also made this .salt. Cold water in contact with this 
compound dissolves a part forming a yellow soln., and leaving undissolved a basic salt, 
whicii is 'lec(impos(‘d by boiling wutor leaving rnagnesium^carbunato uudissolved. 
K ftestini claimed to have made a non-crystalline t)asic .salt analogous to that which 
he obtained with calcium salts ; D. Walker likewise clalmedP to have ma^e a basic 
salt by a pnwess analogous to that which he«used for the calcium salt, ifccording to 
1. Taylor, when a strip of magnesium, in contact, with platinum as a catalyst, is 
immersed in a mixture of water and carbon disulphide, the liquid, ija^h o course of a 
couple of days, acquires a yellow colour owing to the 'formation of magnesium 
thiocarbonate ; SCSo-f 2Mg f H2O-* ‘iMgCSa-fCO-fH^. J. J. Berzelius’fiund that 
when soln. of a zinc salt and calcium thiocarbonate are mixed, a yellowish- white 
precipitate is formed which, on drying, becomes reddish-yellow and translucen1>~it 
was simposed to be zinc thiocarbonate. According to A. (Javazzi, zinc and carbon 
di.sulpTiide*v'ap. at a high temp, furnish zinc sulphide. D. Walker said that zinc 
hydroxide is not affected by agitation with carbon disulphide. J. G..O’Donoghue 
and Z. Kahan made zinc thiocarbonate, ZnCSa, as a pale yellow c*ry8talline p(vvder 
by the action of thiocarbonic acid alone, or in alcoholic or ethereal soltj..on a zinc 
salt with a weak acid, at the temp, of solid carbon dioxide. The l^liioctfrbonate is 
very unstable, and rapidly decomposers, forming zinc sulphide. K. A. Hofmann 
treated a zinc sjlt yith carbon disulphide, and a 10 per cent. soln. of ammonia, 
and obtained a salmfln-yellow crystalline powder of zinc diamminothiocarbonate, 
ZnrS3.2NH3. J, J. Berzelius obtained a lemon-yellow precipitate, supposed to have 
,b?en cadmium thiocarbonate, by a process similar to that employed for the zinc 
salt. ^f. G. O’Donoghue and Z. Kahan obtained the thiocarbonate, CdCSs, by a 
process like that they employed for the zinc salt. The deep yellow precipitate soon 
changed to a reddish-yellow colour, and then to reddish-brown cadmium sulphide. 
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K. A. Hofmann obtainfidcadmium diamminotlflocarbonate, C(iCS3.2NH3, in lustrous 
plates, by the samg process as that employed for the corresponding zinc salt \ 
it decomposed when dried, forming cadmium sulphide.^ J. J. Berzelius foui^d that 
merouric salts react with soln. of calcium thiocarbonate, yielding a black precipitate, 
which dissolv(!d iii an excess of the thiocarbonatd| and in drying gave off carben 
disulphides and left behind blatk mercuric sulphide. W. C. Zeise obtainedra yellow 
preci^)itate possibly mercuriu thiocarbonate — by mjxing soln. of ammoniuln 
thiocarbonate atid a mercuric .salt. The precipitate, changijs in the course of a few 
hou»‘s, with the separation of some, carbon disulphide. • 

According to J. J. Berzelius, an aq. soln. of egleium thiocarbonate ^ives a dark 
brown })r(icipitate with stannous salts— possibly stSnnous thiocarbon^e — and a 
brownish-yellow precipitate with stannic salts— possibly stannic thiocarbonate^ 
J. J. Berzelius also found that lead salts give a dark brown precipitate with calcium 
thiocarbonate, aifd W. t'. Zeisg, a red precipitate with ammonium, thiocarbonate. 
The precipitate was considered to be lead thiocarly)liate, PbC83. J. G. O’Donoghue 
and Z. Kaban made it by the process they^ein ployed for the zinc salt. It appeared 
as a red with the composition PbOS3, and wlien pure, the salt darkened only 
slowly in air -usually the salt turns blade in about half an hour. This change 
corres])onds with Plj(!S3”A^S2-f-I*bS, and occuirs rapidly in vacuo, and is quanti- 
tative when the salt is luxated in a ciirnmt of hydrogen. J. J. Berzelius found 
that the salt under water deconqanses id a few hours, but under alcohol, the 
decomposition is alow(‘r. The salt is instantly blackened by tlie action of a soln. of 
ammonium sulphide or of potassium hydroxide; at ordinary temp., sulphuric acid, 
nitric acid, or iodine has no appreciable effect on lead thiocarbonate. The salt 
was further examined by B. Delachamil and A Merinet. A Gautier and L. Hallo- 
peau also obtained crystals of undetermined composition by the action of the 
vapour of carbon disul])hido on white-hot load. J. J. Berzelius found that calcium 
thiocarbonate added to a soln, of a bismuth salt, gives a dark brown precipitate— 
])osaibly bismuth thiocarbonSitc -solubh* in an cxe.ess of the precipitant, forming 
a reddish-brown soln. ; he also obtained with chromic salts a greyish-green precipi- 
tate --possibly chromium thiocar.bonate -which when heated in a closed vessel gave 
carbon disulphide and brown chromium 8esquisulj)hide ; with manganous salU, a 
dark brown li(piid whicli turns yellow and then deposits a reddish-brjwn powder - 
possibly manganese thiocarbonate — -which is s[)aringly soluble in water, forming a 
yellow soln^., and deebinposes when heated, fonning carbon dioxide, sulphur, and 
manganese sulphide; with ferrous saKs, a d(‘e]) wine-red liquid is f#rmed which 
becomes darker and ultimately appears ink-black by n'tlected liglih-if the ferrous 
salt 1)0 in cl. .rs, a black powder is deposited -possibly ferrous thiocarbonate ; 
with ferric ^salts, a deep red precipitate is forim'd^wJiich retains its colour when dried* 
and IS ])0.^sibly ferric thiocarbonate, for, when heated, it gives off carbon disulphide 
and sulphur, and leaves a residue of iron aulpludo ; with cobalt salts, a deep olive- 
green soln. is formed which apj^ears black by reflected light, and in 24 hrs. deposits 
black flakes -cobalt thiocarbonate -leaving the mother-liquor dark brown ; and 
with nickel salts, a dark brownish-red soln. is obtained which, in 24 hfs. deposits 
black flakes-~nickel thiocarbonate— and becomes brownish-yellow. C. D. Braun 
and si. Mermet noted that aq. soln, of the alkali thiocarbonates give an intense red 
coloratioF, rvith^ammoniacal soln. of nickel salts. 0 . F. Wiede and K A Hofmann 
made nickel tnammmo-thiocarbonate, NiCSaaNHs, by g.!ntly warming a mixture 
of mckelous hydroxide, ammonia, and carbon disulphide. It ervstaUizes in trana- 
parent, ruby-red needles, is sparingly soluble in water, but easilyjn sodium hydroxide 
with an intense, yellowisli-red coloration, and, when heated, gives off carbon disul- 
phide. On exposure to the air, it gives off part of the ammonia and carbon disul- 
phide. They also made cobalt hexammino4hiocarbonate, CoaCgSe.eNHo by 
passing nitric oxide through a mixture of freshly prepared cobaltous hycLroxi^e, aq. 
ammonia, and carbon disulphide. The salt, which is mixed with an amorphous by- 
product, is purified by washing with alcohol. It crystallize# in bkek, lustrous 
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trhorabohedra, dissolves sparingly fn water, yielding a yellowish-green soln. and 
jdissolves in sodium hydroxide with e dark green coloration, at first without evolu- 
stion of ammonia. It is decomposed by strong acids with precipitation of sulphur, 
and, when heated, gives off carbon disulphide. By prolonged heating with sodium 
hydroxide, all the nitrogen is ^ven of! as ammonia. It can also bo prepared by 
wai^iing a mixture of cobalt hydroxide, amn^onia, and carbon disulphide. 
If. A. H»fmaim and co- workers made an analogous iron hexammino-thiocarbonate, 
Fe.,C2S;.6NH3.2H20. , . • * 

K. A. H4)fmann dbtained the complex and cobalt pentamminosulj^iito 

by allowing the above hexainmjpo-ihiocarbonate to remain some months in contact witli 
10 |X!r certt. aq. ajnmonia. The pentainmine crystallizes in thin plates which can l)e 
removed by vvushing the mixture with cone, ammonia. The cjjmplex Co3CjS7(NH3)t is 
made by Iwiling the ammonium cobaltous salt of cobaltisulpliurous acid with ammonia. 
With fuming hydrochloric acid, Co2C2S7(NH3)g forms CojC^i^ClO^Hj, ; with acetic 
acid, {CS3)3 Co 2S|NH3)2.C2H40 o. 41^0 ; and with acetic anhydriao, is formed. 

When the jiexaramino-thiocarbonata is treated with diazobenzono nitrate at 0‘^ilor 24 hrs., 
black prismatic crystals of Co2C2S8(NH3)3.H20 are foftned, and with nitrous oxide, cobalt 
tnamminotrinitrito is formed. This is tatLcn to prove that no ammonia^ combined 
between the cobalt and sulphur, for, if tins were the case, groups of the constitution 
C0NH3.S.NH3C0 or C0.NH3.S.C w'ould be formed, and the coi^pound C2S7 COo(NHJ)j should 
give tlio reactions of hydrogen sulphide or thiocarbonic acid. Brownish-red crystals of 
()o2('2!^7(NH3)5.21l2() are produced when cobaltic hydroxide^is treated at lO"" with 10 jier 
cent. aq. ammonia and carbon disulphide • if this mixture is allowed to stand 4-6 days, 
black |)risms of CoCS^H.IlNHy are formed. 

According to .1. J. Berzelius, an aq. soln. of calcium thiocarbonate gives a dark 
brown precipitate with a soln. of a jilatinic salt ; the precipitate is soluble in an excess 
[of tli(i thiocarbonate, forming a brownish-yellow soln.; when dried, the pccipitate 
|is nearly black, and is presumably platinic thiocarbonate. When heated it gives off 
ficarbon disulphide, and sulpliur, and leaves platinum sulphide behind. According 
|to K. A. Hofmann, iridium thiocarbonate and rhodium thiocarbonate are formed 
Hn a similar way. These three thiocarbonates readily combine with ammonia. 
Hydrated platinum diamminothiocarbonate, PtCS3(NH3)2.l2H20. is obtained from 
])otassium jilaiinons chloride, cone, ammonia, ami carbon disulphide. It crystal- 
lized in long, re'd needles, is insoluble in cold water, ammonia, or sodium hydroxide, 
ami gives u|)*its w'ater of crystallization when allowed t^ remain in vacuo over 
sulphuric acid. It gives no coloration with sodium iiitrqferro^yanide, nor a mercap- 
tan nor methyl sulphide! when boiled with methyl iodide. Under cettswu condi- 
tions, wliich*have not yet beeui determineTl, platinum tetramminothiocarbonate, 
Pt 2 Cl 2 (NH 3 ) 4 CS 3 , is formed, and crystallizes in slender, red neeelles ; and platinum 
amminothiocarbonate, C 2 S 5 PtNH 3 , is obtained from ammonium pMvnium chloride, 
ammonia, and carbon disulphide ; Jt crystallize's in lustrous, black cryfitals, and is 
easily soluble in dil. sodium hydroxide. • 
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§ 44 . Perthiocarbonates 

Pertliiocarbonates analogous to the percarbonates prepared by electrolysis 
have not been obtained', but salts corresponding with the percarbomtes produced 
by acting on the carbonates with hydrogen dioxide have been made. Thus, 
A. Gelis Mound that‘‘When carbon disulphide is treated with sodium disulphide, 
Na282, sodiiim perthiocarbonate, Na 2 C 84 , is obtained ; and a similar cempound was 
made by the direct action of sul^diur on the thiocarbonates. There is no analogous 
mode of prepwviition with the percarbonates, and this fact brings out the greater 
tendency ^f sulphur atoms to form chains than js evinced by oxygen atoms. 
E. W. Ytoman prepared sodium perthiocarbonate in the following manner : 

Sodium (2*3 grmB.) was dissolved in 40 o.c. of absolute alcohol and mixed with a soln. 
of 2’3 grins, of sulphur in 40 c.c. of alcohol so as to form an alcoholic aohi. of sodium sulphide, 
which was converted into the disulphide by the addition of 3 ’2 grms. of sulph^. A slight 
excess of carbon disulphide was added, the colour of the sohi. changing from yellow to red. 
On addition of etjier to this perthiocarbonate soln. a reddish-yellow oil was precipitated, 
which slowly soliuihed to a microcrystallino mass ^f brownish -yellow needles. On keeping, 
Hie nltratedeposited a further amount in nodular aggregates of prismatic, doubly refracting 
needles. ^Tho c^tystedline mass was collected, washed with ether in an atm. of hydrogen, 
and finally dried at 60° in a stream of the same gas. 

• 

Alternatively, the sodium disulphide required may be prfpa^ed by the direct 
addition of sulphur to the sodium hydrosulphide without addition of a second mol. 
of sodium ethoxide, the disulphide being then formed with the evolution of hydrogen 
sulphide. The salt is very deliquescent, and readily dissolves in water, forming a 
yellow soln. ; it also dissolves in alcohol, from which it is precipitated by qther or 
bensene. The salt is stable in dry air free from carbon dioinde, but it is quickly 
decomjKwed in moist air owing to the loss of carbon disulphide and the oxidation of 
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gptesidue maialy to thiosulphate : Na2CS4=Na2S2+CS2 f and Na2S2^5flj0-f 30 
Ba2S203.5H20. When heated, the perthiocarbonate behaves like the thiocar- 
Ktat« excepting that sodium disulphide takes the place of the monosulphide. The 
|, soln. can be kept unchangedjor a long time in the absence of air ; but if air has 
fcc^, carbon disulphide and sodium thiosulphate are formed. When the air-free 
loin, is 'heated in a sealed tube, sodium thiosul|.4iate is formed ; some sulphur 
Kparatel when the tube i^cooled, and much hydrogen sulphide escapes on opening 
|he tube. The reactions, in the main, resemble those with sodium thiocarbonate. If 
an aq. solm of thfc salt be distilled in the absence of air, it loses its carbon disulphide ; 
if a current of air be passed th^pu^ the boiling soln. some carbonate is formed— there 
was neve>a 50 per cent, conversion to the carbonate. The salt is quickly decom- 
posed by carTion dioxide, forming carbon disulphide, a carbonate, sulphur, and 
hydrogen 8ul[)hide. With sulphur dioxide, thiosulphate, sulj|hiir, and carbon 
[lisulphidc arc formed : 2Na2CS^ 4-3802- -2Na2S203 *1-38-}- 2CS2. A soln. .of the salt 
does not (lissolve sulphur. The ^additional sulphur atom in the perthiocarbonaU^s is 
readily removable by reagents which have a direct action on sulpl^r, such as 
hydrocyanic acid or sodium cyanide. When excess of the latter reagent is ^dded to 
bhe pure yellow soln. of the perthiocarbonate the colou| soon changes from yellow 
to the characteristic red of the thiocarbonates, the additional atom of sulphur being 
removed and converted by the cyanide ipto thiocyanate. E. W. Yeoman prepared 
potassium perthiocarbonate, K2CS4.iH20, by the method employed for the sodium 
salt. Attempts to remove the water resulted in the decomposition of the salt. The 
reactions resemble those with sodium perthiocarbonate. H. von Halban and 
co-workers examined the spectra of soln. of perthiocarbonic acid, H2CS4, in 
chloroform, toluene, and light petroleum, and of the sodium salt in aqueous soln. 
.They also measured the rate of decompasition of the acid in several organic 
J80I vents. 

I K. W. Yeoman prcjpared ammonium perthiocarbonate, (NH4)2CS4.H20, by 
Converting a 20 j)er cent, alcoholic soln. of ammonia into the hydrosulphide and 
.adding the exact amount of sulphur to convert it into the disulphide, (NH4)2S2, all 
the operations b<*ing made in the absence of air. ^)n addition of carbon disulphide, 
the •perthiocarbonate was immediately precipitated as a yellow, crystalline solid. 
The crystals wl're collected, washed with dry ethef with the usual precautions, and 
the ether was removed as completely as possible in a (iurre#t of hydrogen at the 
ordinary temp. The anhydrous salt was obtained in monoclinic or tricliiSf crystals 
by allowing %n alcoholic soln. of the raonolydrate to evaporate spontaneously at 
ordinary temp. The salt decomposes completely iv^hen heated to 100° in a current 
of hydrogen and leaves a residue of sulphur. The general behaviour ol the perthio- 
carbonate resembles that of the thiocarbonate. At the ordinary temp.* ^q, soln. 
are only very slowly converted into the thiocyanate, excess of ammonia hastening 
the reaction. As with the trithiocarbonatc, the conversion to thiocyanate is 
complete if the salt is heated in a sealed tube with alcoholic ammonia at 100°. 
The sqIii. of both ammonium trithiocarbonate and perthiocarbonate are very 
unstable, partly because of the well-known change which ammonium trithio- 
carbonate undergoes, whereby it loses hydrogen sulphide in twef stages, paqging 
successively into ammonium dithioffarbonate and ammonium thiocyan|ite, and 
partly on account of the ready manner in which it undergoes compete dissociation 
into ammonia, hydrogen sulphide, and carbon disulphide. 

E. W. Yeoman prepared a basic salt, caldam ietnChydroxyperthiocarbonate, 
CaCS4.2Ca(OH)2.SH30^ by converting calcium oxide into an aq. soln. of the poly- 
sulphide, and passing a current of hydrogen sulphide sat. with carbon disulphide 
van. On evaporating the soln. in vacuo, dark red needles of the basic salt were 
iormed. With alcoholic soln., an impure perthiocarbonate was formed. E. W. Yeb- 
man succeeded in preparing soln. of stronthim, barium, and maanaaom perthio- 
carbonates by allowing aq. soln. of the thiocarbonates to dissolve in sulphur. 
Attempts to make thb solids were not successful. ^ 
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• § 45. The Thiocarbamic Acids and the Thiocarfaraates 

The analogy bc^wocni carbonic acid and thiticafbonic acid, and between the 
carbonates and the thiocarbonatcH, extends also to carbamic acid (^. 20, 34) and 
the thiocarbamic acids* : 


m," 

('arlmiiilc arid 


• «<>>(:, S 

I’lilonirlmnii*' Ri’l'l 


NH, 

Ammonium ditliiocarbamate 


In harmony with the observations on the tlrtocarbonic acids, there are three possible 
thiocarbamic aoiils, namely ; 
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NH, 


>(,’S 


Tlilonoiirhamir iioUl; or 
^•tliiocHrbiimlc iwld 


Tldolnirbamlc fu'bl ; or 
M-tlilociirbiimic acid 


m 

NH, 


>cs 


Tblolthloncarbamlc acid ; or 
dlthlucarbiimlc acid 


F. Salomon i made methyl thioncarbamate, NH2CS,OCH3 ; and H. Debus, 

G. (^'hanc<‘l, and F. Salomon made ethyl thioncarbamate. These esters are deriva- 
tives of thioncarbamic acid. E. Blankenhorn made methyl thiolcarbamate ; and 
A. Pinner, F. Salomon, anil A. Fleischer, ethyl thiolcarbamate, which are deriva- 
tives of thiolcarbamic acid. M. Berthelot made ammonium thiolcarbamate, 
NH^.CO.SNH^, by ])assing gasi'ous carbonyl sulphide into alcoholic ammonia; 
K. Schmidt and A. Kretzschmar, by passing the same gas into aq. ammonia at (P. 
The. salt tonus colourless crystals, very soluble in water, moderately soluble in 
alcohol, and insoluble in ether. The dry salt becomes yellow on exposure tiV air, 
forming ammonium tlfmcyanate* According to E. Mulder, water KXf converts 
ammonium thiocarb|^iuatg into ammonium hydrosulpbide and bydrocarbonate. 
The dr)'»«sialt forms tbioureu when heated in a sealed tube at 135^, or when its cold 
aq. soln. is treated with lead hydroxidl*. Ferric chloride forms a recHiquid which 
ultimately yields a precipitate.* A. Fleisclier found that mercuric oxide, in the 
cold, (“imveftS^ ammonium thiolcarbamate into ammonium cyanate. When the 
ammonium salt is treated with acids, thiolcarl^^uniaacid, NH2.CO.SH, is liberated, 
but it iiflmcdiately decomposes into carbonyl sulphide and ammonia. 

W. C. Zeise ^ prepared ammonium thiocaibamate, or ammonium dithiocarhamate, 
NH4S.CS.NH2, by the action of carbon disulphide on alcoholic ammonia — vide 
supra, ammonium thiocarbonate. H. Debus said that the best yield is oJ)tained 
by working at lO^-lh"' with not too cone. soln. E. Mulder passed the gas from 
150 grms. \)f ammonium chloride and 3(X) grins, of quicklime into 600 parts of 
95 ^er cent, alcohol and 96 grms. of carbon^disulphide, and crystallized at about 
30° ; in*jihi8 vyiy no crystals of ammonium thiocarbonate were formed. It is also 
formed when ammonium thiocarbonate is heated. M. Freund and G. Bachrach 
obtained a 55 per cent. yUld by mixing 50 grms. of 10 per cent, alcoholic ammonia 
dil. with 5 grms. of 96 per cent, alcohol, and 12 grms. of ijarbon disulphide. 
G. Inghilleri prepared ammonium dithiocarhamate by healing 6 grms. of carbon 
disulphide and 8 grins, of ammonium carbonate in a sealed tube for 6 hrs. at 100°-- 
110° : €82+ (NH4)2C03=H20-fC02-|-NH2.CS.SNH4. Ammonium thiocarbaitfate 
furnishes citron-yellow, prismatic crystals. If derived from 95 per cent, calcohol, 
said E. Mulder, the crystals are but feebly coloured, and with 85 per cent, alcohol, 
colourless needles are obtained. W. C. Zeise said that when bMj prepared the 
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crystals have no smell, but after standing in air for some time, they%mell of 
ammonia and hydrogen sulphide*; sulphur, water, and ammonium thiocyanate 
are formed. In moist air, said H. Debus, the crystals give a turbid liquid which 
consists almost wholly of ammonium thiocyanate. If air is excluded, W. O Zeise 
To\^nd that the undried crystals pass in some weeks into hydrogen sulphide and 
aramoflium thiocyanate. When heated, the crystals melt with some bubbling ; 
at 150'’* much ammonia, •probably mixed with cyanogen and nitrogen^ is eyolved, 
and carbon disulphicio, ammonium tlfiocarbonate, and thiocyanate are formed ; 
and at 200°, th^ mass leaves a brown residue. The crystals are readily soluble in 
water, forming a yellow soln^ .1. H. Gladstone found a soln. of the salt in 18‘71 eq. 
of watet'has a sp. gr. 1091 at 10 °, and the refractive indicts M171 with the A- 
> lino, and 1-1254 wdth the D-line. W. C. Zeise, and M. Ereund and G. Bachrach 
found that chlorine, or ferric chloride, converts ammonium thiocarbamate into 
thiocarhamide disulphide, (NH^CS) 2 S 2 . P. Klason^obser^d thax the same product 
is obtained by the action of a hydrochloric a^id soln. of iodine. Atcording to 
W. C. Zeise, when hydrochloric acid or. 8 ulphuric acid, dil. wdth 8 parts of water, is 
mixed with the salt dissolved in 1 2 .parts of water, the mixture b<f omes turbid 
in a few minutes ; the more dil. the soln., the longer is the ai)peara]R;o of the 
turbidity delayed. If the soln. be allowed to stand in a closed vessel for 12 hrs., 
carbon disulphide, and an ammonium salt, and probably hydrogen cyanide, are 
formed. If the aq. soln. be heated, or if the alcoholic soln. be allowed to stand 
or warmed, carbon disulphide, hydrogen 8 ulphi<le, and ammonium thiocyanate 
are formed. For the action of hydrochloric acid, vide infra. A. W. Hofmann 
found that with an alcoholic soln. of iodine, ammonium thiocarbonate furnishes 
ethyl (hiocyanate, and ethylamine, C 2 H 5 NH 2 . W. G. Zei.se said that ammonium 
dithiocarbaniatc dissolves very sparingly in cold alcohol, but is more soluble in warm 
alcohol. E. Muld(‘r said that the salt is insoluble in alcohol. A. Fleischer found 
that sulphur separates from the alcoholic soln., and W. C. Zeise observed that 
ammonium dithiocarbonate, thiocyanate, and thiosulphate are formed when the 
alcoholic soln. is warmed. The salt is insoluble in petroleum. H. Debus said 
that when ammonium dithiocarbamate is warmed with potassium hydroxide, 
potassium thiocyanate and hydrosulphide, ammonia, and water are formed. 
A. Fleischer %aid that the salt is desulphurized mercuric oxide. 

According to H. Debus, a soln. of ammonium ^thiogarbamate with cerium 
sulphate furnishes colourless needles which contain no cerium ; urajjiwm nitrate 
soln. is coloured blood-red ; with soln. of arsenious acid, antimony pentachloride, 
stannous chloride, or bismuth nitrate, white or yellow jirecipitates are obtained ; 
mercuric chloride soln. gives a white precipitate probfibly meif^rfrous chloride — 
nickel sulfihatc soln. gives % yellowish-green precipitate ; and jdatinjc chloride a 
brown precipitate. J. Klein discussed the possible apjdications of fhe salt in 
analytical chemistry. Cupric thiocarbamate, Cu(S.CS.NH 2 l 2 , ia precipitated as a 
yellow powder insoluble in water ; zinc thiocarbamate, Zn(S.CS.NH 2 ) 2 , as a white 
mass,; and lead thiocarbamate, Pb(S.CS.NH 2 ) 2 , as a white mass which blackens 
when boiled with water. A number of complex thiocarbamates were made by 
II. Gold.schmidt and L. Schulhof, S. M. Losanitsch, A. W. Hofmapn, and G. Ponzio. 
M. Delepine made complexes with* 8 odium, copper, silver, barium, zinc, mittcury, 
lead, cobalt, and nickel thiocarbamates ; and L. Compin, with co^ipert eobalt, and 
nickel thiocarbamates. * 

If hydrochloric acid be slowly added to a cone. soln. of ammonium thiocarbamate, 
cooled below 1Q°, tie free acid— dithiocarbamic acid, HS.es. NH 2 — separates out in 
colourless needles wfiich arc very soluble in water, alcohol, and ether. The alcoholic 
soln. of the acid decomposes into carbon disulphide and the ammonium salt ; and 
p fhe aq. soln. when warmed decomposes into hydrogen sulphide, and thiocyfinio 
acid.. E. Mulder found that when heated the acid forms the ammonium salt, 

HS.CS.NHj-CSo-f NHa ; and NHg-f HS.C 8 .NH 2 =NH 4 S.CS.NH 2 . 

Accordihg to B. L. Smith and F. Wilcoxon 3 azido-dithiocarbonic acsid, 
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HS.CS.Ng, h^is been prf^iared by the treatment of cone. soln. of the sodium salt 
with cone, hydrochloric acid. It is a white or’very pale yellow, crystalline solid ; 
it crystallizes in the monoclinic system, has a strong double refraction, and is 
readily soluble in non-aqueous solvents. It has th| characteristic properties of a 
strong acid, and its strength approaches that of hydrochloric acid. It is easily 
oxidized by various oxidizing agents, yielding the free halogenoid, azido-dithio* 
carboijate /S.C 8 .N 3 ) 2 . In the solid form, the acid is veiy sensitive to both shock 
and to heat. It undergoes spontaneous dbcomposition at the ordinary temp., in 
keefvng with the laws of unimolecular change. In the dry state" this reaction is 
catalysed by an intermediate product or by th.i t^iocyanic acid formed, but 
not in aqueous soln: The decomposition may be represented by the'equation 
HS.OH.Njj—HBf’N-f iN 2 . The solid product formed consists of polymerized' 
thiocyanic acid an^l free 8 ul))hur. 

“ c 
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Ihe chapter on carbon does not iticlude those hydrocarbons and their derivatives 
commonly but arbitrarily admitted into inorganic chemistry ; the cyanides and 
complex ^znides; nor does it, incline the combustion of the hydrocarbons. 
These subjects may later be discus.sed in a supplementary volume. 



CHAPTER XL 

SILICON 

• • 

§ 1. The History o! Silicon 

[t was the general opinion of the early Greek philosophers that minerals and 
iarths were alt formed from water. Thus, about ^5 B.rf, The^hrastus oj)oned 
his essay— Ilcpt XiOtav — On Stones: ^ * 

Everything formed in the earth has its origin either from water or from ety;th. Water 
is the base of all the metals. * 

• 

Theophra.stus’ term KpiVraWo?, translated crystalhis ift Pliny’s Hisloriw natumlis 
(37. 9, A. I). 77), is derived from the Greek word for idft ; and it was specifically 
applied to the mineral now known as roSk crystal or qmrtz because 

Crystal assumes a concrete form from excessive congelation. At all events, crystal 
is to he found only m places where the winter snow freezes with the greatest intensity ; 
and it is from the certainty that it is a kind of ice, that it has received the name which it 
bears in Creek. 

In his Bibliotheca historica, Diodorus Siculus made the counter-guess that 
ilthough rock crystal is formed from the purest water, it is not cold. Rather 
has the dimnvs calm or solar heat made water so hard and dry that it has become 
crystal. Pliny’s guess, however, was most generally accept eA^ G. Agricola, for 
instance, said that “ rock crystal is not ice, but a den.ser product of cold.” The 
idea was combated by A. B. de Boodt,2 J. J# Becher, and R. Boyle in the 
seventeenth century. Thus, the last-named said : 

• ^ • 

I found the weight of crystal to be to that of water of equal bulk oa two and two-thirds 
to one ; which by the way ahows us how groundlessly many^learnrd men, as well ancient 
as modern, make crystal to be but ice extraordinarily hardened by long ancUfehement 
cold, wheroaS*ice is, bulk for bulk, lighter thaif water (and therefore swims upon if) and 
(to add that objection against the vulgar error) Madagascar and other countries in the 
Torrid zone abound with crystal. ^ 

The history of the discovery of (ijlasB is described later. The ancients knew very 
well that a clear glass can be made by fusing sand or rock crystal with^salts of 
potassium or sodium. J. B. van Helmont ^ noticed that such a glass can be slowly 
dissolved in water, and that the addition of aqua fortis to saturate the alkali, 
precipitateg the original quantity of siliceous earth. J. R. Glauber called the 
aq. soln. of the fused alkali and sand— o/cum silicum, or liquor silicum ; and 
J. N. von Fuchs, Wasserglas {q.v.). • • 

The high temp, fusibility and fhe resistance of silica to chemical reagents 
has greatly retarded the development of the chemistry of silica. Q. W* JScheele’s 
discovery of hydrofluoric acid, in 1771, proved a veritable touchstone to the 
chemistry of silica, but even then, progress was and'is very slow. Silica has 
been identified with ^he terra vitreMihUis of J. J. Becher^ (1. 1, 15). In 1666, 
0. Tacheuus pointed out that, unlike earths, silica has acidic properties, for it unites 
tyth alkalies, and shows no tendency to neutralize the acids. The feebly acidic 
•tlualities of silica were emphasized further by J. Smithson, and J. W. Dobereiner. 
J. J. Berzelius (1811), indeed, showed that silica unites with the bases in definite 
proportions, forming salts of silicic acid ; and that siliceous minerals are to be 
regarded as 3efinite?alts of this acid. T. Bergman separated sibca from siliceous 
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earths by fusing them with alkali carbonate or hydroxide, and treating the product 
with dil. acid- insoluble silica, and soluble alkali salts were formed. 

Towards the end of the eighteenth and the beginninj^ of the nineteenth centuries, 
G. L. L. de Buffon,*" P. J. Macquer, and many tther chemists regarded silica as 
a primitive earth, for it was argued : la silice est la plm homoghe, la plup sinple, 
et la plus elementaire des terns} This view was favoured by the infiisibility of silica, 
and'the ri'sistance which it ofTiirs to attacl^ by reagents generally. Some aluminous 
earths, however, w(.‘re confused with silica. J. H. Pott,<^ in his memoir : Veher den 
terris viimeenlihm (1746), emphasized his belief that the chit^f constituent of the 
vitnfiable rocks wa^ a p<*culiar earth which cou^ iftt be converted into lime, but 
which, when fused with alkalies, forms a terra alcalina which is precipitated by 
small amount of acidj and can be dissolved in an excess of vitriolic acid producing 
what he called Ufro sele^iitica. The work of J. H. Pott was extended by A. Baume, 
and J. C. Meyer. A. Bailme showed that only freshly precipitated silica is 
soluble in the acid : i * 

11 faut jveiulro (andis qu’olle cut on liouillo, ot. avant qu’ello ait 6t(^ sc'icheo ; car lorsqu’on 
a fait ^chor, Ioh partiow so sont riSunios ot agulntmcos outre olios par I’at traction ; cetto 
torre alors no phiB so dissoui/ro. 

F. A. Carthfiiisw, ('. V. Schocl.', ami T. Rcrgniaii demonstrated elearly that 
a though procipitiital siliea could he dissMeed in water and acids, it was not an 

?!,S"rn o At tlu^ end of his essay: Ik term silicea (Upsala, 

1779), I . Bergman concluded that : 


Tho* enrths nro cidlod primitivo whirl, eaiinot Iw lesolvcd into such as arc more siinnle 

Umatol7,minHl “ T * t''"'’' T '■''"'1'“"' "w® I’r'mitivo earths in'.’ 

,,n n hv. n ' ■■■ ■ ' "’'iceous earth may bo considered to bo primitive 

o" is oaXomirZ"'’ ' ‘I'"! 'I '» demonsPatod that the base 

Si i™,^^ '' “hod whether 

nevil VO Z , ''ei- ennpio and homogenemis, the proper answer would bo in the 

ZTfr . ^ namely, floor acid an,l something 


’’''’'7'',’’ !??'' is imniitive, but his confidence 

was shaken because he a, hie, I, “ hut uot altogether primitive.” This tlouhtwara 
rwilt of as repedtion of .some e.\>,riments by C. W. Sehwde,’ who, in‘l771 regardetl 

had sh,)SM in 17W, the gas oldainc,f_ whi-n llnorspar is heat,',! in a glass retort 
with sulphuric acid, gives a preciiutate of silica when passed into wafe^r ‘it Ls 
however provoil by J. (, i, Meyer that no silica is obtained if the stihihuric acid’ 
be heated wlff, (hiorsptw in a lead retort ; and C. W. Selieele an T I ' 
then demonstrated I hat no silica i.s obtained if the ufaterials uscll'in the i, reparation 
of the 6«^h..pt out. ,.f outaet with any .suhstaneo containing silica ' 

About IW« f ^'"7;'',''.’" "" “ide of an unknown metal. 

ADout IH08, J. J. Berzelius mentioned in a letter to H. Daw that in makiiw nn 

Kfi^l r ^ i r ® ““ •'"i'ca. iron, and charcoal. This product 

H. DavJh,rj;ted"t<, Lite the miftythe ZrS {r^X r^" T’ 

tte vapour oilegazfimiquemlice.Md noted that the reaction wm ate™ ed hTth" 
dovelopmeut of much heat and light; a large quantity 

remaS ' W"-’ Produced ; the potassiL disappeared and S 

Ih^r In I’m J "Ho'i ^^s.'rot exandned 
rth r. In 1823, J. J. Berzelnvi produced the element by reducing potassium 
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kosilicate, K 28 iF 0 , with potassium, and he also determined its chief pfoperties— 
nde infra at. wt. silicon. J. J. Berzelius called his product Kiesd, but this term 
bas not been adopted. 
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• § 2. The Occurrence e! Silicon and Silica ^ 

Silifdii doc.s not occur free. Silicon is next to oxygen the most abundant 
element in Nature. !t occurs iti all silicate minerals, and it is th^lffharacteristic 
element of all imi)ortant rockf outride the carbonat(!S. F. W. Clarke's estimate 
of the mean percentage mineralogical composition of about 7(X) igneous Irocks is 
cpiartz, 12 0; felspars, 59 5; hornblende and pyroxene, 16'8 ; mica, 3‘8 ; and 
accessory minerals, 7-9. According to F. W. Clarke’s estimates, ^ 27 per cant, of 
the cafth’sjithosplicre is combined silicon, and 47-33 j)er cent, is oxygen. Again, 
85 79 per cent, of the earth’s hydrosphere is oxygen ; and the avera^ in the 
lithosphere, hydrosphere, and atmosphere is 50*02 per cent, oxygen^ • 2 r) S(/per cent, 
silicon. F. W. Clarke further estimWs that on the average, 59-79 j)er cent? of 
the igneous rocks ; 58*10 per cent, of the shales ; 78-33 per cent, of tie sati/lstoncs ; 
and 5*19 per cent, of the limestones in the earth’s crust consist of silica—froe or com 
bined. The weighted average for the lithosphere is 59’77 per cent, of silica. 

Silicon occurfifas tnee silica, silicon dioxide, in the form of quartz, and, as such, 
IS one of the most common and most abundant minerals on the earth’s crust ; it 
hj^ms whole mountain ranges in Scotland, Ireland, North Wales, Shropshire, and 
numerous other parts of the earth. Some of the water- worn quartz grains in the river- 
beds of Minas Geraes (Brazil) are transparent and colourless, and they are used 
extensively Brazilian pebbles in the manufacture of spectacle and other lenses. 
Similar pebbles are found in Madagascar. Thejjlear and transparent varieties of 
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quartz wete called cr^tnl by the ancient Greeks ; and to-day they are known as 
rock cryst&l — cristul de rocke, or BergkrystaU ; while the variety which is white, 
and translucent or opaque is common quartz. Some bf the glittering rock crjrstals 
are*called “ diamonds ” in particular districts — e.g^, Bristol diavwndsy Ma/rmaroscker 
Diamanten, etc. During the cinquecents period— sixteenth century— transparent 
and colourless quartz was made into vases, bowls, etc., and elaborately engraved, 
and* this* mineral was similarly treated by the ancient ureeks and Roma-ns. Rock 
crystal was probably the sixth precious stone— under the name adgrms (diamond) — 
d(^cribed in Exodus (28. 18; 39. 11) as ornamenting the breUst-plate«of the high 
priest of the children of Israel. * ^ 

Nature furnishes some beautiful specimens of crystalline quartz. A single 
crystal weighing neafly a ton has been reported at Calaveras (IJ.S.A.), and some 
fine crystals hav^)cen found in many other places— Dauphine, Savoy, St. Etienne-la- 
VareniH' the Apiian Ai])S, th6 Alps, Snowdon in Wales, Tintagel in Cornwall, etc. 
Quartz from different local itiesoften shows differences in colour, translucency, and 
structure • there are a great number Of varieties to which special names were 
applied belfore it was known that they belonged to the same mineral species, and 
composed of the same ^indamental substance —silica. Some of these varieties 
still retain their old triviainames, and some arc important gem-stones. 

For example, the amethyst, amethystinr,* 0 T (itaethyd quartz has a bluish-violet or 
jmrplo colour. It obtains its name from a, not ; and fifdvw, to intoxicate, because it was 
fabled to ]K)hsosh some quality whi<di prevented intoxication by wine drunk from amethyst 
vessels. A sample from Minas (lerao.s (Brazil) analyzed by H. Rose* yielded 97‘5 per 
cent, of silica ; 0 25 per cent, of alumina ; 0‘6 per cent, of iron oxide ; and 0’25 per cent, 
of mangano.so oxide. It has beiai suggested that the colour is duo to the last-named 
oxide, but tliis has not been definitely deluded. C. F. Rammelsberg's analysis of a Brazilian 
samfile showed no manganese, and he assumed that the colour is due to a com- 
pound of iron and soda. The colour is not destroyed by heating the mineral to about 
300’, but if heated to redness, the colour becomes yellow when cooled. W. Hermann 
found that smoky quartz, amethyst, and citrine lose their colour when heated in oxidizing 
or reducing gases, and therefore the tinctorial agent is not an oxide of the heavy metals. 
T. li. Watson and H. K. Beard, T. H. Holland, regarded the colour asdue to fine rutile inclusions ; 
and lil. F. Holden, to hydrated colkudal ferric oxide. Rose quartz has been stated to owe its 
rose-rod colour to manganese ; but this is not certain. The csolour becomes paler when exposed 
to light. J. N. Fuchs* j^ttnbuted the colour to the presence of I'Oto IT) ppr cent, of titanic 
oxide ; W. Hermann, and K. F. Holden, to tervalont manganese ; and R. Brauns, P. Berthier, 
K. von Kraatz-Koschl|,u, ayd 'P. L. Watson and R. E. Beard, to organic matter. A. Nabl 
found ti;^a>s of iron and sulphur m amethysts, and showed that citrine had the absorption 
spectrum of iron oxide; accordingly, ho assumed that the colour was pr« duoed by iron 
tliio(!yanatc, but this is not likoly. E. W'einschonck opposed the views that the colouring 
matter is organic, or titania alone, though he said it might bo due to small amounts of 
sesquioxides fPR Itanium,, tin, or zirconium. Ho obtained a rod ^lour with alumina and 
titanium. ^ It is not improbable that the colour ^of tl;e amethyst and rose quartz is 
really d^o to manganese. E. F. Holden found a pink crystal to be colourod by hsematite 
inclusieiiH ' of microscopic dimensions. '^Plie decolorization of rose quartz by heat was 
studied by W. Hermann, K. Simon, and E. F. Holden. YelloW quartZ, or citrine, is the 
colour topiu, and has hence been called false topaz. E. F. Holden found a sample of 
citrine coloured by submicroscoiiic particles of hydrated ferric oxide. Smoky, quartz, 

or quurfs or Rmic/iquarz, owes vis yellow, brown, or block colour to‘tbe presence 

of organic mS^tjer or hydrocarbons. Sometimes the quartz is so rich in organic matter 
that it hits* a smell when warmed — stink quartz or fedid quartz. K. von Kraatz- 

Koichlau a^id L. ll^hlor found 0'04 jier cent, of ftarbon, and 0*0073 per cent, of hydrogen 
in a saniple pf amokXquftrfz. H. J. Strutt found smoky quartz to be optically turbid, 
scattering ligHtfvery stiWgly ; but C. V. Raman showed that with ultra-red rays, smoky 
quartz is as ti^nsporent as colourless quartz. A. Forster made some observations on this 
subject. B. L.XVanzetti fobnd some specimens exhibit TynilalPs phenomenon, and the 
coloration disapp^rs at 300“. The lighter colourod vai-ieties of siqidky quartz were possibly 
those called nwrmfii'ion by Pliny. Cut specimens of yellow and brown smoky quartz from 
Banffshire are knoWn as cairngorm. Milky quartz, or quartz laileax, or quartz en chemise, 
or Milchguarz, owes its opalescence to the presence of innumerable cavities containK"'?, 
acconling to D. Brewster,* an oily liquid ; sometimes the cavities contain a bituminous 
fluid and at other times water and air-bubbles. * 

The colour of common quartz is very varieti, and is usuiUly due to the presence of 
foreign particles enclosed in the crystals. For instance, ferruginoKs quarkf or Eisenkiesel 
is coloured either red by ferric oxi^e, or yellow by hydrat^ ferric oxide; aventurine 
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\artz contains scales of mica or hematite which give it a spangled appearaitoe. Cat*» 
<f, oeuil de chat, or Katzenauge is a traaslucent vtu-iety of quartz ^th numerous fine 
>re8 of asbestos or actinolite arranged parallel to one another, which cause a curious 
latoyan^ reflection from the surface with a play of colotu^ moving across the surf^ 
I the stone is turned. Cat’s-eye quartz is sometimes called croddoliU — KpoKts, woof— 
it*tl^ name is usually reserved for a variety of chrysoberyl. 

^'here itre two native f^ms of crystalline silica, tridymite and omtobalite, 
hich are quite different |rom quartz and from each other, so that silica is ht le&st 
•imorphous. Tricjymite is found in the more siliceous igneous rocks which have 
rystaUized from mdlten magmas^ in volcanic lavas, and in some meteorites, 
ristobalite is comparatively rrflre , it sometimes accompanies ^idymite. Cristo- 
flite has nceu found in Cerro San Cristobal (Pachuca, Mexico), St. Vincent 
Martinique lava, 1902-3), Mont-Dore (Plafeau Central, France), Olokele Canyon 
Kauai, Hawaiian Islands), Rhenish Prussia, Tuscan Spriiigs (Tehama County, 
Jal.), and Jamestown (Toulumne County), in the obsnlian of Yellowstone National 
^ark by A. F. Rogers ; ^ and in a meteorite found fn Kendall County (Texas) by 
V. F. Rogers. Tridymite has been founcf in the trachyte of the Eugangan Hills, 
lear Padua ; ® in the trachyte of Drachehfels ; in rocks in Scotland, Laach(^ Sea, 
Phlegraean Fields, Moezar (Hungary), Auvergne, Demarenil (Persia), Aden, Guate- 
nala, New Zealand, etc. * 

The different forms of quartz can be arranged in three groups : (1) The crystalline 
jroup described above ; (2) the chalcedonies which were once thought to be 
imorphous, but which are really j)artially crystalline — cryptocrystalline — KpvrrT(k, 
bidden ; and (3) the hydrated silicas or opals. The name chalcedony is applied 
0 various forms of concretionary silica which appear to be made up of quartz, 
,nd hydrated silica of the nature of opal. Chalcedony is translucent or opaque ; 
md either whit^, grey, yellow, brown, or blue. Although crystalline, chalcedony 

E not the external form characteristic of crystals, but rather occurs in mammillary, 
ryoidal, globular, or stalactitie masses. 

The amount of water in different varieties of chalcedony varies from less than 
1 up to about five per cent., and this in conjunction with the general relations 
ichicb chalcedony bears to quartz and to opal, confirms C. Hintze’s view ^ that chalce- 
iouy is a mixture of crypto-crystalline quartz and a hydrated form of silica related 
;o opal. Assuming that the sp. gr. of opal is 2‘15*and of quartz 2'65, the corre- 
jponding proportions of the.se two assumed component* of •chalcedony can be 
calculated fropi the observed sp. gr. Chalcedony can be dyed black, rt?tf, blue, 
^reen, and yellow.^ (.'halcedoiiy appears to have been named after Xahiai^v or 
Ka\xr)?>i!)v, places in Asia Minor, whence it was once obtained. All tlyi varieties of 
chalcedony referred to by Pliny and Theophrastus have not* been clearly identified 
with those recognized to-day. The 3b-called qmrlzine and lutecile are vafi^ies of 
chalcedony.® 

The mineral camelian is a variety of chalcedony which i« tranalncent and of a red 
colour, hence the name caro,~carnis, flesh; sard from Sardes m Lydia, or Sardo the 
(Jreek nalne for Sardinia^— is an early name for camelian, but is now applied to a pale or 
dark brown translucent chalcedony ; plastna — trAaapa, imago - is a variety of chalcedony 
coloured green by enclosures of green earth or chlorite, and it resembles grOfeu jasper. 
Heliotrope or bloodstone, is a form of plas^na, and is a mixture of earthy chlorite aad 
[Chalcedony. It is usually green in colour with small spots of iron oxide, blojK^-red in 
colour. The derivation of the name — from IJAtoj, the sun ; rpoirij, a burning— refers 
to the old supposition that if the mineral be immersed in water it will change the imago 
of the sun blood-red. Another form of bloodstone is hasmaiite, not silica. Chrysoprase— 

I xPw«oj. golden ; irf^owi a leek — is an apple-green or gross-green variety of chalcedony 
found in Silesia. According t-o M. H. Klaproth’s analyse,'® the colouring agent is nickel 
I oxide— approximately one per cent. Agate — from Achates, a river in Italy where specimens 
' werp found and now called the Drillo — is a variety of chalcedony sometimes with alternate 
/.•nes or layers — light and dark. 8. 8. Bhatnagar and K. K. Mathur ” discussed the forma- 
tion of tiiese rings, and prepared artificially banded silica gel by allowing ferric, cobalt, 
or nickel salt soln, to diffuse into silica hydrogel — vide 1. 10, 6. A translucent, white or 
hluish- white voir'ety, having included in it metal oxides causing brown, red, or black dendritic 
forms, is called moss agate, or tree agate, or mocha-ston^. The variety of agate called 0 nyx 
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— owf, ajiiiger nail— fins concentric zones alternately white and dark brown or grey; 
mrdonyx is a variety of onyx wnth white and* reddish-brown layers. Flint — also called 
tiilex, or la piem d feu, or Fcuerntein—iH allied to chalcedony. It has a conchoidal fracture, 
and the colour varies from grey to black. It is of organic origin and often contains sponge 
spicules. The nodules of flint found by primitive poan were shaped into various forms 
so that they could be conveniently held in the hand, and used as implements or weapons. 
Man, the tool- maker, thus inaugurated the Stone Age, estimated tn have been at least 
80,000 years ago. In the earlier stages of the Stone — the PalsBolithic ^Period-^-the 

fli^s w«ro roughly shaped by chipping ; whyo in the later stages— the Neolithic Period— the 
flints were ground anil poh.shod. Chert or hornstone is a coiripact variety of chalcedony, 
Und, like flint, is of organic origin. Lydian stone — also called l^iile, or touchstone — is a 
grey or velvety-blai'k flinty rock or siliceous slate psod by jewellers for testing the purity 
of gold. The met§l under investigation is rubbed ou* the polished surface, of the stone, 
and the colour of the streak of metal, particularly when touched with atid, enables thpse 
experienced in the c(flour of the slreaks to estimate, the proportion of gold in the alloy. 
This stone wos ignployod by the ancients under the name lapis lydius or lapis basanitis 
for the same pilfpose. tTho styno was formerly obtained from Lydia (Asia Minor), but it is 
now obtained from other localities. A sample anajv/.ed by J. B. A. Dumas gave : 

SiOj A 1,0, VcjO, CaO MgO K,0 Na,0 

VS4I0 5-25 Mf) 0'43 0'13 0-69 0-70 

with f.ulphur and phos[)horu8 about O'Ofl each ; water, ()‘7 ; and organic matter, 4-65 per 
cent. Jasper is a siliceous rock or hardened clay which occurs in masses mixed with 
some clay and yellow or rAl oxide of iron. If the yellow forms bo heated, they lose water 
and become red. Jasper is soinotimos stri^wd green and brown, or green and red. In 
hgyplian jasper the bands occur in concentric zones. Jasper is often mentioned by ancient 
writers, and in the Bible. 

SHiidstonos have been formed by the cementing together of the grains of sand, 
maybe umhir great press. The cementing agent may l>e argillaceous, calcareous, 
siliceous, ferruginous, barytiferous, etc. Special names are given to particular 
varieties - e.//. unnister, etc. In the so-called quartzites, the grains of quartz sand 
appear to have been cemented together by the infiltration of soluble silica. When 
thin sections are examined niicro.sc()pically, the original quartz grains can usually be 
ilistinctly seen in the outline within an envelope of unfiltered and crystallized silica.i3 
In some oas(‘s, the quartz grains have recrystallized. According to T. Graham : 

I ho formation of quartz cryatalH at a low temp., of so frequent occurrence in Nature, 
• reinuins a mystery. 1 can only imagine (hat such crystals’ 

arc formed at an inconceivably slow rato, and from soln. of 
silicic acid which are extremely dil. Dilution, no doubt, 
weakens the eolloulal cliaraeler of such substances, and may 
therefortVallow their crystallizing tondenoy» to gam ground, 
and develop iUolf, particularly where tho crystal once formed 
IS completely insoluble as with quartz. 

Sometimes t^ie siUcification of the grains has been 
80 complete that to the naked eye the rock appears 
as homogeneous and compact as vein quartz, and 
it requires microscopic examination to reveal the 
agglomeration of the quartz crystals. A photograph 
of a thin slice from Lickey Hills (Worcestershire) is 
indicated in Fig. I, as viewed under polarized light. 
Grains of oth^r minerals may be cemented in the 
rock along with the quartz grains. Some varieties of 
quartzite coniaiu over 99 per cent, silica. The flexible 
sauihtone of Delhi is said by 0. Mugge to consist of 
angular quartz grains which inti'rlqpk or dovetail into 
each other so that there is a slight play between the 
particles. Whatever be the true explanation, the sand- 
stone can be bent in an extraordinary manner witBdut 

also occurs in Itacolumi, Minas Geraes, Brazil— whence the name itacolumite~~&nd 
in several other localities, e,g. Pennsylvania, North Carolina, ‘etc. * 
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The nou-crystalline hydrated silica called opal contains up to 12 per cent, of 
pater. The colour varies from white W) yellow, red, brown, grey^ or blue ; and the 
;em opal exhibits a beautiful play of iridescent colours. Selected specimens are 
nuch admired as gem stones, for they are said to “ reflect all the prismatic colours 
n l-efulgent tints of indescribable^brilliancy.” Pliny says the opalus is made up 
)f the glories of the most precious gems. It was called TraiScpoi? or dn-aXAio? by 
DiWorid^ in his IIcpl vXij* larpiKrj^; written about 50 a.d. Some have a super- 
stitious dread of the stone, which they suppose porter vuilfieur. R. E. Liesegang 
discussed the hyputbesis that the opalescence is due to the presence of colloidal 
matter. ^ • 

Hyalite w a .transparent colourless variety of opal; hydrophan^^ a variety which 
Kornes transparent when phuiged in water ; and tabaschir is a reltflecT variety. Ge.yuvritc 
a variety from Iceland, and other geyser localities. Analyses by R. W. Woodward,” 

. Forchhamrner, A. Damour, C. Bickell, J. W. Mallet, A. PeIrrmamT, etc., have been 
jcorded by F. W. Clarke, and J. Roth. They run: SiOg, 79'34-94‘40; AlgOj, 0‘t)9-10 i)() ; 
OgOg. 017 2 (58; CaO, 0-l‘71; MgO, 0-100 ; KgO. 0-1-60; NagO, 0-3 r>5 ; SO 3 , 
-2 49 ; volatiles, 1*50-14-50. D. Brewster has written on this subject. The occurrence 
f hyalite in pitebstono bos lieou noted by /. VV^ Judd, and A. Scott; and in ^-anite, by 
‘. (jriscbtschinsky. Peirifml wood contains much hydrated silica. Numorous othor^iamos 
lave Ixen applied to varieties of opaline or hydrated silica, o.y. fire, opal, wax opal, gUm opai, 
nrik- opal, vwther-oj -pearl opal, iron opal, jasper ojhiI, randanUe, 0 iiem}lite,, resinous silica, etc. 

In his dissi'rtatiun De aquis Upsalienstbus (Upsala, 1770), T. Bergman reported 
he presence of silica in this spring water, and, since then, silica has been found in 
Host river, well, and spring waters. In 1794, J. Black demonstrated the relatively 
large proportion of silica in the volcanic springs of Iceland ; K. Bunsen also made 
observations on the silica contents of these waters; and F. Sandberger found 
0-5097 part afid A. Damour 0-5195 part of silica in 1000 parts of water. 
A. K. Danibergis found 0 05 grm. of silica per litre in the spring water at Edepsos. 
C. Bickell found 0-lf)C3-0-2373 part of silica in 1(X)0 parts of the spring waters of 
(iRaykir ; and J. Smith, 0-600 part of silica in l(XX) parts of water of Rotomahana. 
'R. Woy found the spring waters at Reinerz, Silesia, contained from 0’04994- 
0-l(X)37 part of silicic acid, H 2 Si 03 , per 100 part|. L. Colomba suggested that 
the Silica of the fumarole water at Japari is derived from the action of silicon 
fluoride on thc*water, G. Forclihammer obscrv^xl the presence of silica in sea- 
water, and observations on this subject have been made by W. E. Ringer, 
R. C. Wells, etc. According to J. Murray and R. Irvine, (Hie part of s^^-water 
contains front one part in 220,(KX) to one part in 460,000 ; and E. Raben found 
0 0002-0-0014 grm. of silica per litre. The necessary conditions for the dissolution 
of silica in water seem to prevail in deep-seated cavities in the eartt The water 
rising to the surface is cooled,, and^the pressure reduced. Some of tho^dissolved 
silica is then deposited at the mouth of the spring as a thick jelly. This afUrwards 
changes into a hard white porous mass of geyserite. The Great Geyser of Iceland, 
for instance, is surrounded by a large mound or hillock of silica with a funnel-like 
cavity /rom which the geyser discharges. Geysers also occur in the Hot Springs 
of New Zealand; Yellowstone Park, U.S.A., etc. Some petrifying springs owe 
their special character to the silicic acid which they hold in^solik Woody 
tissue, for example, when immersed ill such water, may be replaced by the silica. 
In many cases— e.^., the mineral springs at Yellowstone Park— the all^linity of 
the water seems to facilitate the soln. of the silica. The alkaline silichtes are 
decomposed by the carbon dioxide of the atmosphere and the silica is deposited 
in the neighbourhpottas^eysmfe or siliceous sinter. 

Silica is a regular constituent of plant ashes ; the grasses and equisetewem are 
particularly rich in silica. According to J. L. Macie,^® siliceous concretions called 
Jh^schir {vide supra) are found in the nodes of the bamboo. F. J. Cohn discussed 
this product in his memoir Ueber Tabaschir. E. Wolff, and A. Vogel reported the 
ashes of barley to have 17'27-36’73 per cent, of silica ; oats, 33’46~55-95 ; maize, 
0-^'54 ; pea5, 0~-3-06 ; the skin of potatoes, l’93-9'40, and the inside, 0-8*11 ; 
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tobacco leaves, 4'51-48‘39 ; and mushrooms, 0 09-15*37 per cent. The rigidity 
of straw was once supposed to be due to the silica it contains, but h . Sachs "Mound 
it possible to grow plants furnishing straw free from silica without affecting its 
rigidity ; W. Knop, F. V. Jodin, and F. Hdhnel obtained similar results. E. T. von 
Wolf! and C. Kreuzhage found a diffi;rence in the* progress of grain formatioi^ With 
and without silica ; and A. D. Hall and A. Morrison concluded that the plresence of 
silica increased the assimilation of phosphoric acidf C. J. Schollenoerger and 
0.^. Shedd also noted the stimulating effects of silica on growth in soils deficient 
in phosphoric acid. 0. Lemmermanii and H. Wiesmann c^ndluded^ that in the 
absence of phosphates, colloidal silica can take tlie pjace of phosphate. D. R. Nanjo 
and W. S. Shaw siiowed that silica is present in the plant as colloidal ^silica ; and 
U. Abshagen found 4hat in the silicification of a ])lant, the leaves are affected firrfi, 
then the lateral sprouts, and finally the stem. Transverse sections show that the 
increase in silica content proceeds from within outwards. The function of the silica 
in the straw of most fjmminrw is not known. • 

Certain organisms which abound in, sea and other waters probably obtain a 
large portion of their silica from the fine flay matter in sus})en8ion. The so-called 
diatomaceous earth, diatotmte, or kiesehjuhr appears as a friable powder outwardly 
resembling chalk or clay, •and is virtually a mass of the siliceous skeletons of dead 
diatoms, which formerly lived on the surface of pools of water, etc,, and ultimately 
settled to the bottom along with decaying vegetable matter. The resulting 
diatomaceous earth is not uncommonly found in peat-bogs, and marshes on the 
shores of existing lakes. Some of the older deposits are consolidated — e.g. irifoli 
or tri'polite, so namecl from its occurrence in Oran (Tripoli). N. Goodwin has com- 
piled a bibliography of these earths. The skeleton of sponges is a delicate network 
of glass-like fibres and spicules consisting of hydrated silica analogous to opal — 
e,g. Euplecklla aspergillum, or Venus’ 11ow(T basket. The organisms extract the 
silica from soa-wator. The sponges were gradually covcTcd by accumulations of 
chalk, and th(‘ silica seems to have been dis8olv(‘d by water percolating in the chalk, 
and redeposited in other parts of the limestone or chalk about other sponge spicules 
as irregular nodules of flint, or a^ bands or veins of c/nvV - originally the term “ flint ” 
referred to any particularly hard rock {Deal. 8 . 15 ; Psalms 114 . 8). The photo- 
graphs, Fig. 27 (and Fig. 70, l.*ll, 7), may be taken as evidence of the movement 
of water with silica in soln. in chalk and limestone rocks. A. M. Edwards observed 
that “ ^me shells ii^diatomaceous earth dissolved in fresh spring water ” probably 
from the contained ammonia. • • 

Some parts of animals are almost free from silica, other parts contain appreciable 
amounts. Jfci^C. F. von Gorup-Resanez found appreciable amounts in animal 
tissues, fgathers, etc. The ash of hen’s blood^is re 4 )orted 22 to have 1 24 per cent, 
of silica ; the ash of the feathers of flesh-eating and insect-eating birds, 27 per cent, 
of silica ; fish-eaters, lt)'5 per cent. ; and grain-feeders, 40 per cent, of silica. 
H. Schulz found 0 0826 per cent, silica in the ash of man’s flesh ; and 0*1484 in 
the ash of the skin. More silica occurs in the same tissues in youth thau in old 
age. J. E. Reynolds, arguing from several analogies between the b'ehaviour of 
carbon and silyon compounds, said that it may be possible for the plant to con- 
stMict from silicon compounds, ultimately dt^ived from the soil, something akin to 
silicon fnoto^lasm for use in its structures. Similar observations apply to the 
power df sponges to extract silica from sea-water as a part of their normal food 
supply and use it in cell production. He added : 

All theories of life assume that its phenomena are inseparablf’^deiated with certain 
complex combinations of the elements carbon, nitrogen, hydrogen, and oxygen, with the 
occasional aid of sulphur and phosphorus. These are the elements of that protoplasm 
which is the physical basis of life, and by their interplay they form the imstable 
complicated groupings of which that remarkable material is composed. All the phenom^ 
we call vital are associated with the change of sCme protoplasm, and the oxidation of 
carbon and hydrogen. But it is quite open to question whether the connection of life 
with the elements first specified is inevitable. We can conceive Hie exisfence of similar 
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i groupings of other aniUogous elements, ♦ forming other protopla^pis capable of existing 
within much greater ranges of temp, than any plants or animals now known to\ia have to 
withstand. For example, we can imagined a high temp, protoplasm iir which silicon takes 
the plac^ of carbon, sulphur of oxygen, and phosphorus of nitrogen, either wholly or in 
part. In fact, protoplasm so far as wo know it in puraat form, always contains setne 
sulghur, and often a little phosphort*, representing a very partial substitution of the kind 
in quqftion. 

^he sp^tra of the sun *nd of different stars show the presence of sUicon.^^ 
The subject has been stifdied by J. N. L3ckyer and co-workers, H. A. Rowland, 
J. Lunt, F. ,W. D^swi, W. M. Mitchell, W. S. Adams, 0. Vogel and J. Wilsing, 
A. de Gramont, etc. G. Rosc^reported quartz in a meteorite from Xiquipulco ; 
G. P. Merrill, in one from St. Mark’s, South Africa ; H. Lasp^res, in one from 
Tbluca (Mexico)* ; and E. Cohen, in one from Beaconsfield { Victoria). N . S. Maskelync 
reported asmanite (tridymite) in a meteorite from Breitenbach. ^The occurrence 
of tridymite in meteorites has been discussed by ft. vont Rath, A. Weisbach, 
C. Winkler, G. Tschermak, E. Mallard, E. Cohen, H^Moissan, and N. H. Winchell. 
The occurrence of cristobalite was repotted by E. Cohen in the meteorite of 
Kendall Co., San Antonio, Texas. According to H. Moissau, silicon carbide 
{tnomanite) has been found in meteorites. * 
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§ 3. The Preparation of Silicon 

Thu ailicoii prepared by J. J. Berzelius about, 17^08, by lieating a mature of 
silica, carbon, and iron was reallj^ not silicon at all, but rather an iron silicide, 
or ferro-silieon. H. Davy was not very Successful in his attein])t to rej^uce silica 
by electrolysis, or by potassium at a liigh temp. According to A. Dufour^ there 
are signs that quartz is slightly reduced by liydrogen at high tenq)., but this reaction 
is not practicable as a means of prej)aring silicon. The rec^uction of silica by carbon, 
at the t(‘mp. of the electric arc, is, however, a .satisfactory mode of lueparation. 
Silicon appears to exist in two forms -amorphous and crystalline. According to 
E. Vigouroiix, the dilfcreuce in the two forms is a question (i) of the degree of 
purity rather than allotropism ; and (ii) of the state of subdivision, the grain of 
the so-railed amorphous form being much finer than the crystalline form. Purified 
amorphous silicon does not differ from crystalline silicon of tlie same degree of 
purity - leurs proprieteii chimitpies sovt identiqaes. P. Lebeau came to a similar 
conclusion. 

For a long time, on tin* stnmgth of .f. J. Berzelius’ observations, ^ it was thought 
that there are two forma of amorphous silicon, the one active amor})hous silicon — 
vor (Iciti (tluhcn was calh'd sdkon-a, and the other })assive amorphous silicon — 
(fliificK - or siheun-^. The latter was obtained by strongly heating the 
former, and wa^shing t he product with hydrolluoric acid. (i),The active form was 
combust il)h‘ in air or oxygen, the passive form wrf8 incombustible in these gases ; 
(ii) the active form was insoluble m all acids excejitiig hydrofluoric acid, the 
passive form was insoluble even in hydrofluoric acid or in a mixture of hyuJofluoric 
and nitric acids ; and (iii) the active form was soluble in an aq. soln. of potassium 
hydroxide, the passive form was insoluble in that menstruum. JE. Vigoiiroux 
examined the products prepared according to J. J. Berzelius’ directions, and con- 
cluded that the alleged modificalVion^rte soul pan dn corps simples, but rathT^rjrapure 
forms of silicon ; and that the observed differences ar(‘ due to differences in the 
composition of the two forms. There are, however, differences of opinion because 
E. Wilke-Ddrfurt showed that the amorphous silicon which is obtained by reducing 
silicon fluorjde with sodium at a dull red heat reacts with sulphuric acid and hot 
water during the washing. The sulphuric acid is reduced with sulphur as one of 
the products. The yield of amorphous silicon by this process is'therefore very 
small. On the other hand, the grey powder of amorphous silicon, obtained oy 
treating with acids the metallic rcgulus, furnished when sodium fluosiiicate.i8 fused 
with sodium and aluminium, is not very active chemically, but when heated with 
hydrofluoric acid, it forms a brown variety of amorphous silicon which is very 
reactive, for it is violently attacked by cone, nitric acid, forming a white substance, 
possibly a nitride, which evolves ammonia when heated with sodium hydroxide. 
Bjjown amorphous silicon is transformed into the less active form when heated, 
fi these results be confirmed, it may be necessary to reintroduce J. J. Berzelius’ 
a- and^- amorphous silicons — vide Fig. 6. According to L. Cambi, the hydrolysis 
of black vitreyus silicon sulphide, SiS, furnishes soluble silica, and amorphous silicon. 
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which is a paler reddisl^-yellow than E. VigourAix’ product. The sp. gr. is 2 08; and, 
after heating, its colour and properties approach those of E. Vigouroux’ amorphous 
silicon {vide infra)* L. Cambi regards the different varieties of amorphous silicon 
as indefinite masses possessing different mol. structures. L. Baraduc-MuUer 
observed peculiarities in the thermal expansion which he attributed to t)ie 
appearance of an allotropic crystalline form of silicon stable between ,700^ and 
1025°— vide infra; and J. Konigsberger and K. SchjUing observed peculiarities 
in ^e electric resistance {q.vf which they attributed to the existence of three 
aljotropic forms of silicon. ^ 

H. St. C. Dcvillc 2 claimed to have made what he considefhd to be^ a graphitic 
form of Aon— gtraphiioidal si/icon— related fo the ordinary crystalline form 
much as graphite is ^elated to the diamond. W. H. Miller, however, sflowcd that 
both tlie black glistening hexagonal plates, and the dark steel-grey six-sided 
pyramids or n(‘(;dle-lik3 crystals of crystalline or adamantine silicon are really 
octahedfal crystals belonging to the same system. H. Kopp did show that the 
sp. ht. of ordinary crystalline siKcon and of the graphitic form are different, and this 
conclusioi; was confirmed by C. Winkler. *F. S. Hyde obtained silicon in graphitoidal 
])Iatea,,by melting raw silicon, aluminium*, and cryolite. By treating potassium 
fluosilicate with im]mre aluminium at a high temp., H. N. Warren claimed to have 
inad(i oblique octahedral ^crystals of silicon different from the ordinary crystalline 
form. In 1904, H. Moissan and F. Siemens found that molten silver dissolves 
silicon, which it rejects as the metal solidifies. This form of crystalline silicon is 
partly soluble in hydrofluoric acid, while the 
ordinary crystalline form is insoluble. The 
amount of silicon soluble in the acid diminishes 
as the amount of silicon dissolved by the silver 
increases, and this is determined by the temp, 
of the molten silver as illustrated in Fig. 2. 
When there is only two per cent, of silicon in 
the silver, the silicon is nearly all soluble in the 
acid. The solubility in hydrofluoric acid was 
the oidy chemical difference observed between 
the soluble and ordinary forms of crystalline 
silicon. F. Leboau noticed similar phenomena 
when silicon is dissolved in molten copper ; and 
tlnv preparation of crystalline sflicon from a 
soln. of silicon in copper was investigated by W. Manchot and H. Funk. They 
examined the^proilucts from soln. of silicon in aluminium, silver, lead, and zinc, 
and concluded that quebching is the essential factor in producing the soluble form ; 
that afl crystallized silicon is slowly but coinpletely dissolved by hydrofluoric 
acid; and that the brown variety which resists hydrofluoric acid is in a state 
of pamvity acquired by the occlusion of hydrogen. 

The preparation o! amorphous silicon.— Amorphous silicon has been made 
by reducing silicon halides or oxide with certain metals ; by double decomposition 
of the silicides ; and by electrolysis. J. L. Gay Lussac and L, J. Th6nard 3 reduced 
tha vapour of silicon tetrafluoride by heated^potassiurn. W. Hempel and H. von 
Haasy lifted sodium as the reducing agent, at 400°-5(X)° : SiF4-}-4Na=Si-f 4NaF. 
The mass wa^ allowed to cool in the current of silicon tetrafluoride so that sodium 
fluosilicate, Na 2 SiF«, was^ formed; this was easily separated from the silicon by 
extraction with water. A. F. Holleraan and H. J. Slijper found that if an excess 
of sodium fluoride be avoided, there is practically no formation of sftdium fluosilicate. 
When boiled with water and dil. hydrochloric acid, the residue does not, however, 
consist of pure amorphous silicon, for only about 40 per cent, can be volatilized in 
a current of chlorine, the remainder consisting principally of silicon dioxide which 
has been formed in the extraction of sodium fluoride. H. St. C. Deville reduced 
the vapour of silicon tetrachloride with heated so^um, and added : ^ 
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The inogfc prolong^ washing is not Efficient to remove all the Impurities ; and as a 
result the early chemists who occupied themselves* with this question-^. L. day Lussao 
and L. J. Th6nard, H. Davy, etc. — were prevented from seeing the true nature of silicon. 

A. F. Holleman and H. J. Slijpcr found that the product by this process contaiied 
tO^r cent, of silica. In a boiling soln. of benzene, sodium scarcely has any action 
m 8il!bon4ietrachloride. 

•J. J. Berzelius also reduoid silicon tctrafluoride or tetrachloride with potassium, 
ind washed the product, first with cold atid then with hot water. His product, 
sailed a-silicon — vide supra — was contaminated largely with hydrogen and carboiv; 
f purified hf heating it in a cruci|jlc at a red heat, and washing first with hydrO' 
luoric acid^nd then with watlr, what he called p-sHicon was obtained. He also 
)btained silicon by heating a mixture of potassium and potassium fluosilicate 
jontained in an iron tube, and extracting the potassium fluoride by water : 
K2SiF6'f4K=6KF-j-Si. H. Buff and F. Wohler jjeatcd^a mixture of sodium 
luosilicate with sodium covered \^th sodium chloride and contained in a*fireclay 
irucible. E. Vigouroux, and W. Hempel and H. vofi Haasy criticized the methods 
of J. J. Berzelius, and H. Buff and F. Wohler. H. Moissan said that the use of 
alkali metals for the reduction is very liable to give an impure product, because 
the action is so energetic, and the heat generated during the reduction is so great, 
that the vessel in which the reaction occurs is much attackeS. H. N, Warren reduced 
silicon tetrafluoride with magnesium, arid obtained amorphous silicon and mag- 
nesium silicide, but W. Hempel and H. von Haasy found the yield to be poor, and 
they observed a similar reaction between magnesium and silicon chloride. G. Rauter 
found that the reduction of silicon tetrachloride by beryllium in a sealed tube 
is incomplete at 27(r-280'’ ; and magnesium and zinc at 390°“400‘^ gave only a 
little silicon after 64- 67 hours’ action ; zinc-dust after 28 hours’ action at 280°-290® 

i ave only a little silicon ; better results w’ere obtained with aluminium at 360°~ 
70° after 71 hours’ action, E. Lay found that molten sodium amide, NaNHj, 
artially reduces silicon tetrachloride. 

According to R. Bunsen and A. Matthiessen,'* sodium exerts a reducing action 
bn silicates, glass, porcelain, etc., even at 2(X)°, whilp calcium and strontium begin 
to ac4 at a red heat. H. St. C. Deville reduced a mixture of silica with calcspar 
and potassium tarbonate by means of sodium, but, the resulting silicon was very 
impure. T. L. Phipson showed that magnesium reduces silica, and J. Parkinson 
obtained silicon and magnesium silicate as products of tlfe reduction. L. Gatter- 
mann heated ivith a Bunsen’s burner a mixture of quartz sand and magnesium 
contained in a test-tube, and found the main reaction corresponds with the 
equation : Si02-|-2Mg— 2MgO-j-Si. The reaction is accornpaniid by vivid 
incandescence, and if precipitated silica be used, there may be a slight explosion. 
If an excess of magnesium is employed, the product is mainly magiiesium 
silicide. In any case, the product which remains after washing with hydro- 
chloric acid is not very pure ; and C. Winkler claimed a purer product by 
reducing silica with magnesium silicide in presence of an excess of silica*, but, 
according to*W. Hempel and H. von Haasy, the yield is very small. E. Vigouroux 
investigated the conditions necessary for preparing pure amorphous silicon 
by the reduction of silica with magnesium. If the exact amount of mag- 
nesium strictly necessary for the reduction be employed, the prodqpt is a 
mixtufe of amorphous and fused silicon, and a small quantity of maghesium 
silicide. If an excess of silica be used to avoid the tormation of magnesium 
silicide, it will be very difficult to remove all the silica from the product. If 
magnesia be added to hioderato the violence of the rcAction, amorphous silicon 
can be obtained in a high degree of purity. If the materials are imperfi^ctly dried, 
tWmaterials may be projected from the reaction vessel with explosive violence. 
K Vigoiy:oux recommended the following procedure for making amorphous silicon : 

Clear transparent quartz is powdered and intimately mixed with magnesium powder 
in the proportions correaponding with SiO,-H?Mg=Si'f 2MgO, and with 25 per cent, of 
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purified commercial ma^^neaia. Both the quartz^and the ma^esia J 

Lcined toMrive off themuisture. otherwise a dangerous explosion 
if precipitated silica bo used instead of quartz. A convenient charge for 
is silica, ISOgrrns. ; magnesium, U4grm8. ; magnesia, Sl grms. The 
are»plac=ed in a furnace at abrightred heat. In two or 
with vivid incandescence. The crucdble is then witWrawn from the 
to cool. The contents of the crucible are unifonnly coloured maroon. 
added to hydrochloric acid, and the insoluble residue washed by decantation. It is t^n 
treetod yfiih hydrofluoric acid, and after the vigorous actirfi hiw subsided, heated to IW . 
The clear liquid is decanted, and the residue again treated w<«th hydrofiuono ^id. Ihe 
washed residue is then added in small portions at a time to sulphunij acid contained m a 
platinum dish; tlio mixture is heated for some hours to the b.^. of the. acid so aa to 
convert the metal fluorides into sulphates. The djUl^.masa is washed with hot water; 
then with cone, hydrochloric acid, then with water, and finally heated to rednesc m a current 
of hydrogen, ^'he pijotluct contains 9(1-97 per cent, of amorphous silieon. If punhjid 
silica and magnesium bo employi^d, and the reduction be performed m a Bohemian glass 
tulle brasquod wfih ma^u'sia, and traversed by a current of hydrogen, a still purei pro- 
duct can be obtained, tie obtained 99'0 5f9‘() })er rent, silicon in this way. 


E. Vigouroux found tliat ])ulVerizod alumininiu of commerce, washed free from 
fatty m»terials by (‘f luir and alcohol, can be used in place of magnesium. Ihe 
reaelion commences at about 800“, and corresponds with the equation : 3810*2 -f lAl 
2Al203-f 38i. The pitiduet with aluminium is as pure as that with magnesium, 
but the yield is not so gthid. E. E. Weston and H, R. Ellis also reduced silica with 
aluminium; A. Burgi'r, with ealeium; alid L. Burgess, with tlie, carbon arc. 

Amorjdioiis silicon is deposited when a cold plate is held in the flame of burning 
silicurettiMl liydrogen. According to V. Kdhlsch litter,^’ silicon is vseparated when 
canal rays and disintegrated aluminium inqiingc on glass. H. N. Warren passed 
sparks through silane, am I obtained a deposit of amorphous silicon on the walls 
of the containing vessel. A. Dufoiir, and 11. Moissan and 8. 8miles also obtained 
amorphous silieon by the decomposition of silicon hydrides ; and 0. Ruff and 
0. Albert, by the deconq/osition of silicoehloroform, SiHOls, at 8(X)'’. L. Cambi 
obtained amorphous silicon by the hydrolysis of sdicon sulphide. According to 
W. Hompel and H. voii Ilaasy, the silicon which separates during the cooling of 
soln. with less than 20 per cent, of silicon in molten aluminium, is in the amor])hous 
state. II. N. Warren also obtained a sejuiration of amorplious silicon from,-ferro- 
silicon ; and A. E. Jordan and T. d'urncr found no crystals of silij'on were present 
in iron with less than 10 per cent, of silicon, and the graphite which separates from 
such iron also cont^aine(f no silieon. T. Naske said that silicon in excess of Ee3Si 
separates when siliciferous iron is cooled. G. J. L. d(! Ohalmont obtai/ied amorphous 
brown silicon by the action of sulphur on copper silieide at 250°-3(J0°. 

M. Junot® claimed to have obtained amorphous silicon by the electrolysis of 
a potassium cyanide soln. of sodium silicate^, but A. J. Balard could not confirm 
this. St. 0. Devillc found that amorphous silicon separates at the negative 
electrode when a soln. of silica in a molten mixture of sodium and potassium 
fluorides is electrolyzed with carbon electrodes. F. llllik obtained amorphous 
silicon by the electrolysis of a molten mixture of potassium fluosilicate and fluoride. 
According to G. Gore, a deposit of silicon is obtained when aq. soln. of alkali silicates 
are electrolyzed with copper electrodes. A. Minet electrolyzed a mixture of sodium 
chloride, cryolite, and aluminium, and obtained a silicon alloy which was not 
further ^investigated. A. Gratzel von Griitz obtained a similar alloy. H. N. Warren 
electrdiyzed*an alcoholic soln. of silicon tetrafluoride with a mercury cathode, and 
on evaporating the meri^iury from the amalgam, obtained amorphous silicon. 

The preparation ol crystallized silicon.— In 1854, H. St. C. Deville 7 acci- 
dentally prepared a lustrous mass of plates of silicon by elecltrolyzing a double 
chloride of aluminium and sodium which contained siliceous impurities. The 
aluminium was removed by hyilrochloric acid. He said : - 


This body possesses imp inalthabiliU encore plus grande ; and has all tho chemical 
properties which J. J. Berzelius attributed to the residue obtained by the incomplete 
combustion of ordinary silicon. Thus, in order to give an idea yf the indifference of the 
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Motion of the most energetic reagents, f may say that the new silicon iias been heated 
kvhite hot in a current of pure oxygen wi^kout changing in w'oiglkt. * 

Ho also pointed out that the electrolysis of all siliceous materials in fused alkali 
fluorides furnishes silicon. F. Wohler obtained a globule of aluminium by fusing 
iodii^ and cryolite in a firc<ilay*crucible, and when the aluminium was removed 
by acid, iTystalline silicon remained. The element is nearly always obtained in the 
crystalling form when a co^ipound of silicon is reduced by magnesium, zinc, or 
aluminium in the presence of other metafs ; and, according to J. llobbiiw, silver 
and tin behave sinfiltyrly. H. N. Warren obtained silicon crystals by melting silicqin 
with an aluminium alloy cont^inyig 10 per cent, of tin ; and W. Hempel and 
H. von Htiusy said that silicon separates in the crystalline form from aluminium 
cf>ntaining ove^ 20 per cent, silicon. E. Eggertz found cryst^ of silicon in many 
kinds of iron. H. Hanemann studied the formation of silicon when carboniferous 
iron is heated in contact with fireclay crucibles. \t. TroAst aiuf P. Hautefeuille 
found that when amorphous silicon is fused and allowed to cool, crystalliiifC silicon 
is formed. In H. St. C. Deville and H. (^ron’s process, potassium lluosilicate was 
reduced by sodium in the presence of zinc ; and F. Wohler used a mixture of 
aluminium and potassium lluosilicate. In either case, the zinc or aluminium 
can he removed by treating the alloy with acids. F. Wdhjer’s process is as follows : 

A luixturo of 125 grma. of aluiuiniiim and grnw. of potassivim fluosilicato, KgSiF,, 
ia hoatod in an iron cioieible. Tlio reaction proceeds tranquilly. After half an hour’s 
heating to about 1400'', the crucible is rornovwl and allowed to cool. The crueiblo is 
hroken. 'I’iio nadallic button covered by a thin layer of scoria and weigliing about 
110 gi’ina. la dislodged from tho bottom of the crucible. The button has a silvery colour, 
ia very brittle, ami lias a very crystalline toxtiue. The button ia digested in hydro- 
chloric acid, and then boded in nitric acid ; it is finally treated with hydroHuoric acid, 
waahi'd, and dru'd. About 50 grma. of crystalline silicon are obtainetl. 

A. J. Kieser analyzed a sample of silicon prepared by F. Wohler’s process, and 
^ found 71*81 per cent, of silicon; 0*33 per cent, of silica; 2*51 per cent, of iron; 
faiui 25-32 per rent, of aluminium. (!. Winkler heated to redness for about 45 
' mins, a mixture of cryolite, powdered (juartz, and aluminium powder, all covered 
widi^a layer of sodium ohlorido. T. Scheerer emphasized the difficulty of removing 
aluminium from silicon prepared in this manner, h. Weiss and T. Engelhardt 
recommended ^Hlucing potassium lluosilicate with massive^aluminium, a better 
ri'gulus being obtaineil than when aluminium powder js ii^jd. Tho regulns is 
crush(‘(l and extracted successively with hydrochloric, cone, sulphuric, and hydro- 
tluoric acids. * The product, even after repeated boiling in a state of fine powder 
with hydrofluoric acid, cootains 0*3-0'5 per cent. Fe, 0*1 jier cent. Cu, and 0*72 ])er 
cent. 8i0jj. , • 

H. 8t. C. Deville obtained* finc^needles of silicon by hea,ting aluminium to 
redness in the vapour of silicon chloride ; when silicon fluoride was used, the jH-oduct 
always contained aluminium fluoride. H. St. C. Deville found that if aluminium 
he heated to a high temp, in contact with glass or quartz, the metal always retains 
some sibcon. E. Vigouroux made silicon by heating quartz powdi'r mixed with 
an excess of aluminium in a carbon crucible in an electric furnace, and obtained 
silicon with a fine crystalline fracture. The reaction proceeds at a Jowci temp, in 
the presence of a flux, and he preferred a mixture of 120 grms. of aluminiimi, 
30 pms. of quartz, and 220 grms. of potassium lluosilicate. A. J, Kiesarmsed a 
similar process, and obtained silicon with 0*1887 per cent, of alumina. *K. A.*Ktihne 
used the thermite process with a mixture of 360 parts of silica, and 4(X) parts of 
aluminium ; he also tfSipd a mixture of silica, 36 parts ; aluminium, 40 ^arts ; and 
sulphur, 50 parts in a fireclay crucible. A. F. Holleman and H. J. Slijper used a 
i^dification of this process. 0. P. Watts recommended using cryolite or felspar 
«s a flux ; K. Groppel, a basic aluminium silicate. W. G. Mixter recommended 
purifyiiig the silicon by recrystallization from molten aluminium and subsequent 
treatment with hydrofluoric acid, potassium pyrosulphate, and hot purified sulphuric 
acid. • 
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E. H.,and A. H. Cowles and C. F. Mabery » made silicon alloys by reducing 
silica with carbon in the electric furnace, and H. Moissan made crystalline silicon 
by reducing silica in a similar way. H. Moissan said : 

When HU intimate mixture of carbon and powdertid rock crystal is heated in a carbon 
cylinder closed at one end in an electric furnace, the orifice of the tube is soon covered with 
snow-like flakes of silica ; lower down are found beautiful crystals of silicon carbide ; 
lower stdl are rin^s of brilliant black crystals interspersed Vith globules' which' have been 
fused. Neither the crystals nor the globules are attacked by a mixture of nitric and 
hydrofluoric acids. 'J’bey inflame in fluorine gas forming silicon fluoride. Some of the 
crystals riiscmble those obtained by the soln. of silicon in molterf zinc. The crystalline 
dust which collwts in the tube contains 28-30 per ceftt. (K crystalline silicon. 

‘ 

K. Grdppel obtained silicon by heating aluminium silicates, silica,' and carbon ^ 
the electric arc ^furnace. The final slag had the composition Si 02 + 6 - 7 Al 203 . 
About 3 per cent, of cryolite yenders the slag sufficiently fluid. 0. P. Watts found 
that sodium silicate gives better results as a source of silicon than does silica, glass, 
or ealcinm silicate ; lie also obtained silicon by reducing silica or silicates with 
silicon carbide. The reduction of silica by carbon or silicon carbide in the electric 
furnawe has been discussed by G. J. L. de Chalmot, R. Scheid, F. J. Tone, etc. 
J. Konigsbergi'r and KJ Schilling electrolyzed silica with carbon electrodes at 
about 3()0(f , and the product contained 0‘1 per cent, of silica, and less than O'Ol 
per cent, of carbon, * 

A. Lampen found that carborundum breaks up into silicon and graphite between 
2200“ and 2240° ; and W. R. Hodgkinson and F. K. Lowndes, that if a platinum 
wire be heated white hot in thoroughly dried silicon tetrafluoride, crystalline silicon 
is formed. J. N. Pring and W. Fielding also obtained small hard crystals when a 
sili(!oii tetrachloride in the presence of hydrogen is decomposed by a carbon rod 
heated electrically to about 1700°. Some silicon carbide is formed at the same 
time ; at 1925°, the whole of the deposit was silicon carbide. 

E. W, von Siemens and J. G. Halske ® found that silicon films or silicon-mirrors 
could be obtained by placing the surface to be plated in a uniformly heated pipe 
above the temp, of decompositipn of silicon hydride, and passed through the system 
a current of that gas mixed with hydrogen. Tlie mirror so produced is used in 
work with ultra-violet rays. i 

H. Kuzel prepared colloidal silicon suspended in water or other liquid, and 
the process was also use(i for colloids of elements of higli m.p. such as chromium, 
manganese, molybdenum, uranium,* tungsten, vanadium, tantakin, niobium, 
titanium, boron, thorium, zirconium, platinum, osmium, and iridium. The 
clement is fiiot brought to a fine state of division by grinding and sifting, or 
by cathodic disintegration, and is then converted int,o the colloidal state by repeated 
alieriucte treatments for long periods with dil. acid soln. and dil. alkaline or neutral 
soln. under the influence of moderate heat and violent agitation. After each 
treatment the material is washed with distilled water, or other solvent until com- 
pletely free from the reagent employed. H. Kugel also showed that gels pf these 
elements are peptonized — or reconverted into colloidal soln. — by digestion with 
ammonia <or aqiines or with very dil. soln. of alkali hydroxides or carbonates. The 
peptonized soln. have a powerful agglomerating action on powdered metals. 

According to F. Limmer,^! the amorphous silicon of commerce contains 
20-66 fer cent, of crystalline silicon, 2-12 per cent, of silica. B. Neumann 
found commercial silicon prepared in the electric furnace contained 70- 97 -6 per 
cent, of siKcon ; and a minimum of 2’5 per cent, impurities— p l-3'5 per cent, 
iron; 0*U-0*70 per cent, aluminium as metal or carbide; 022-1 *40 per cent, 
of calcium ; and 1*9-24 0 per cent, of insoluble matters, chiefly ferrosilicon, silica, 
and silicon carbide. P. F. Spiebnann reported that commercial graphitic silict,’^ 
contained : 

silicon Iron Aluminium Silica Alumina 

93-91 2*76 0-41 2-66 0-46 {)er cent 
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The preparation of sihcon of a high degree of purity has not been.succeasful, 
and in many cases where the properties have been determined, the (undetermined) 
degree * 0 ! purity has been very low. It is therefore probable that statements of 
some of the properties of silicon yill be found erroneous, though they may be right 
fof Hie impure element. Contradictory statements also appear. 
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§ 4. The Physical Properties of Silicon 

According to J. J. Berzelius,* the colour of the so-called amorphous silicon is 
dark brown, and the tint is darker after calcination than before. C^ry.stalline silicon 
en warn is dark steel-grey, with a reddish tinge in reflected light. Small crystals 
are often transparent arnl light orange in colour. When it occurs in almost black 
six-8id(al plates with a inetallic tlustre resembling gTa})hite, it is called graphitoidal 
silicon ; F. S. Hyde said that the crystals appear to be incomplete octahedra. 
The mfammilwc af>pearsMu steel-grey needle-like crystals, or in hexagonal 
prisms ; when pr(‘par(‘d Ijy the zinc process, silicon seems to favour the octahedral 
habit, and wheji inaue by the ahiminium process, the crystals are lamellar. The 
habit is |)rohably largely affected by th§ rate of cool- 
ing^ H. de Senarmont found that the tabular and 
acicular crystals prcfiared by H, St. C. Deville were 
> octahedral and sdinetifnes arranged in series (Fig. 3) ; 
and often with truncated and trihedral apice.s. 
According to W. H. Miller, both the graphitoidal and 
adamantine crystals arc octahedral. They belong to 
the cubic system. According to l\ Groth, the t rystals 
of silicon and carbon are not isomorphoiis. Although 
carbon and silkmn unite to form a carbide, they do not to mixed crystals, and 
silftion carbide itself is dissimilar in crptallirfe form from either of its components. 
Carbon t^raiq^ide and silicon tetraiodide crystallize in the cubic system, but further 
information as to the isomorphism of the two compounds is lacking. As G. Jerusalem 
has emphasized, no instance is on record in which silicon replaces carbon without a 
profound modification of the crystalline form. Isomorphism might he expected 
bt)tween the metal carbonates and metasilicates, but none has been observed— 
e.g. lithium carbonate, LiCOa, is monoclinic, lithium metasilicate, LiSiOs, is rhombo- 
hedral; nor has any ismorphism been observed between the carbonates aM 
metasilicates or metatitanates of the bivalent metals—CaSiOg, {Mg,0a)SiO3, 
MgSiOg, MnSiOg, MgTiOg, MnPiOg, and FeTiOg. According to J, Konigsbergerj 
the crystals of silicon may be isomorphous with those of titrfnium and zirconium 
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According to A. W. Hull, P. Debyo and T. Scheerer, W*. Gerlach, K. C. Bain, 
W. L. Bragg, L. W. McKechan, and* H. Kustncr and H. Bemy, the space-lattice 
deduced from the X-radiograms is identical with that of the diamond. There 
arc two intermeshed face-centr^jd lattices, one being displaced with reference to 
tlie^ther along a cube-diagonal, a distance of one-fourth the length of the diagonal. 
The sid^of the cube is 5'42 A. to 5 43 A., compared with 3 56 A. for the diamond, 
and the distance between Adjacent atoms is 2*35 A. compared with 1 ’54 A. foi» the 
diamond. There are 8* atoms per unit cube. R. N. Pease calculated M7 A. for 
the atomic, radii *of«the atoms in silicon ; and W. L. Bragg, and M. L. Huggifts. 
117 A. A. L. Norbury studied the at. vol. of silicon in alloys. P. Debye found 
no differebcc jn the X-radiograms of amorphous and crystalline silicon, showing 
that the two forms are structurally the same. M. L. Huggilis, L. A. Turner, and 
H. Collins discussed the electronic structure of the siliciyi moUcule— vn/e silica. 
H. Moissan and F. Siemens’ soluble silica forms yellow translucent plates rather 
darker in colour than ordinar}^ crystalline silica. H. N. Warren's form was 
octahedral like ordinary crystalline silicfc. According to Winkh'r, the crystals 
are very hard ; they scratch glass but not to})az. J. It. Rydberg places their 
hardness at about 7 when that of the diamond is 10. 

F. Wohler gave 2-490-2-493 for the specific gravity of graphitoidal silicon 
at 10° ; A. Harmening gave 2 493 C. Winkler, 2*004-2*197 for specimens 
obtained from molten zinc ; W, H. Miller, 2*337 ; H. St. C. Devillc, 2*493 ; and 
K. Honda, 2*399. L. Playfair gave 2*48 as the mean of six determinations of the 
sp. gr. of adamantine silicon. L. Weiss and T. Engelhardt obtained 2*3013 at 19° 
us the mean of five determinations of a sample with 1*58 per cent, aluminium, and 
97*46 per cent, silicon ; and 2*3454 at 19° as the mean of six determinations for 
vsam})les of silicon with rather less aluminium. The sp. gr. of a sam}de of amor])hou8 
silicon made by F. Vigouroux’ process was 2*35 at 15°, and that of the crystalline 
form a litth* smaller, i.. Lambi gave 2*08 for the sp. gr. of a sample of the amorphous 
element made by the hydrolysis of silicon sulphide. The different amor])hou8 
forms, .said ho, arc not ch'arly-defined allotropes. H. Moissan and F. Siemens gave 
2*30-2*42 for the sp. gr. of crystalline silicoi? soluble in hydrofluoric acid. 
P. 1* S[)i(‘lmann gave 1 *90 for the sp. gr. of commercial silicon. The atomic volume 
of silicon is 1 1^4, if the sj). gr. be taken as 2*42. T. W. Ricliards found the mean 
change of vol. ])er 0*987 atm. ])re8s. between 98*7 and 5tX98if atm. ])res8. is 0*16. 
C. A. Edwards found the hardness of silicon on Brinell’s scale to be 240; and 
C. A. Edwards and A. M. Herbert gave 89*^ for the plasticity number when that 
of platinum is 116. The co-^ff. of compressibility is 0*32 xlO^^^ at 20° between 
KX) and 5(X) megabars when the compressibility of mercury fs 3*95 X 
E. Griineisen showed that if <r be Ac coefl. of linear expansion ; v the* vol. of a 
gram-atom : and j8, the coefl. of compressibility, then ae/jS is nearly (mnstant 
for most of the metals, and for silicon. J. H. Hildebrand and co-workers calculated 
relative values for the internal pressure of silicon and other elements. 

According to H. Fizeau,‘'i the coefl. of thermal expansion is a -^0 0(KXK)7G3 per 
degree at 40°, and 0*(XXKK)780 at 50°. This makes tlio coefl. of cubical expansion 
3a^ 0*{XX)023. According to L. Baraduc-Muller, the mean valim of ’the coefl. 
between 15° and 1000° is a-- 0*0000(^68 ; it is fairly constant between 2(X)° 4!hd 
700° ; it increases rapidly to 805°, decreases to its original value 83ij°, again 
increaees slightly to 900° and then becomes small and negative at 970° ; it increases 
and becomes positive at 1(XX)°, and increases slightly up to 1055°. The value of 
daldtxW from 607‘X-700° is 5 05 ; 700°-805°, 10*47 ; 805°-835°, 4*30 ; 835°- 900°, 
2*30; 900°-970°, -0*85; 970°-1000°, 2*66 ; 1000M025°, 2*80; 1025°-1055°, 
^31. S. Valentiner and J. Wallot found that the coefl. of expansion decreases 
•^th a falling temp., becomes zero at —157°, and is negative at liquid air temp. 
H. V. flegnault 3 obtained numbers for the specific heat of crystalline silicon 
varying from^O'1673 to 0*1784 ; and for that of fused silicon, from 0*1557 to 0*1750 
between about 12° a*nd 100°. H. Kopp gave 0;165 for the sp. ht. of crystalline 
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Biliconat and 0-2029 at 232 4° (fide 1. 13, 12). A ^^^7 

for Vrey jnicrocrystaliiiie silicon between 0^ ajjd 99 . T. W^. Rich&Tcls ana 
F. G. Jackson obtained 0118 between -188^^ and 20°; A. S. Russell obtynbd 
0’0861 at - -1.35° for crystalline silicon, and for amorphous silicon, 0*0913 at —13^ , 
and*0‘17y6 at 27°. V. Forcb and P. Nordmeyer found^lhe sp. ht. to increase with 
rise of temj). Thus : 


Sp. ht. 


- 184 * 

0-0870 


-39 07 * 
0-1 300 


43 - 13 “ 

0-1097 


71 - 07 “ 100 09 “ 

0-18.f3 t 0-1901 


212 “ • 25203 “ 

0-2011 0-2029 


P. Nordmeyer and *A. L. Bernoulli gave 0*1234 between — 185° and 20'^. 
H. SchinijilT represented the sp. ht., c, of 99’2 per cent, silicon at the temp. B°, by 
c= 0*l()5428(d-17) I 0 (l3l58431()(d-17)2--0*063742(d-17)3; he gave 0*1597 for 
the true*s]). ht. at O'", and 4*54 ^or the atomic hett at 0°. 11. F. Weber gave 5*75 
for the at. ht. at 100°. The deviation of* the at. ht. from Dulong and Petit’s law 
has been disc, ussed 1. 13, 12. ’riie at. hts. com])Uted from the results of W. Nernst 
and h’? Schwers below ■ 183*2°; H. Schimpff, between —150° and 0°; and by 
H. F. Weber between 2l5)°, and 232*4° are as follows— the temp, being taken on 
the absolute scale : 


20 - 1 * 33 - 7 “ 53 - 7 “ 89 - 8 “ 173 * 273 “ 323 “ 359 “ 505 * 4 “ 

At. ht. . . 0-031 0-162 0-648 1-624 3-21 4-54 4*90 5-38 6-74 


The results are plotted in Fig. 3 in connection with carborundum. The at. ht. 
was also considered by F. Michaud, and F. van Aubcl. A. Magnus represented 
the thermal capacity of silicon between 0° and 9° by y--O*17230-i--G-4OxlO"^d^ 
- 2-575 X I0" *^9'h K. I). Eastman gave for the entropy of silicon 5*7 cals, per 
degree at 25° ; and G. N. Lewis and co-workers, 4*7 cals, per degree. The thermal 
conductivity, 0-20 cal. per cm. per second per degree, was measured by 

J. Konigsberger and J. Weiss. 

According to C. Winkler,^ f^licon can be heated to redness without changing 
its s]). gr., or losing })erceptibly in weight. Both H. N. Warren, and F. S. Kyde 
said that graphitic siHcoii is infusible before the blowpipe. C. M. E'espretz melted 
this element, but his observations were made with the impure product obtained 
by the earlier workers. *H. St. C. Dcville said that it can be melted in a good 
wind furnace-/cM de vent— and he o.sKniati'd t hat its melting poink lies between 
m.p. of east iron and steel— say between 1400° and 1500° — and he showed that the 
molten elemeirt can bt^ pst without perceptible oxidation. 11. Moissan found that 
silicon can be readily melted in the electric furijace, jtnd that the molten element is 
bluish steel-grey. H. Moissan and F. Siemens said that the m.p. is near 1500°. 
T. W. Richards gave 1460° for the m.p. G. Arrivant gave 1415° ; R. Vogel, 1408° ; 
W. Friinkel, 1412° ; 11. Giebelhausen, 1425° ; R. S. Williams, 1414° ; W. R. Mott, 
1430°; F. Dorinckel, 1458°; W. Guertler and G. Tammann, 4425°; and 

K. Lowkunja, 1443°. According to W. Frankel, molten silicon, like bismuth, 
expands o« solidification. 

•P. Schtitzenberger and A. Colson stated* that the volatility of sibcon is not 
appreciable in the blast furnace, but they found that platinum-foil heated to a 
roddish-whito* heat amidst a mass of lampblack contained silicon which pre- 
sumably was carried as vapour through the lampblack from the crucible. 
H. Moissan believes that the conclusion is a non sequitiir, f«r the vap. of silicon 
would have been arrested by the carbon. L. Troost and P. Haiitefeuille said that 
silicon appears to be volatile when melted in a stream of hydrogen carrying some 
silicon tetrafluoride or tetrachloride. This apparent volatilization is attributNd, 
to the formation of lower chlorides or fluorides which are stable at a iovi temp, 
and at a red heat, but undergo dissociation at intermediate temp. The reaction 
was discussed by P. Duhem— vfrfe hexachlorodisilane. A.* Ditte ^showed that 
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selenium and tellurium hydrides exhibit a similar phenoraAion ; C. W.*Hasenbach 
also observed a similar effect with nftrogen trioxide ; and H. Debray and A. Joly, 
with nithenium oxide. P. Hautefeuille and A. Perrey found that when the^vap. 
of aluminium chloride is passe^i over aluminium heated at 440° in a glass tube, 
a* deposit is formed of an amorphous substance, which consists mainly of silicon 
ipixed ^ith small quantities of iron and aluminium. It would seem, therefore, 
that aluminium is retained by silicon heated at 1300°, but is given up -when the 
metal is heated at a terdp. much below its softening point. C. Friedel also observed 
that silicon is volatilized in the electric arc between silicon poles — vide iron silicicTes. 

A. Dufour noted that the pa^aglj of an electric discharge through a vacuum tube 
filled with silicon hydride immediately causes a deposit of anforphous silicon ; if, 
^however, the current is continued for about an hour, the original deposit of silicon 
gradually disappears and is re-formed in the dark space r^und fJie cathode. The 
final deposit is always formed in the dark space, (fveii if other parts of^the tube 
are cooled to 80° ; h(;nce the phfnomenon cannotJbe due to the distillation of the 
silicon from the hot regions to the colder. The facts can only be expltyned satis- 
torily by supposing the silicon to recombine with the hydrogen present to form 
silicon hydride, which is decomposed in the ilark space ^y the impact of the cor- 
puscles, emitted from the cathode. H. Moissan found tliat silicon can be distilled 
in th«i electric arc furnace, and that t^e vap. condenses as small globules in the 
cold part of the tube ; E. Vigouroux observed that the vapour condensed in the 
form of lamellar crystals. W. R. Mott gave 1800° for the boiling point ; and 
E. Tiedc and E. Birnbrauer, 1350°. According to H. von Wartenberg, the vap. 
is polyaton\ic, and the latent heat of vaporization of silicon is —44,000 cals, per 
gram-atom for temp, uj) to 1315°. The cone, of silicon vap. over crystalline 
silicon when the partial press, of hydrogen is one atm. is l’15xl0“3 at 1205°, and 
3’(X)x 10"3 at 1315°. J. J. van Laar calculated 4920° for the critical temperature ; 
and 1450 atm. for the critical pressure. Assuming that the allotropic change 
from amorphous to crystalline silicon is a real phenomenon, L. Troost and 

B. Hautefeuille state that the heat of transition : Siamorpiunu Sicry8taUinoH-8'059 
Cals., but H. von Wartenberg believes this value to»be much too high, and estimates 
thaf the heat of transition is less than 2 Cals. The heat of combustion of 
amorphous ailifou was found by H. von Wartenbetg to be 195 Cals. ; M. Berthelot 
gave 184'5 Cals., and W. G. Mixter, Si-f 02'-Si024- HH 

H. von Wartenberg gave 3-87 for the refractive index, /x, of silicon ; and for 
the absorption coeff., ;xil'=::0’47. J. H. Gladstone, A. Haagen, A. Schrauf, and 
J. Kannonikofi computed the refraction equivalent- -the product of the at. wt., 
and where D is the sp. gr.— and found values varying from 6'0 to 11 ‘25, 


showing, as G. Abati emphasized, thlit the refraction eij. depends on the cohstitution 
of the compound in which the element occurs. 

A. Schrauf, and A. Haagen found that the T"'] ^1 

molecular rotatory power, calculated from r 

that o4 quartz, is 0*27. H. von Wartenberg i ' 

gave 35-7 per cent, for the reflecting: power 

of silicon; and W. W. Coblentz found that 

the reflecting power of polished Silicon is o / 2 J f/i 


greatest for light rays in the blue part of the pja. 4.__Reflocting IVjwer of Silicon, 
spectrum, and falls away rapidly towards the 

ultra-red. The curves for the percentage amount *of light of wave-length 
A (/i— O'OOl mm.^, reflected from two samples of polished commercial silicon, are 
illustrated in Fig. 4. The curves remained horizontal as far as they were examined, 
viz. to A— lO/Lt. E. P. Lewis and A. C. Hardy found the reflective power of silicon 
rays below 0=1860 to be 25-44 (rock salt, 8-9) ; I. C. Gardner also measured 
the reflection coeff. of the extreme ultra-violet rays. 

The spectrum of silicon has not yet been made clear. The lines are very 
numerous, an3 they dccur principally in the ultin^-violet. Different bands and lines 
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arc obtainwl under dilferent conditions, and it is not always clear which are 
due to silicon and which to (‘onij)ounds of silicon with oxygen, hydrogen, or the 
haJ(;g(‘n.s. J. Pliicker « ohtai/ied the spark Spectrum by passing the dectric 
discharge through silicon tetrachloride in a vacuipn tube, and other observations 
on the line spectriini have been tnadc by G. Kirchhoflf, J. M. Seguin, A. Mits(jhdl'- 
lich, L. Troost and P. Hautefeiiille, G. Salet, A. del Campo and co;Workeiis, 
R. A, Sawyer arid R. E. Paton, G. Ciamician, H. A.*Rowland, J. M. Eder and 
E. Valenta, E. Demarcay, J. N. Lockyer and co-workers, A, de Gramont, J. Lunt, 
Wt N. Hartley, K. von Wesendoiick, J. Hartmann, F. Exnir and E. Haschek, 
E. B. Frost and J. A. Brown, W. Crookes, G. Stt%d,tA. Hagenbach and H. Konen, 
W. M. Mitch(*ll, A.* Dufour, J. H. Pollok and A. G. G. Leonard, F. W. Dyson, 
W. S. Adams, C. Faltry and H. Buisson, E. Goldstein, C. Porlezza, etc. G. Salet’ 
gave for the most promjnent lines in the visible spectrum : 6366, 6341, 5981, 5960, 
and 5948 in the orange-yellow * 5772 in the yellow ; 5708 and 5646 in the yellowish- 
green ; f)057 and 5041 in the gseen : and 4131, #126, and 4103 in the \[ohir-~vide 
Fig. 5. ^in the ultra-violet the chief lines, according to C. Porlezza, and 
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J. (k McLennan and E. Edwards, arc 2881*73, 2528*60, and 2516*26. The flame 
spectrum of silicon in the oxyhydrogen tlaine was found by W. Huggins to be 
continuous. G. Salet observed some bands in the spectrum of the hydrogen tlame 
charged with silicon halides. The chief lines in the spectra of silicon chloride, 
bromide, and iodide are the same. The tlame spectrum has also been studied by 
A. de Gramont and C. de Watteville. The arc spectrum has been observed by 
J. Hartmann and G. Eberhard, C. Porlezza, F. Exner and E. Haschek, etc. The 
mo.st intense lines in the idtra-iviolet arc spectrum are, according to C. Porlezza, 
and J. C. Mcl..ennan and E. Edwards, 3905*70, 2881*70, 2528*60, 2524*22, 2516*20, 
and 2507 *01. G. D, LiVeing and d. Dew^ar, W. N. Hartley, F. Exner a*lid E. Haschek, 
J. C. McLennan and^co-w^irkers, R. A. Millikan and 1. S. Bowmen, etc., studied the 
ultra-violet spectrum. J . N. Lockym showed that successive s])ectra are developixl 
by silicon as the energy of excitation i.#increascd. What he called Si‘*corresponded 
with the arc spectrum ; 81 ” with the spark spectrum which is associated with some 
doublets ; 8 i'"‘i 8 ussm-ivtcd with some triplets; and 8 “ is associated with a pair 
of lines ir^ t he violet. A. Fowler, in 1914, sh»wed.that the enhanced lines of the 
alkalinft earth metals furnislM'd series similar to the arc lines except that the series 
constant was four times its normal value. According to the electron theory, this 
moans that the enhanced lines are produced by atoms which have lost one electron, 
and hence it was inferred that atoms which have lost one electron will gi\e^ series 
with iN in place of the normal Rydberg’s constant N. This is the case with the 
series in the spark spectrum of silicon which has the constant iN corresponding 
with Si'^ . The triplets in series 111 seem to be lifesociated with Si+ +,aiid the IV-silicon 
series h^»a c^mstant of 16.Y, wliich is taken to indicate tbe existence of radiating 
atoms whidi have lost three electrons, Si-n ***. The regularities iu the band spectrum 
were studied by C. Porlezza, W. Jevons, H. Deslandres, R. B. Lindsay, and 
W. Jevons. A. de Gramouut discussed the sensitiveness of Jhe spectrum of silicon 
in steels. W. J. Humphreys studied the effect of pressure on the spectrum of 
silicon ; and J. Chautard, A. Cotton, G. Gerndt, H. M. Reese, P. Zonta, A. Dufour, 
etc., the effect of a tna(jnctic field. The sensitiveness of the silicon spectrum 
analytical work has been investigated by A. de Gramont. The sensitiveness with 
sohi. of water-glass is such that with a dilution of 1 : 10 , 000 , six silicon lines between 
'2578‘60 and 2507’01 and the lines 2881*70 can be detected. • • 
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F. Haber ^ computed the Tibdkion frequency of silicon for the red ray to be 
1 3'57 X 1012, and for the violet ray, 3 Q,9 X lOi®. J. E. P. Wagstaff gave y^^9'6 x IO 12 . 
E. H. Kurth examined the X-rs,ys from silicon. J. C. McLennan and M. L. Clark 
gave l49’5 for the critical voltage of the X-series of X-ra3rs from silicon; -and 

E. Lindh studied the J^-seri^s. J. Ewles found the minimum voltage for the 
excfiatipn of the whitish-yellow cathodoluminescence of amorphous silicon to be 
1^00, and for the red cathojoluminesccnce of crystalline silicon 24(X). H. S. RoJ)ert8 
and L. S. Adams studie^l the crystal of silicon as a radio-detector. 

J. J, Berzelijis ® said that “ amorphous silicon does not conduct electricity, 
but this property ccflmot be regarded as being at variance with th(‘ supposed metallic 
nature of^silicon, for this el(^ient has hitherto been obtained only in a state of 
.jrnnute subdivision, and finely divided iron, obtained by igpiting ferrous oxalate, 
is likewise non-conducting.” H. St. C. Deville said that the elec^cal conductivity 
of crystalline silicon is like, that of graphite. A. (^. Beccfuerel said that fused or 
crystalline silicon is a very ])oor c^)nductor, and in consequence it becomes'liot when 
conducting a current. h\ le Boy utilised this })t‘Operty to make an eh'ctrically 
heated furnace with aggloimuated rods of silicon as the resistance medfuin. The 
electrical resistance of a rod 40 sq. mm. in cross-section and 10 cms. hwig was 
2(X)xl0^ micro-ohms under conditions where a similar fod of carbon had a resist- 
ance of 150 xlO'^ micro-ohms, and a similar rod of niclkel-brass had a resistance 
850 niicro-olnns. The tcuiip. coetf. of th^ resistance is negative, and it is 40 })er cent, 
less at 800' than it is at 0°. F. Streitz attributed the negative temp, coeff. of the 
resistance of silicon to the presence of 
minute cavities which close as tlic temj). 
rises. According to J. Kdnigsberger 
and K. Schilling, the absolute electrical 
resistance per c.c falls from 0 290 at 
-189^ to 00385 at 217" (Fig. fi) ; it 
then ahru|)tly rises to0102, and falls 
to 0‘85 at 435" ; and again rises 
ahru[)tly to O'BX), and falls to 0‘022 at 
83r%. It is assumed tliat the.se cliang<-s 
corrcs])on({ wit,h tin* conversion of what 
they call a-sfltcon to ^-silicon between 
210" and 217"; and with the conver- 
sion of jS-silicon to y-silkon between 
435" ami 440". Both changes are 
reversibh*. The electrical conductivity of silicon is thus an e^iccption to tlic 
general nile that the modification most stable at the higher temp, has t^e smallest 
electrical resistance. F. Fischer and E. Baerwind found the sp. gr., and the«thermo- 
electrie jmwer of the su])poscd modifications are indej)endent of the rate of cooling 
and are not, therefore, likely to belong to allotroju's. The negative variety can 
be converted into the positive form by fusion in a vacuum cathode furnace, and it is 
not tli^refore an effect of aluminium. The negative variety is supposed to be a solid 
soln. of a small quantity of the oxide in silicon. J. Kdnigsberger and J.»Weiss gave 
12 r) XlO~® ohms for the sp. resistani’c of silicon at 30°. E. Thomson made 8«ne 
observations on this subject. K. Hdjeudahl examined the theory of the conductivity 
of silicon based on the electronic theory. P. W. Bridgman found the rcsfetance of 
silicon decreases under press., but the press, coeff. beconqes less the higher the })re88. 
At 0°, the total dec£ea8e under a press, of 12,000 kgrms. i)er sq. cm. was 14'0 per 
cent., and at 52"^, 15 8 per cent. ; another sample gave 101 per cent, at 0° and 15 3 
per cent, at 95°. The average t-emp. coeff. of one sample was -j 0 000117 between 

and 52° ; and of another ■f0 0(XX)fil5 between 0° and 95°. The temp, coeff. 
*is much more susceptible to impurities than the press, coeff. He estimates that 
for pure silicon the press, coeff. of the resistance will be of the order — 0‘000012 
when the prens. is ej^ressed in kgrms. per sq. cm. This coeff. is high, being nearly 
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the same as that of leaij. The use of silicon as a crystal detector in wireless tele- 
phony— carborundum, 5. 39, 18, has been discussed by R. C, Hartsough,® 
L. S. McDowell and F. G. Wick, and F. Fischer and E. Baerwind. 

A. Iljeff 10 found the Thomson effect at 0° and 100° to be negative ; J. Kdnigs- 
bcrger and J. Weiss found the thermoelectric !(ffce of silicon against copper 
be iVSxlO^o volt per degree. C. Benedicks found for copper against silicon 
608 microvolts, the largest value so far discovered. Fo? F. G. Wick’s obsfervatiofis 
on the srlicon-lcad couple, vide lead. The General Electric Co. patented the 
Cur-Si thermocouple for pyronietric work ; it gave 415 microvolts per degree. 
F. Fischer and co-workers found that some spjjcimens of silicon are '‘positive to 
copper, and others »s strongly negative, and a thermocouple composed of the two 
varieties may have a,thermoelcctromotive force as high as 820 microvolts per 1°. 
The two varieties do not differ characteristically in electrical conductivity ; but 
the difference is due t6 the presence of silica. Melting silicon in contact with 
magnesias, lime, or alumina renders it positive^, silica being removed. On the 
other hand, melting silicon so 'that a p^rt of it burns and the oxide thus formed 
dissolves, ' renders it negative. According to K. Honda, the sp. magnetic 
susceptibility at 18° is —()• 123x10“® mass units for a sample of crystalline silicon 
containing 0200 per centj^ of iron as impurity; and —0143x10“® for a sample 
with 0‘085 per cent, of iron. Thc.se constants wen; not affected by variations of 
temp. S. Meyer gave -fO'OlxlO"® at 16°, and for another sample -fO’2xlO^®. 
A. Duvillier, and B, (Cabrera studied the relation between the magnetic properties 
and the electronic structure of the silicon atom. 
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§ 6. The Chemical Properties of Silicon 

Silicon, carbon, and boron form a .small group of elements which exhibit 
allotropi.sm, pr(‘,.sumably owing to high mol. comi)lexity. This i.s evident by the low 
volatility of those elements even at high temp., and by their low chemical activity 
tnwanls n-agents generally. Silicon is feebly electronegative, and ha.s a greater 
tendency to form comj)ounds with the non-metals than with the metals. Silicon 
lies next to ('arboii in the fourth grou]) of ehmients in tlie ju'riodic table, but the 
relationship to carbon is not very elose. Silicon beliaves as a (piadrivalent'ekpnent, 
although there are a k‘w cases which it appears to he bivalent- ^vidc infra. Ac- 
cording to E. Vigouronx,! ami E. Wilke-Dorfurt, as previously stated the diifercnco 
between the so-callAl antorphous and crystalline silicon is due to the finer state of 
subdivision of the former. In consequence, the former ap})ears to t),e more chemi- 
cally active, but a similar siato of activity can be obtained by the mechanical 
comminution, of cry.4alline silicon. H. Moissan and S. Smiles made a silicon of 
great reactivity by passing spkrks through liouofied silicon hydride. The product, 
for example, reduces a soln. of cupric sulphate slowly at ordinary temp,, and 
rapidly when boiling | at 5(f -60 , it reduces a soln. of mercuric chloride to mercurous 
chloride , and it reduces a boiling soln. of a gold salt. These reactions are not given 
by sili(H)u prepared in the ordinary way. X-radiograms of amorphous and cryvstal- 
line silicon show no difference in structure. The greater reactivity of the pseudo- 
amorpluvis form is due to its extremely finely divided state. According to 
V:. Manchoi, when rubbed with lead dio^de, the pseudo-amorphous form takes 
fire, the. crystalline form gives no reaction. 

According to E. Vigouroux, amorphous silicon readily absorbs hydrogen and 
many other gases, iiiclqding water-vapour, from which it can be freed only by 
heating to redness. Both amorphous and crystalline silicon were found by 
E. Vigouroux, and A. Dufour to react with hydrogen at^a high temp., although 
C. Friedel had previously failed to obtain a positive result at the temp, of the electric 
arc. J. J. Berzelius said the silicou-a which ho made hums with a vivid flame 
when slightly heated in air ; only about one-third of the silicon is burnt, however, 
since the remainder is protected from the air by the silica fomied ; aBout two- 
fifths is burnt under similar conditions in oxygen. On the c^her ha"d, the silicon-j3 
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can be heated white hot before the blowpipe without taking fire. •From the 
evidence, it appears as if the former were really an alloy of potassium and silicon, 
and tha*t the potassium had been expelled from the latter by ignition in a doped 
vessel. In either case, probabl}% much silica was also present. J. J. Berzelius 
contitued that silicon which has been rendered coherent by gradual exposure to 
a white hiat does not take^fire at a red heat in air or in oxygen. W. Hempel 
ind H. von Haasy observed no oxidation ip air at 150°. G. Tammann saichthatThe 
observed no increase in weight after heating crystalline silicon in air for 10 mins. ; 
3ut after 5 mins, at 1 100°, there was a 3 per cent, increase in weight. H. St. C. Deville, 
and F. Wohler said that crysUlliife silicon can be heated to whiteness in oxygen 
mthout change. This is not quite right. According to B. Vi^uroux, silicon is not 
changed in warm air, but it is attacked superficially when heated to 400° in oxygen. 
\j. Weiss and T. Engelhardt said that silicon is not oxidb^d by oxygen at 700°. 
N. B. Pilling and R. E. Bedworth investigated the oxidation of silicon. E. Vigouroux 
found that silicon burns in oxygen provided the tempi bo raised to the ignition point 
very quickly before a protective crust of silica has had time to form. Jn order 
to do this, there should be a rapid current of dry oxygen, and the silicon ^nely 
divided. If the powder be projected into a red-hot cruciWe, each grain scintillates 
for a moment, and this also occurs when the powder is passed through Bunsen’s 
flame. This incandescence is duo to an incomplete, superficial combustion. The 
surfaces of the grains become white, and the silica can be removed by washing with 
hydrofluoric acid. L. Weiss and T. Engelhardt found that water at ordinary temp, 
is decomposed by finely divided silicon ; and E. Wilko-Ddrfurt observed that 
silicon is oxidized by water boiling under a reflux condenser, and in an atm. of 
carbon dioxide. H. Moissan and F. Siemens said that amorphous silicon does not 
decompose water in a platinum vcjssel, but in a glass vessel, at 95°, an appreciable 
decomposition occurs in 6-12 hrs. This is due to the presence of alkali dissolved 
from the glass, and tlm acition occurs in a platinum vessel if the water contains a 
trac'.e of alkali. E. Vigouroux found that at a bright red heat steam is slowly decom- 
posiid by silicon: 8i-l- ‘2ILO— Si 0 . 2 -f 2 H 2 ; at a higher temp., the decomposition 
is fas{ij*.r. The reaction is rapidly inhibited by the protective action of the crust of 
silica formed on^hc silicon. , 

II. Moissan found that fluorine attacks silicon at ordinary temp,, avec une vive 
iricamlescencey and the heat of the reaction melts the silicen ; but H. Moissan and 
J. Dewar obsyved that liquid fluorine is wjj-hout action. J. J. Berzelius found 
that when ignited amorplioiis silicon is heated in chlorine it ignites and burns 
completely to form silicon chloride ; W. Hempel and H. von Ha^sy said that 
silicon unites with chlorine at 340°-.350° ; L, Gattermann cftid K. Weinli^ worked 
at 300°-310° in preparing silicon tetrachloride. F. Limmer said that coinrpercial 
amorphous silicon is attacked by chlorine less readily than crystalline silicon, pre- 
sumably because the former is contaminated with much more silica. E. Vigouroux 
said that combustion with incandescence occurs at 450° with chlorine ; at 500° 
with br(5mine ; and not at all with iodine ; but at a red-heat iodine reacts sans 
incandescence visible. Ih F. Spielmann found that boiling bromine has po action 
on graphitoidal silicon ; and A. Bessqp observed that iodine chloride and iodi^ 
bromide form the double halides {q.v.). In all cases where silicon reacts with the 
halogen, the corresponding halide is produced. The heats of reaction with*ory8tal- 
line silicon are : 

^ ^iHfgaa SiFiggg SiCl^gas BiBr4iiquid SRiSoUd 

Cals. . . *24-8 239-4 121-8 71-0 6'7 

A-ccording to E. Vigouroux, G. S. Newth, and W. Hempel and H. von Haasy, 
giseous hydrogen fluoride attacks silicon at ordinary temp., forming silicon tetra- 
fluoride. *H. BuS and F. Wohler, and A. Besson obtained with dry hydrogen chloride 
at a red heat,* a mixt*ure of silico-chloroform, SiHCls, and silicon tetrachloride, 
SiCl 4 ; L. Gattermann and K, Weinfig worked at 450°-500° for making silico-chloro- 
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form. E.-Vigouroux ftiund that analogous reactions obtain with hydrogen bromide, 
and hydrogen iodide. According to A. Duboin and A. Gautier, when a ^xture 
of silicon and alumina is h(*ated with hydrogen chloride, a mixture of silica and 
aluminium chloride, but not silicon chloride, is formed ; and generally, mixtures 
of alumina with boron, silicon, or carbon behave similarly towards hy^^ogen 
chloride. J. J. Berzcdius’ silicon-a was stated to dissolve in hydroflUoric 8Wd 
wif li thf! evolution of hydrogen, while his silicon-j8 wis not attacked by this acid. 
A form of silicon soluble in liydrofluonc acid was prepirod bv H. Moissan and 
f. Siemens, W. Manchot and co-workers, and by P. •Leoeau—vw/c supra. 
V. Eggertz found that the silicon which crystaMizip from many kinds of cast iron 
is soluble in hot liydroiluoric acid. H. St. C. Deville, F. Wohler, and H. Moissan 
irporti'd that ordinary crystalline silicon is not attacked by hydrofluoric acid. Auc^n 
ucida dimnis ou liquvl(^ ngmant isoUment, said E. Vigouroux, rCatUuiue le silwium 
Dil. or cone., cold or boiling hydrofluoric acid or hydrochloric acid is 
without action ; and under similar conditions neither sulphuhc acid nor nitric add 
has any 4 iction. J. L. Gay Lussac and if. J. Thenard, and J. J. Berzelius found that 
amoi^)houa silicon is dissolved by a mixture of nitric and hydrofluoric acids ; and 
If. St. (J. Ihiville, F. Wdldcr, and H. Moissan obtained similar results with crystalline 
silicon. P. E. Spiidmaim said that commercial graphitoidal silicon is not attacked 
by a mixture of sulphuric and hydrofluoriic'. acids. E. Vigouroux found that bydro- 
tluoric acid mixed with some oxidizing agents -c.^. nitric acid, potassium chlorate, 
potassium nitrate, etc.-— or nitric acid mixed with some fluoride— e.^. potassium 
fliioriih', etc. -attacks silicon at ordinary temp. A mixture of fuming nitric acid 
and potassium chlorate has no action on silicon. J. J. Berzelius said that the 
silicon is not changed by fused potassium chlorate. Probably the violent reaction 
occurs when the mixture is heated rapidly. Cold aqua regia is without action ; 
at KK)'’ hydrated silicon dioxide is formed. Many of the metal fluorides, chlorides, 
bromides, and iodides are decomposed when heated with silicon— c.^., at a red heat, 
silver fluoride gives silver and .silicon fluoride ; 8i l-4AgE -8iF44-4Ag, and similarly 
with lead and zinc, fliioridi's ; according to E. Vigouroux and F. Diicelliez, potassium 
hydrofluoride gives a. mixture of ]>otassiuin fluoride and fluosilicate : Si-4-4KIlF2 
-2KF-j 211.2 |-K.^SiJ'(j. ^^<'vy found that with titanium chloride, at a high 

temp., arborescent crystals of* titanium silicide arc formed. In other cases, with 
an excess of silicoiif anchat a high temj)., a siliidde may be formed. According to 
A. Bes.son, sulphur chloride, SCI 2 , at a reil heat forms siliiion tliiochloride, SiSCl 2 ; 
and sulphuryl chloride, SO.d^^, at* a red-hoat, forms silicon tetrachloride and 
sulphur dioxide. H. Moissan and P. Lebeau found that sulphuryl fluoride, SO 2 F 2 , 
acts in an analogous manner. A. Ditto found tliat amorphous silicon reacts with a 
conc.nq". soln. of iodic acid at 250“ lilierating iodine, and forming hydrated silicon 
dioxide ; crystalline silicon reacts more slowly than amorphous. 

J. J. Borzeliui:^ said that when silicon is heated in the vapour of sulphur, or 
when sulphur vapour is passed over silicon at a white heat, the combination is 
attended by incandescmicc and silicon sulphide is formed. E. Vigouroux «aid that 
the reaction begins at 600“ ; G. J. L. de Chalmot, at W. Hempel and H. von 
JIaasy sludied the reaction. According tg E. Vigouroux, hydrogen sulphide at 
400°-50()“, or at the temp, of its dissociation, has no appreciable action on silicon, 
but at h\ elevated temp, silicon sulphide is formed. P. Sabatier found that at a 
dark red heat, hydrogen selenide forms silicon selenide. E. Vigouroux did not 
observe any appreciable reduction of sulphur dioxide by silicon at 1000“. For 
the action of sulphuric acid, vide supra. E. Wilke-DMurt'' found that at an 
elevated temp., sulphuric acid is reduced by silicon to sulphur, and silicon dioxide 
is formed, but E. Vigouroux found that the boiling cone, acid has no action. 

According to E. Vigouroux, H. Funk, and P. Sohiltzenberger and A. Colson, 
nitrogen reacts with silicon at about 1000“, forming the nitride. The reaction was 
studied by L. Weiss and T. Engelhardt, H. Funk, and R. Formals ; th^ former showed 
that the reaction begins at ab^jut 1300°, for the increase in weight, tff gnn. per 
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gram, which occurs when silicon is heated* in nitrogen at for 30 mins., is as 
follows : 

$ . * 1240 “ 1296 “ 1300 “ 1 ; 110 “ 1320 “ 1400 “ 1480 “ ‘ 

w ^ . 0*0001 0-0001 0-0061 0-0002 0 0014 0-0049 0-0061 

^t*a bright red heat, E. Vigouroux found that ammonia reacts with silicon, 
forming tRe nitride, and hl^rating hydrogen. Aq. ammonia has no action hn 
silicon. The nitrogen dddes — NoO, and NO — are vigorously reduced above 
800°. For the actJbn^of nitric acid, vide supra. P. Lebeau said that nitric acid 
(1 : 1) at tOO^ does not attack \erf finely divided silicon ; nor did E. Vigouroux 
observe any*reaction with the boiling fuming acid. W. Manchof found nitric acid 
attecks silicon in a soln. of silicon in silver. The slowly-coolf^d. insoluble silicon 
inflames in contact with cold nitric acid. No chemical actiyn occurs when silicon 
s heated in contact with phosphorus, arsenic, or antifUony at the temp, a^ which 
these elements are distilled ; and 6it a red heat, phosphorus pentoxide, arsenic 
triozide, and antimony triozide are rechiced by silicon. L. Kahlenb^rg and 
\V. J. Trautman observed no reduction with arsenious or phosphoric oxides, but 
they found antimony trioxide and bismuth triozide were reduced by silicon. 
M. Wunder and B. Jeannerct found that after 3 hrs.’ treifcment with phosphoric 
acid of sp. gr. l-Tf), at 230°, silicon dissojvcs, forming a colourless liquid with a 
»elatinou8 substance in suspension. Any carbon pre.seut nnnains undis- 
iolved. 

H, Moissan and A. Stock, E. Vigouroux, and 0. P. Watts found that boron 
mites with silicon at a very high temp., forming silicon boride (q.v.). J . J. Berzelius 
aid that molten boric oxide, or borax, has little or no action on silicon. For the 
ction of carbon on silicon, vide the carbides. H. Moissan found that molten silicon 
t 1200 -1400° di8.s,)lves carbon. K. Nischk studied the affinity of carbon for 
ilicon ; and G. Tammann and K. Schonert, the diffusion of carbon in silicon, 

•. Schiitzonberger and co-worker.s found that carbon monoxide is slowly absorbed 
y silicon at a white In-at, forming a silicon carboxide, and if oxidizing gases 
re excluded .silicon carbide i.s formed. E. Vigouroux found carbon raonoxid(‘, 
not Attacked by silicon at 12(X)° ; but carbon dioxide ij reduced to carbon 
lonoxide at 8(Ht-l(KX)°. P. Schiitzenberger ami* A. Colson found that at a 
bite lieat carbon dioxide is absorbed by silicon, fornwing silicon carboxide ; 
they also found that silicon, in an atm. of cyanogen, forms silicon carbonitrido. 
A. 0. Vournasof found that at a white heat a fnixture of carbon and silicon, in an 
atm. of nitrogen, formed sodium formate, which gives nasccuit hyjjrogen when 
[heated, does not react with silicon. • 

Silicon disiiolves in many moltcft metals, forming silicides — vide injra^ In 
general, the affinity of silicon for oxygen exceeds that of tlie other metals cxcejiting 
those of the alkalies and alkaline earths, boron, and aluminium. Accordingly, 
a great many metal ozides are reduced by silicon at a high temp. Some metal 
sulphides^behave similarly. E. Vigouroux reduced the oxides of copper, mercury, 
till, lead, bismuth, manganese, and iron by heating them with silicon ; the reaction 
is sometimes attended with incandescence. C. Winkler obtained lead sificate 
heating lead oxide with crystalline silicon. 11. N. Warren also reduced the oxides 
of lead, chromium, molybdenum, and tungsten by heated silicon. Gh Tammann 
reduced metatitanic acid to a lower oxide by means of silicon at an elevated temp. : 
2TiO{OH)2-}-Si=Si02+H2+H20-fTi203. Anhydrous titanic oxide, Ti02, and 
the hydrated oxides «Qjt sOicon, zirconium, and thorium, are not affected. 
H. Moissan found that molten calcium oxide reacts with silicon, forming a basic 
! calcium silicate. L. Kahlenberg and W. J. Trautmann, and H. Goldschmidt 
reduced barium oxide by heating it with silicon ; but not so with caldnm, 
strontiom, bersdliom, magnesium, or aluminium oxides. Lithium carbonate is 
slightly reduced. J. J. Berzelius found that a vigorous reaction occurs when 
amorphous silicon is mixed with potassium or sodium hydroxide and heated to 
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the m.p., hydrogen being evolved ; the reaction is feebler with barium hydroxide, and 
feebler still with calcium hydroxide. H. St. C. Deville said that crystalline silicon 
is slowly attacked by fused potassium hydroxide ; C. Winkler said that the attack 
is rapid. F. Wohler, and H. Moissan and F. Siemens, and H. Moissan and A. Stock 
found that a soln. of potassium or sodium hydroxide attacks crystalline silj^cfti in 
the cold, and when warmed silicon is slowly dissolved with the evolution qi hydroigen 
-wZei. 7. 2. , ^ , 

According to J. J. Berzelius, when a mixture of amorphous silicon and an alkali 
carbonate is heatc'd, a vigorous reaction attended by incandescence occurs, carbon 
8e])arates and carbon monoxide is evolved, anJ’the smaller the proportion of alkali 
cari)onate, the lower the temp, of the reaction ; with a large proportion of alkali 
carbonate, the reaction occurs without incandescence and without the separat'ion 
of carbon, but with the evolution of carbon monoxide. H. St. C. Deville, and 
F. Wohler also found crystalline silicon reacts with incandescence with alkali car- 
bonat (38 wlam heated, fornung carbon, carlJbn monoxide, and alkali silicate. 
E. Vig^teiroiix said that amorphous silicbn reacts with the alkali carbonates, in aq. 
8oln«, or in a molten state, forming silicon dioxide, or silicate. J. J. Berzelius said 
that amorphous silicoiiris slowly attacked by fused potassium nitrate and gases 
are evolved ; E. VigouA)ux also said that potassium nitrate at its temp, of decom- 
position reacts with amorphous silicon. F. Spielmann said that fused potassium 
nitrate does not attack commercial graphitoidal silicon. As a rule, mixtures of 
silicon with oxidizing agents— lead chromate, potassium dichromate, etc. — 
react vigorously when heated to redness. L. Kahlenberg and W. J. Trautmann 
found that various chromates arc reduced by silicon ; the molybdates and 
tungstates are oidy partially nHlucid ; silver, mercury, chiromic, copper, lead, and 
stannous oxides are. nuidily reduced ; not so with stannic oxide. Tungstic and 
molybdic oxides are. reduced to the lower oxhh^s, Imt not to the metal ; lead sul- 
phate and lead chloride are reduced to the metal, lead borate reacts with silicon, 
hut no m(‘t.al globuh's were formed ; boric oxide is not reduced by silicon. 
E. Vigouroux found lead sulphate, and calcium phosphate are reduced by silicon 
when heat(!d. According to B. la'bcau, a 10 per cent. soln. of cupric chloride, 
ammonium or potassium cupric chloride, cupric sulphate, chromic acid, or ferric 
or ferrous chloride do(\s mh, attack amorphous silicon. L.' Kahlenberg and 
W. .1. Trautmann also <*\amim‘d the reactions (d silicon with many inorganic salts. 
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^ 6. The Atomic Weight and Valency of Silicon 


According to D. I. Mendoleeff,i “ the composition juf silica has been the subject 
of the most contradictory stuteme^its in the history of science,” and .1. (1 G. de 
Marignac could say that il n'y awun corps simple dSnt le poiils atomiqne off re plus 
d'incertitiuie que le silicium. Near the beginning of the nineteenth c('ntairy, tlie 
com})0.sition of silica was variously represented ; • 


sin or SijO^ 

S1<| 

SiO 

11 

28 

■12 

t 7 

14 

21 


Differences of opinion grouped mainly about SiO^ and SiO;j as tlu* best rt*.presentative 
formula) for silica. J. J. ilerzeliiis’ analyses showed that eight parts of oxygen by 
weight wore united with seven parts of silicon, and at first the formula was written 
SiO. The formula SiO was propo.sed by T. Thomson, and was supported by 
J. B. A. Dumas, and J. J. Ebelnieii from arguments 8Ugge.sted by the constitution 
of the silicic enters. N( satisfactory guide to the selection of the at. wt. was avail- 
;able before Avogadro s hypotln'sis had been recognized as a criterion. The signifi- 
Icaiice of J. B. A. Dumas’ determination of the vap. density of silicon tetrachloride, 
Imade in 182G, was not recognized by J. B. A. Dumas himself even in 1857, for he 
[then gave the formula HiOg, whereas the vap. density of the tetrachloride, 5’94: 
(air unity), corresponds with 29 7 as the smallest unit of sili‘!on present in this 
compound. J. ,f. Ebelmen’s work on tlie ethyl silicates couhf not be satisfactorily 
interpreted when the formula of silica was assumed to be ^i03,,for the ratio of the 
oxygen in ethyl oxide to the oxygen in the silica in these compounds is as 1:1, 
1 : 2, and 1:4? J. J. Berzelius’ analyses of i^arious silicates showed that the ratio 
of oxygen in the base to the oxygen in the acid commonly varied from 2 : 1 to 1 : 3, 
and he accordingly argued that in the trisilicates, where ^he ratiif is 1 : 3, the 
potassium oxide and alumina are miited with silica in the same way that the 
potassium oxide and alumina are united with sulphur trioxide in the alum^. By 
analogy, therefore, the formula! for felspar and alum were considered to be similar : 


Alum .... KjO.SO 3 i AI,G,.38O3-l-24H.i0 
Felspar . . . KjO.SiOa-pAljO .,.38103 


The argument is not valid since the trisilicates are not normal salts of silicic acid, 
but rather acid salts, because they coiftain the largest proportion of acid to bas*^ 
and are usually found in nature side by side with free silica, H. Kopp based 
an argument for the formula SiOg on the volatile chlorides and bromides’. The 
differences between the b.p. of chloroform, CHCI3, and brom^dorra, CHBrs, is about 
96° ; there is a similaik difference between the b.p. of phosphorus trichloride, PCls, 
and tribromide, ^Br^ ;* and between silicon chloride and bromide, hence the 
formulae of the latter should be SiCl3 and SiBr3 respectively, corresponding with 
the system of chemical equivalents theju in use, and with Si203 for silica. 
H. Kopp, however, later showed that evidence of this kind is quite unreliable 
because the difference of 32° per atom of chlorine displaced by bromine is not 
general. J. I. ?Pierre prepared what were regarded as a number of chlorosulphidcs 
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by the action of hycJrogen sulphide on silicon chloride, and he considered that 
the results were best interpreted on the asuraption that the formula of silica is 
SiOg, but he mistook silicon trichloro-hydrosulphide, SiClg.SH, for SiSCl2.‘' 

II. Rose studied tlie action of silica on fuse4,sodium carbonate, and he showed 
that an eip of silica displaced an eq. of carbon dioxide if the formula of si^ch be 
SiO^, while if the formula be SiOg, I'b eq. of carbon dioxide are displaced. iThe 
erroneans assumption was made that the eq. of carbon dioxide evolved is equal 
to the eq. of the silica added. He found the assumplion that the formula of 
silica is Si02 to give the simpler results. If the same argument were applied to 
niobic and tantalic acids an erroneous conclutfeom might be obtained because the 
amount of carbon'dioxide expelled really depends on the temp. ; indeed, as showing 
the unreliability of'the argument, T. Scheerer concluded that the formula is Sitlg 
from his observations on the behaviour of silica towards the alkali carbonates ; 
he considered that the silicates could be better represented by regarding silica as 
8iO;j than as Si02. F. von Kobcll, in 1871, aiRl F. A. Quenstedt, as late as 1877, 
sujqioi tcd T. Scheerer in this respect. Yorke’s experiments led him to conclude 

that there are at least two silicic acids with different eq. M. A. Gaud in arguing 
from (i), the vapour densities of silicon chloride and fluoride ; and (ii) the analogies 
which silica bears to ttanic and stannic oxides, advocated the formula Si02. 
0. B. Kuhn, A. Wiirtz, C. Weltzien, arj^d L. Gmelin favoured the formula Si02 ; 
and P. Einbrodt compared the results obtained by representing the composition of 
the minerals by silica considered as SiOo and as SiOg, and claimed that the former 
gave the more advantageous results. He also enipha.sized the evidence in favour of 
this formula derived from the vapour densities of the silicon halides, and from the 
displacement of carbon dioxide in the carbonates by silica. J. C. G. de Marignac, 
in his memoir : Sur V iso morphime des fiuosilicates et des jiimlanmies et sur le 
-poids alomique du siliemm., showed that the sp. ht. rule could not be used to estimate 
t he at. wt. of silicon because of the variability of the sp. ht. with temp, and allotropic 
state. He explained the isomorphism of the liuostannates and fluosibcates, by 
assuming that the formula for silicon fluoride is SiF4 analogous with SnF4 for stannic 
fluoridi^. He later showed that the fluotitanatcs and fluozirconates should be 
included in the same isomorphous series. These conclusions were confirmed by the 
work of C. Fri(‘del aird co-workiirs on the volatile compounds of s^ilicon and carbon 
— vide infra in conuj'ctiop with the silicon hydrides. F. S. Kipping obtained evidence 
of the formation of a silicon hydrocarbon, Si(CoH5)2.8i(CoH5)2.Si(CoH5)2.Si(C6H5)2, 
in which two of the four silicon atohis may be tervalent. * 

Silicon is now regarded as a quadrivalent element, and the formula of silica is ' 
accordingly bipresented by Si02, bt‘cause of (i) the vajiour density of the volatile 
silicon Compounds— Avogadro’s law ; (ii) tlrtj at. ht. determined by H. F. Weber 
at approximat<'s to Dulong and Petit’s rule ; (iii) the isomorphism of the 
complex fluorides of silicon, titanium, zirconium, and tin — Mitscherlich’s rule ; 
and (iv) the position of silicon in the periodic table in the fourth group between 
carbon and titanium, and in the second horizontal series between aluminium and 
phosphorus, is particularly suited for an element with the properties possessed by 
silicon. 'Theie are very few compounds in which silicon is said to exhibit a 
Valency lower than that of a tetrad, W.’ Barlow and W. J. Pope inferred from 
the absence of isomorphism between silicon and carbon compounds, and the 
similarity on the morphotropic behaviour of silicon with the bivalent elements, that 
carbon is unique in posst^ssing a fundamental valency as large as 4, and that silicon 
is essentiaHy bivalent. G. Jerusalem supports this hypoikdam-^^ vide 1 . 5, 18. 

J. J. Berzelius determined the amount of oxygen required to oxidize the impure 
amorphous silicon which he had prepared, and from this ho calculated that the 
at. wt. of silicon — translated into modern units— is 19‘6 ; and he later obtained 
the values 26*3, and 29*0. In a table published in 1814, ho gave the at. Wt. 32*46 ; 
and 1815, 23-11. ‘ ^n 1811, F. Stromeyer, also working with an injpure sample of 
silicon, obtained 27*25 Between 1815 and 1826, J. J. Berzelius analyzed hydro- 



fluosilicic acid, by converting it into the barium salt, and obtained 29*6. He 
obtained 31*3 to 31’6 as a result of the analysis of aluiniiiiiini silicate ; and 29 63 
by the Oxidation of a sample of silicon purified by washing with hydrofluoric acid. 
T. J. Pelouse, J. 13. A. Dumas, apd J. Schiel decomposed silicon tetrachloride by 
wa1fe%; the first two determined the liberated hydrochloric acid by titration with 
standard Jlver nitrate, and the last, by precipitation as silver chloride. From the 
ratio SiCl4 : 4Ag, T. J. Peloufe obtained 28*39, J. B. A. Dumas 28*09, and O^Honig- 
schmid and M. Steinheft 28*105 ; while from the ratio SiClj : 4AgCl, J. Schiel 
obtained 27*96. 3. St. C. Deville transformed silicon into alkali silicate, and from 
the ratio K2O : Si02, obtained 30'4 for the at. wt. C. Winkler likewise heated silicon 
with (i) potassium hydroxide, (ii) sodium carbonate, and (iir) an aq. soln. of 
potassium hydroxide, and obtained values varying from 28*9 to 29*4 for this con- 
stant. The above determinations may be considered to conclude the older and less 
reliable determinations of the at. wt. of silicon. According to T. E. Thorpe and 
J. W. Young, the only reliable values for the at. wt, of silicon are based ufon the 
analysis of the silicon halides which ajijieaFto be the most suitable of all compounds 
of silicon for at. wt. determinations when suitable prei’aulions are taken ; they 
showed that colloidal silica interferes with the titration of hydrobromic acid fli the 
liquid obtained by the decomposition of silicon tetrabronlule in water ; and they 
determined the weight of the silica produced in the reaction, and calculated the at. 
wt. 28*385 from the ratio SiBr4 : Si02. Similarly, W. Beck(‘r and J. Meyer obtained 
28*225 for the ratio SiCl4 : SiOo. U. P- Baxter and co-workers analyzed silicon 
tetrachloride and silicon tetrabromidc and obtained consistent values agreeing with 
28*063 to about one part in two thousand. In another sot based on the analysis 
of the tetrachloride, 28*111 was obtained. A. Stock and E. Kuss obtained 28*15 
by using the reaction SiH4-f-2NaOII— Na2Si03-f 2H2. The International Atomic 
Weights Committee use 28*3 as the best representative value for the at. wt. of 
silicon. B. Brauner calculated 28*3 for the best representative value, and 
i F. W. Clarke, 28*25. F. M. Jiiger and D. W. Dijkstra found no dilTorence in the 
j general properties of terrestrial and extraterrestrial silicon from meteorites, and 
hence inferred that the ratio of the isotopes must be the same whatever be the origin 
of the silicon. 

H, von Juptfier found the mol. wt. of silicon disfsolved in fron corresponds with 
a jseven-atom mol. The ellect of silicon on the f.p. of copner shows that in molten 
copper the raol. of silicon is possibly monatomic. The formation of silicide may 
spoil the inferences. E. Kutherford and J. ^fliadwick obtained evidence of the 
emission of long-range particles when a-particles act on silicon ; but G. Kirsch 
and II. Pettersson obtained evidence of the emission of hyilrogen jiticlei by bom- 
barding silicon with a-rays ; L. F. Bates and J. S. Kogers made observations on 
this subject. According to F. W. Aston, silicon furnishes three isotopes* One of 
at. wt. 28, and the others of at. wt. 29, and 30. K. 8. Miilliken obtained evidence 
of the two isotopes in the band spectrum of silicon nitride. 

8. Bit)wn * assumed that the silica in plants is derived from the transmutation of 
carbon into silicon by the plant ; J. J. Berzelius, however, attributed the appearance of 
this element to the slight solubility of silicic acid in the water taken in by^tho reots of the 
growing plants. S. Brown believed tha% wlion pnraoyauogeii is heated out of coriti^ 
with air, alone or in contact with [lotassium carbonate, platinum, or other substances 
having a strong attraction for silicon, its nitrogen atoms pass away unchanged, 'yhile its 
carbon atoms unite together and fonn silicjon. U. J. Knox argued that the nitrogen is 
the source of the silicon in S. Brown’s exiienment ; ho regarik’d nitrogen as a cornpoiuid 
of silicon and hydroge^i because he obtained silicon under similar conditions to those 
described by S. Brdwn, lAit W'ith substances containing no carbon — e.gf. potassium amide, 
KNH„ w'hieh he called “ ammonia-nitrurot of potassium.” G. Wilson and J. C. Browm 
obtained silicon in a number of caises under conditions which they said ” preclude the 
possibility of its being derived as an impurity or accidental ingredient from the vessels 
or materials or reagents made use of.” T. Gross thought that he had transformed silicon 
into carbon by the electrolysis of an aq. soln. of an alkali silicato between silver electrodes. 
Subsequent ob^rvations by J. D. Smith and R. H. Brett, etc., have failed to establish 
these results ; n no silicon bo present in the system, none is formed. 
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§ 7. The suicides of the Alkali and Copper Families o! Elements 

The binary compounds of silicon with the electropositive elements, more 
particulaily t^e metals, are called silicides. Their chemistry attracted but little 
attention until H. Moissau investigated thek formation in the electric furnace. A 
few can be prepared at low temp., and many are found as metallurgical by-products. 
There appears to be a somewhat similar relation between the carbides and silicides to 
that which subsists betwiicn carbon ami silicon. Many of the methods of prepara- 
tion of the carbides can be employed for the silicides ; the m«8t important methods 
depend on (i) the direct union of the elements at a higli tem'p. E. Vigouroux 
said that the alkali metals, zinc, aluminium, lead, tin, antimony, bismuth, gold, 
and silver do not combine directly with silicon even in the electric furnace ; while 
iron, chromium, nickel, cobalt, manganese, copper, and platinum combine, directly 
with silicon to form crystalline silicides. (ii) The reduction of the metal oxide by 
silicon ; (iii) the reduction of the metal silicate or a mixture of the nfetal oxide and 
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Jca by carbon ; (iv) the reduction by a metal like sodium, magnesium, or aluminium 
I a siliceous compound m presence of the free metal or metal oxide ; (v) the action 
I a silicon halide on a metal ; or (vi) the dissolution of a metal in copper silicide. 
lost of the metal silicides readily^crystallizo ; and they are not so active chemically 
stl^ carbides. Most of them are fairly stable in contact with water—the silicides 
f^lithiu^i and of th6 alkaline earths are alone decomposed by water. The metal 
silicides usually form well-flefined crystals with a brilliant metallic lusti^ ; liiey 
are usually hard, and Jjossess a high ift.p. The silicides are not generally so 
chemically (jetive^as^the carbides. At a dull red heat, when heated in oxygeti, 
the silicides may be attacked sujierficially, or they may resist attack altogether. 
Tlie chemical properties are of course depmdent upon the contained metal ; lithium 
tfllicide, for instance, is easily oxidized. The aluminium, magrUisium, alkaline earth, 
and the alkali silicides arc attacked by dil. acids. 

• 

The following monographs deal with the silicides : (). t/onigsehmid, Karhide uiu^ Silicide, 
Halle a. S., 1914 ; P, Leboau, Lc ^liciurn et scs eonibitunoom artijicieUe», Paris, 1899 ; 
E. Vigouroux, Le ailicium it les mltemrcs iMtaUiqucs, Paris, 1890; H. Moissan, Le four 
ikclrique. Pans, 1897 ; London, 1904. • 

According to J. J. Berzelius,! potassium unites with mlicon without perceptible 
incandescence. The conipound containing a larger proportion of potassium than 
silicon is dark greyish-brown, and dissulv<‘s entirely in water evolving hydrogen, 
and yielding potassium silicate. The compound containing more silicon than 
potassium is obtained by decomposing silicon Huoride by potassium, and it leaves 
a residue of silicon when digested in water. If potassium vapour be passed over 
heated silica, potassium silicide and silicate are formed, and dissolve in water with- 
out leaving any residue ; but if the greater part of potassium be previously expelled 
by heat, the remaitiiiig vitreous mass when digested first in water and then in 
hydrofluoric acid, leaves a little silicon behind. 11. St. C. Deville doubted 
J. J. Berzelius’ inference that he had prepared potassium silicide in these experi- 
ments. He also said : 

The many experiments which I have made with sodium have convinced mo that any 
compilation of this kind docs not exist ; at any rale, the sdicon can retain only a minute 
quantity of sodi^im. 

• • 

C. Winkler also stated that crystalline silicon does not absorb the vapour of 
potassium or sodium either when feebly or strongly heated. 11. Moissan, however, 
said that siKcon is attacked superficially* by the yapour of the alkali metal, 
forming a Utile potassium or sodium silicide as the case may be ; but E. Vigouroux 
found that when aiUcon and sodium or potassium are heated tog^fether in sealed 
tubes, no combination occurs at iemp. up to that at which the alkali met^l 
volatiUzes. No silicide of sodium, potassium, rubidium, or caesium has yet been 
prepared. H. Moissan found lithium sihcide, LieSi 2 , to be formed when silicon and 
lithium are heated in vacuo for 2 or 3 hrs., and finally at dull redness. The excess 
of lithium is removed either by treating the product with liquid ammonia which 
dissolves free lithium as the so-caUed lithium ammonium, or by distilling off the 
free lithium at 400°-500° under reduced press. Lithium sibcicie foims small, 
lustrous crystals of a deep indigo-blift, has a sp. gr. 1*12, and is decomposed i»a 
vacuum above 600° into lithium and amorphous silicon. Hydrogen, aWe 600°, 
yields, with the silicide, lithium hydride and silicon. When warnied in’ gaseous 
fluorine, a reaction takes place with incandescence, producing lithium and silicon 
fluorides ; with qhlofipe, bromine, and iodine, the reaction is similar, but a higher 
temp, is required before it begins. Heated in air, it burns and melts ; in oxygen, 
much light and heat are developed. It reacts with molten sulphur with great 
wigour, a lithium polysulphidc and a sulphide of silicon being formed ; the last- 
mentioaed substance is decomposed by cold water with evolution of hydrogen 
sulphide. Selenium, tellurium, and phosphorus all attack the silicide with pro- 
duction of incandescence. Arsenic and antimony form crystalline alloys only 
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slowly atteckwl hy mM water. Litbim silickie reduces the oxides of ir„n, 

chroimmi, and mau^aiiesc, alloys being ])rodiiecd. When the silicide is placed 

on su/p/mrie acid, it becomes incamlesccnt, hydrogen sulphide is evolved, And sul- 
phur formed. With nitric acid, it reacts explosively, producing nitrogen peroxide 
and silica. With hydrochloric acid, the silicide becomes incandescent and tbsA j.s 
coated with hydrated silica ; at low temp, or when dil. acid is used, a^as span- 
tajKousj^ intiamwablo in air is evolved; it burns with | a very white name and 
de/iosits amorphous silica ; an ethereal soln. of hydrogen chloride has no action 
oft the silicide. The reaction with water is very violent ; a spontaneously 
inhammaJdo gas is evolved, and a soln. of litldani. hydroxide containing silica in 
suspension is obtaflicd. If the reaction is moderated by covering tjie silicide with 
glycerol, pure hydrogen is evolved. With aq. soln. of alkali hydroxides, only 
hydrogen is evolved. It appears that water always decomposes the silicide with 
formation of hydrogen*^ and a hydrogen silicide, ; the latter is decomposed 
by the alkali hydroxides. , 

The affinity of silicon for copper, said*G. J. L. de ('halmot,^ is small, and is less 
than it is for iron, mangani'se, and chromium, nearly the same as it is for silver, 
and perhaps a little less than it is for zinc ; M. Pliilips also said the affinity of 
silicon for cop})er is snLlhir than it is for liydrogen and carbon, and, added 
W, Hainpe, smaller than it is for fluorine^ M. Philips said that the two elements 
begin to react at about 775'^. In 1810, J. J. Berzelius obtained an alloy of copper 
with 2‘3 p(!r cent, silicon, by heating a mixture of silica, carbon, and copper turnings 
in a closed crucible at a white heat ; and in 1823, he made alloys richer in silicon 
by dissolving silicon in molten co})per. According to M. Philips, the production 
of ciiprosilicon, as alloys of copja^r and silicon are called in commerce, from the con- 
stituent elements, using an excess of silicon, docs not give a homogeneous product, 
but if an excess of copper is used, homogeneous alloys can be readily obtained, 
'rhe ready oxidizability of amorphous silicon makes it unsuited for the work. A 
mixture of 100 grins of copper and 20 grins, of silicon gave an alloy with 13 28 per 
cent, of silicon and 85’8 per cent, of copper ; and a mixture of 150 grms. of copper 
and 22'5 grms. of silicon gave an alloy with 87*17 per cent, of copper and ^IP96 
per cent, of silicon ; while a mixture of 100 grms. of copper and lO^grms. of silicon 
gave an alloy with Ob'OD per dent, of copper and 9 02 piu cent, of silicon. The 
copper turnings and powylered silicon were placed with silicon below the copper 
in a graphite crucible and heated to about 1150'^-r250'' for about 2 hrs. The 
mixture was frequently stirred. Tin.* mixture during fusion was cohered with a 
layer of equimolar parts of potassium and sodium chlorides ; borax was found not 
to be so good. Alloys were also made from the constituent elements by 
H. N. Wftrren, W. Hampe, E. Vigouroux, W.*Manchot and H. Funk, H. Behrens, 
K. Nisfchk, and E. Kudolfi. H. Goldschmidt obtained ciiprosilicon in a thermite 
reaction between cupric oxide and silicon. C. Heusler fused copper with siliceous 
pig-iron -“ferrosil icon — removed the two upper layers which formed when the 
molten mass was allowed to stand, and found that cuprosilicon remained at the 
bottom. A. Sanfourche said that it is impossible to prepare alloys with over 12*10 
per cent. *of silicon, and that in consequejicc all formula? professing a higher 
pffiportion of silicon should be deleted from literature. 

As iiidiontod above, J. J. Berzelius obtaiued cuprosilicon by heating a mixtuie of 
copper, carbon, and silica ; Dick used h similar process. W. Fold and U. von Knorre 
made a mixture of copiicr -the eq. nniount of cupric oxide — kj^eselguhr, and sodium 
chloride into briquettes, with tar as a boiul ; tho briquettes were ccfibonized at a dull 
retf heat, and smelted with a flux of quartz and lime ; the resulting alloy contained 8 per 
cent, silicon ; if fluorspar bo u.sed in ploc'o of sodium chloride, the product has 7 per cent, 
silicon. E. H. and A. H. Cowles and V. F. Mabery heated copper with an excess of sand 
and wood charcoal in an electric furnace ; and G. J. L. de Chalmot, and G. Kroupa recom- 
mended a similar process. W. Rathenau heated in an electric furnace a mixtiue of copper 
or copper oxide, lime, carbon, and sand. The products were calcium oarl|ide and cupro- 
silicon. C. Matignon and R. Trannoy heated u mixture of copper silicate and aluminium ; 
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[^0. P. Watts reduced copper ore in presence of a silicate by means of calcium carbide or 
aluminium in an electric furnace ; and M. Philips heated an intimate mixture of cupric 
oxide ^nd silicon carbide for 5 lira, in a coke furnace ; H. St. C. Deville and U. Caron 
heated together potassium fluosUioate, sodium, and copper turnings and obtained an 
alloy with 12 per cent, of silicon ;^nd L. Weiller used a mixture — potassium fluosilicate 
(440^ gloss (600), sodium chloride (260), sodium carbonate (76), calcium chloride (600), 
and calciarn carbonate (60) — intended to produce its own sodium. E. Vigouroux obtain^ 
cdprosilillDn by the action silicon tetrachloride on copper at 1200'"; and A. Diifour 
obtained a red precipitat^ containing coppejr and silicon by passing silicon tefrahydride 
into a soln. of cupric sulphate. 

H. N. barren prepared a cu^osilicon by the electrolysis of molten potassium 
fluosilicate with molten copper as cathode. He thus obtained a brittle alloy of 
the two elements. J. Walter electrolyzed molten potassium silicate, at a temp, 
above the m.p. of cuprosilicon, by using a molten copper cathode, and a carbon 
anode. The potassium silicate can be fluxed by the additioh of potassium carbonate 
or chloride, sodium silicate, etc. •A. G. Betts obtained cuprosilicon as a b]f-product 
by electrolyzing a molten mixture of clay, copper, and alumina sat. with cryolite — 
aluminium formed at the cathode accumulated on the surface of thcl)ath, and 


cuprosilicon formed at the anode collected at the bottom of the bath. * 

Partial observations on the constitution of the copplr-silicon alloys have been 
made by E. Vigouroux, P. Lebeau, G. J. L. de Chalmot, W. Harnpe, and M. Philips. 
The equilibrium tliagram, Pig. 7, was 

obtained by M. Rudolti. He believes that - ^ y - 

only two compounds arc formed, CusSi, 

and €01984 ; and that the latter is pro- /, 5 od‘ - - -- 

duced by secondary changes in the - 

solidified alloy. The compounds reported | ^ ^ / 

by E. Vigouroux, and P. Lebeau are con- / 

sidcred to be eutectic mixtures. The f.p. t;5 / ~ 

curve shows a maximum about and ^ soo'‘ W d* ^ - 1 ' - — 

13 per ceut. by weight of silicon, corre- Cu,iSL P ^ - 

sponding with the compound CuaSi, two ^ Tl_ j 
eutAitic points at 825“^ and 9*8 per cent. n i 

and 800“ and ^8*3 per cent, by weight of ^"ao~^ioo 

silicon, and a break at 849“ and 7*8 per ^ Per cent. $i 

cent, of the same element. A. Sanfourche 7,_.E<,uihbri,.,n Diagram «t Silicon 
believes tli^t €013814 better represents • Copper, 

the formula of E. Rudolfi's tritasilicide. 


Returning to Fig. 7, from 0-4'5 per cent, of silicon, mi^ed crysl^ls separate ; a 
second series of solid soln. from •7*34~8’3 per cent, of silicon are only stable 
within narrow limits of temp. Two reactions take place during the cooling of 
the crystallized alloy : the solid soln. sat. at 7*34 per cent, of silicon decom- 
pose at 815“ -780“ into two other series of solid soln., one of which splits up 
at 710,“ into the compound Cui3Si4 and the solid soln. first mentioned. It looks 
as if there is a misinterpretation of the results in E. Rudolfi’s experiments. 
The results have been criticized by W. Guertler, and A. M. Porte,vin. • K. Bome- 
mann considers the individuality ^f E. Rudolfi’s copper tetrasilicide^ CujgSi* is 
very doubtful. R. Frilley found no signs of it on the sp. gr. curvg of *];ie alloys. 

According to P. Lebeau, commercial cuprosilicon contains large and small 
crystals of silicon, some steel-grey crystals of fenosilicen and a matrix of C0pp6r 
tetritasilidde, €11481; not the hemisilicide, as stated by G. J. L. de Chalmot, and 
E. Vigouroux in 1896. The latter prepared the tetritasilicide by fusing 17 parts 
of silicon and 90 parts of copper in a current of hydrogen, and removing any 
silica from the product by treatment with a 5 per cent. soln. of sodium car- 
bonats. He heated to 1200“ in a stream of hydrogen, 81*74 grms. of copper, 
28’26 grms. of crystalline silicon, and 2(X) grms. of lead, bismuth, or antimony. 
He found tfiat the maximum amount of silicon retained by the copper is about 
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10 per cent., any in excess is present as free silicon ; this amount of silicon corre- 
sponds with the formation of the tetritasilicide ; and in the presence of lead and 
bismuth, the tetritasilicide rises to the surface, but in the case of antimony it 
remains disseminated throughout the mass. E.^Vigouroux passed silicon tetra- 
chloride over copper at 1200' and obtained cuprosilicon with less than 5 per peat, 
of combined silicon ; by repeating the treatment, the combined silicon w 4 s carried 
up to abput 10 per cent. R. Frilley found no sign of this compound on the sp. gr. 
curve. Copper tetritasilicide has a metallic silver- white ai 3 pearance which rapidly 
darkens, becoming first yellow and then brick-red. It is hard, brittle, and easily 
powdered ; the fracture is tin- white and fine-giained ; the sp. gr. is 7 '48 at 0 ° ; 
and that of the fused silicide is 7*58. P. Lebeau gave 850'' for the m.j). With water, 
this silicide develops 4iydrogen ; chlorine attacks it below a red heat ; it is readily 
attacked by warm dil. or cone, nitric acid or by a mixture of nitric and hydro- 
fluoric acids ; but hydfochloiic, sulphuric, or hydrofluoric acid has scarcely any 
action (fh the compound. Hot cone, sulphuric^ acid is coloured blue and silica 
separates ; aqua regia attacks the alloy iitthe cold, and more rapidly when heated. 
Hot alkall-lye has very little action, and when boihnl with a 5 j)er cent. soln. of 
sodiuifl hydroxide, the grains of the tetritasilicide are covered with a dirty grey 
film. If. Behrens said tHat the silicide is attacked l)y a mixture of hydrochloric 
acid and potassium chlorate, and that aq. ammonia prcderentially attacks the 
copper, and a hot soln. i)f potassium hydroxide jirehirentialiy attacks the con- 
stituents rich in silicon. According to P. Jicbeau, this is the only definite compound 
of copper and silicon which can be detected by the (moling curves of the alloys ; 
E. Rudolfi said that, excepting the less definit(; 01119814 , copper tritasilicide, Cu^Si, 
is the only compound shown on the cooling curves. It. Frilley found evidence 
of it on the mol. vol. curve of the alloys. H. St. C. Deville and H. Caron prepared 
this compound accidentally in their study of the action of silicon tetrachloride vap. 
on sodium placed in a copper boat. 


M. PhUipa reportod the fornmtion of copper diheptilasHicide, to bo formed os u 

residue after treating tlio tritasilicide with 20 p»'r cent, potash-lye for 6 hrs. on a water- 
bath. W. Guertler holioves this product to be a mixture. M. Philips also reported e^tpper 
dijjentUcmihctde, Cujbi j, to be formed, but this was not isolated. K. Frilley obtained evidence 
of the existence of thisSiompouiKUon the mol. vol. curve ; and of copjfcr ditnto.nlicide, 
CugSiy a point of inflexion on the sp. gr. curve of the alloys. E. Vigouroux, C. Matignon, and 
G. J. L. die Chalrnot prepared what was regarded u.s copper hnufidieidc, CugSi, by heating 
copper with an excess of sand and wood-charcoal in an eJectric furnace, the crystalline mass 
^proximated CujSij, and when treated with aqua regia gave a residing with' a composition 
^iSi. L. Kahlonberg and W. J. Trautmann rejiorted this compound. E, Vigouroux 
heated a mixture of copper with 10 per cent, silicon m an electric furnace until the excess 
of cooper had volatilized. Tlie steel-grey crystals had a sp. gr. of 6 9 at 18". li. Frilley 
found evidence of this compound os a point of inflexion on the sp. gr. curve ; and of copper 
ailictdc, CuSi, on the mol. vol. curve. E. Rudolfi oonsidei-s that the alleged compound is 
a eutectic. G. J. L. do Chalrnot reported the occuiTenco of copper triheniisilicide, 
CuiSij, in a commercial sample of cuprosilicon. R. Frilley regarded a point of inflexion 
on the sp. gr. curve as evidence of the existence of this compound ; and on the mol. vol 
curve, ho found evidence of copper trirasilicide, CuSi,. The chemical individuality of 
none of these products has been established. 

•'According to W. Hampe, copper with 0*526 per cent, of silicon preserves its 
colour ; F . Rudolfi said the colour with one per cent, of silicon is like that of brass ; 
those with 1*5 to 2 per cent, of silicon are yellowish -red, those with 3*5-4 8 per cent, 
have a pale bronze colour ^ and those with about 5 per cent, are pale bra.ss-yellow, 
or, according to E. H. and A. H. Cowles and C. F. Mabery, greykh-black ; those with 
8 i^r cent, silicon are silver-white ; and those with up to 10 per cent, are silver- 
white with a bluish tinge. H. St. C. Deville and H. Caron say that those with 12 
per cent, silicon have a reddish tinge like bismuth ; and C. Winkler said those with 
20-30 per cent, silicon are grey. H. Behrens said that the microstructure of 
alloys with 0*5 per cent, silicon shows a grey network. W. Hampe said the fracture 
of an alloy with 3*66 per cent, silicon is compact and lustrous ; witl! 6 per cent.. 
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crystalline and pale grey; with 8 per cent., conchoidal; and with 11’7 per cent., 
glassy. Observations have also been made by E. Vigouroux, A. Dick, S. Bogdan, 
ind M? Philips. A. L. Norbury measured the vol. of the solute atoms in solid 
join, of cuprosilicon. The sp. gr. of cuprosilicon alloys have been measured by 
A..%4ick, W. Hampe, G. J. L. de Chalmot, etc. 

• Portent, silicon ^ 9-10 12 07 13*24 20-62 40*48 

Sp.gr.. . . 7-810 7-034 6*764 6*966 4*998* 

According R. Prilley : 

Per cent. Sj . 0 13-50 f7*98 27*92 34*88 48*80 68*00 90*60 100 00 

Sp. gr. * 8*80 7*78 6*90 6*33 5*61 4*02 "S-IS 2*64 2*40 

.tlol. vol. 7*21 6*97 7*36 7*35 7*85 9*75 • 10*27 11*77 11*66 

The decrease in sp. is fairly regular with increasing proportions of silicon. The 
hardness of cuprosilicon at first increases rapidly with increasing propostions of 
silicon ; and afterwards the increase js slower ; observations were made by 
H. St. C. Deville and H. Caron, C. Winkler, G. J. L. de Chalmot, M. Philips, etc. 
i[. Behrens said that the hardness of a 2*1 per cent, alloy is 3*1 ; of a 3 pee cent, 
alloy, 3*0 for the crystals and 3*3 for the matrix ; the m^nbers are respectively 3*2 
and 3*4 for a 5 per cent, alloy ; and for a 10 per cent, alloy, over 6 for the graphite- 
like crystals, 4 for the yellow prisms, aifd 4'2 for the matrix. E. Rudolfi said that 
quenching and slow cooling have little influence on the hardness. W. Hampe found 
the tensile strength of 0*53 and 3*47 per cent. siUcon alloys to be respectively 50 and 
95‘3 kgrms. per sq. mm. ; ho also found the malleability decreases with increasing 
content of silicon ; the ductility of an alloy with 0T)3 per cent, of silicon was like 
copper, a 2 per cent, alloy could still be drawn readily, but a 3*66 per cent, alloy 
was diHioult, an alloy with 0 per cent, of silicon is brittle, and one with 11 ’7 per 
cent, of silicon behaved like glass. E. Wilson found the linear coeff. of thermal 
expansion to bo 0 0(XX)234-()‘(K)00210 for alloys with l*5-2‘0 per cent, of silicon. 
11, St. C. Deville and H. Caron found alloys with 4'8 per cent, of silicon melted like 
bronze, and those with 12 per cent, of silicon melted more easily than silver. For 
E. Mudolfi’s observations, vide Fig. 7. 0. Ileusler, and E. H. and A. H. Cowles and 
C. F. Mabery *[ound that cuprosilicon is a good olectrical oonductor ; W. Hampe 
said that alloys with 0*53 and 3*47 per cent, of silicon have respectively 28*11 and 
6*5 per cent, of the conductivity of purified copper. * E. Wilson found the sp. 
resistance ofi commercial copper increases by adding 1 *5-2*0 per cent, of silicon 
from 2*76 Xl0~® to 3*3 X 10~® ohms, and the temp, coeff. falls from 0*0040-0*0030. 

According to W. Hampe, alloys with over 3*47 per-cent, of^silicon become 
corrorlod on exposure to air ; otli»er observations were made by M. Phihps, who 
found that hot water decomposes cupro.silicon liberating hydrogen, and forming 
copper silicate, Cu. 2 Si 03 ; the Cu 7 Si 2 alloys seem to be most readily attacked ; 
the development of hydrogen begins between 46° and 65°, and is quite marked 
between 70° and 94°. The alloy with 12 per cent, of silicon increased in weight 
7*6 per cent, after 48 hrs.’ boiling with water. C. Combes found alloys with about 
20 per cent, of siheon give with dry hydrogen chloride, copper and silinon chloro- 
form. G. J. L. de Chalmot said that alloys with 39 per cent, of silicon react vary 
slowly with sulphur at 200°-250° ; and at 270°“280°, the copper of th© alloy is 
converted into cupric and cuprous sulphides ; similarly also with‘the 1X)-12 per 
cent, alloys ; the silicon is set free. M. Philips said, sulphuric acid or soln. of 
ammonium chloride» liberates hydrogen at comparatively low temp. E. Vigouroux 
said that nitric acid readily dissolves alloys with 2*5 per cent, silicon, and black 
crystals remain when the 20 per cent, alloys arc treated with this acid. W. Hampe 
said the 6 per cent, alloy is completely dissolved by the acid, and that with the 11*7 
per CQjit. alloy small shining flecks are separated. G. J. L. de Chalmot said that 
aqua regia dissolves part of the copper from cuprosilicon. Molten mixtures of the 
alkali carbohates and nitrates readily decompose the alloy, E. Vigouroux found 
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that 8oln. of alkali hydroxide have little or no action on an alloy with 2*5 per cent, 
of silicon. P. Lebeau found the silicon is displaced from cuprosilicon when it is 
heated with many metals-silver, zinc, aluminium, and tin. P. Lebeau and 
J. Figueras obtained chromium silicide ; E. ^ Defacqz, molybdenum silicide. 
M. Philips describes the use of cuprosilicon for 'deoxidizing copper and brc^ ; 
and for toughening aluminium. G. Kroupa discusses the hardening o^ copper 
by euprqsilicon. E. Vigouroux found commercial cuprosilicons with 10, 13, and 
15 per cent, of silicon ; and C. J. L. Lefflertoalyzed one with 38*9 per cent, of copper, 
54-23 per cent, of silicon, 6-71 per cent, of iron, and O' 12 per c^ut. of carbon. 

J. J. Berzelius ^ first noticed that silver alloys nzith silicon when the two elements 
are heated before tire blowpipe, and he supposed silver silicide was formfed because 
when th (5 alloy was dissolved in acid, some silicic acid was formed. He obtained 
similar results when a mixture of charcoal and finely divided silver was strongly 
heated under a layer of glass containing only alkaline or earthy bases. F. Stromeyer 
said that under these conditions, silver unites with both carbon and silicon. 
J. 8. Stas also noted that molten silver or silver vap. reduces silicates and silica 
avec forriMltion de silicate et de siliciure d'urgent. C. Winkler melted silver with 3, 
10, an5 with 20 per cent, of silicon under cryolite, and obtained respectively silver- 
white, dirty grey, and giiy-coloured alloys. G. J. L. de Chalmot obtained an 
argentosilicon alloy by heating sand, carbon, lime, and silver in an electric furnace. 
Some calcium was also pr(‘Hent. F. Wohler ])a8Hcd silicon hydride into a soln. of 
silver nitrate and obtained a preci|)itate which he regarded as a mixture of silver 
silicide and silver ; G, Buchner regarded the precipitate as silver nitratosilicide, 
Ag^Si.iAgNOfl, analogous to the precipitates obtained with arsine and stibine. 
E. Vigouroux passed silicon tetrachloride a number of times over molten silver 
but obtained only silver chloride, no silicide. H. N. Warren obtained an alloy 
by heating a mixture of silver, sodium, and potassium fluosilicate at a high temp. 
He concliuh'd that silver unites with silicon only when the latter is in statu nascendi. 
J. Percy said that he could find no sign of combination when crystalline silicon is 
heated in contact with silver ; nor did L. Kahlenbcrg and W. J. Trautmann observe 
any signs of combination, H. Moissau also noted that molten silver dissolves silicon 
and gives it up again on cooling. It thendore follows that the claims of F. Wonler, 
H. N. Warren, G. J. Lt de (Jhalnioi, J. J. Berzelius, F. Stromeyer, and C. Winkler 
to have obtained alloys which contained silver silicide are invalid ; au contraire, 
J. Percy, H. Moissan, and E. Vigouroux claimed that silicon and silver do not unite 
chemically, and they are probably correct. II. Moissan and F. Siemens measured 
the solubility of silicon in molten sdver at diiTerent temp., and expressing the 
results in parts'of silicon, per KX) parts of silver, found : 

' 970'’ liw 1250° 1470° 

Solubility . . 9-22 U-89 1 9- 29 41 -49 

The silicon is rejected as tlui soln. cools. The results are plotted in Fig. 8. 




cent silicon 


Pro. 8. — Solubility of Silicon in Fio. 9. — Fusion Curves of 

Molten Silver. Au-Si Alloys. 

I 

G. Arrivaut found that the liquidus curve of the silicon-silver alloys has two 
branches, one of which starts from the m.p. of silver, and the other fiom the m.p. 
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of silicon, 1415° ; the two curves intersect at the eutectic temp., about 800°, at a 
])oint corresponding with about 5 per cent, of silicon {vide Fig. 9, 8. 22, 7). The 
solidus is a horizontal line passing through the eutectic, ranging from 0 to 90 
per cent, silicon. No mixed crystals were formed. In the fusions containing 40-60 
per%(^nt. of silicon, a small whife pearl is formed on the bluish-grey button of 
slightly o 9 ddized silver. This is attributed to the increase in vol. of silicon on 
solidificaSon ; it contains 4«6 per cent, silicon and 94*85 per cent, silver. The 
subject was also studied by W. Manchot and co-workers. 

C. Winkler ^ olltajped alloys of gold with 3 and with 10 per cent, of silicon. Ho 
said that the former is dirty yeliow, and that the latter is yellowish-grey and 
brittle. Hi N. Warren said that gold in statu nmcendi unites*with silicon much 
iitorc readily tlfan is the case with silver, and he claimed to liawe made gold silioide 
})y heating gold and sodium with potassium fluoailicate at a bright red heat. 
K. Vigouroux could not obtain any evidence of the, formtftion of a gold silicide 
( ' di Capua found gold and silicon trf) be totally miscible when licpiid ; to be nfutually 
lusolublc in the solid state ; and to fonn no compounds. The eutectic, Fig. 9, 
contains about 94 per cent, of gold, and solidifies at 370°. 
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§ 8. The Silicides d! the Calcium Family 

F. Wohler 1 prepared calcium Rilicide by hating an intimate mixture of dry, 
warm, anhydrous fcalciuni chloride, silicon, and sodium in a cnicible brasqued with 
dry sodium chloride. The lead-grey crystalline reguliis was very impure. Analyses 
varied from , 

HI Combiued SI Ca Mg Na Al Fe 

6-68-6r)-65 14-65 -52- 16 9 53 34-61 0*17 2-4ll 0-39 3-35 0 22 3 16 0-30-2-19 

H. Moisflan and W. Dilthey heated a mixture of equal parts of calcium oxide and 
silicon in a crucible of retort graphite in an electric arc furnace. The crucible 
was removed from the iirnacc as soon as the mass was melted in order to avoid 
forming calcium carbide and silicon carbide. The regulus contains some calcium 
carbide and silicate as impurities. The product is not satisfactory if an excess of 
silicon be used. (I. J, h. de (Ihalmot made a calcium silicide by heating silica, 
calcium oxide, and carbon in an electric furnace ; R. Frilley, G. Gin, L. Baraduc- 
Muller, and C. S. Bradley described somewhat similar processes. E. Jungst and 
R. Mewes heated silicon with calcium chloride or fluoride in an electric furnace. 
T. Goldschmidt, and S. Herrmann heated calcium oxide or carbonate with silicon 
in a crucible at the temp, of molten cast-iron. The cah-ium oxide is partly reduced 
to form calcium silicide, and part forms a slag: 3CaO-} bSi- ‘it'aSio-j-f'aSiOs. 
The reaction can bo satisfactorily conducted in an electric furnace, and calcium 
chloride or fluoride can be used as a flux. In order to avoid the formation of a 
silicate, La Compagni (5 Gi^'iieralo de T Elect rochimio employed calcium carbide in 
place of calciun\ oxide: CaCL-f 2 Si 02 -l ‘iO^-CaSL-HCO ; and 28i-f-CdO-hG 
=Ca 8 i 2 -f GO. A, Burger heated calcium with silica in vacuo. ‘H. le Chatelier. 
and N. Caro mention the occurrence in commercial calcium carbide of crystals of 
what were considered to be calcium disilicich', CaSio. None of these processes suffice 
to establish the exist-enco of calcium silicide as a chemical individual. • 

S. Tamaru prepared alloys of these two elements from calcium and silicon fused 
The. crucibles of carbon or porcelain were lined with 
magnesia and tar, And then foed. The product always 
contained sotno calcium nitride, and some magnesium. 
Ho found silicon is practically insoluble in calcium at 
90(f , but at 990° a reaction occurs. The equilibrium 
diagram is shown in Fig. 10. The evidence shgws that 
probably calcium disilicide, CaSig, is formed, and may 
be another silicide. L. Wohler and F. Miillor could not 
make this compound directly, but obtained it by heating 
Ca 3 Si 2 in a stream of hydrogen at 1000 °- 1010 ° ; if an 
excess of silicon is present, this reacts with the calcium 
hydride to form more calcium disilioide. L. Wohler and 
0, Bock obtained it from its element^ at 1000°--1100° 
in hydrogen. The heat of formation is Ca-|- 2 Si=CaSi 2 
4" 208' < Cals. 

L. W5hlei and F. MtiUer also made calcium mono< 
silicide* CaSi, or Ca 2 Si 2 , free from the disilicide, by heating a mixture of calcium and 
silicon in atomic proportions or with excess of ^con up to 100 per cent, in a magnesia 
boat in an atm. of carbon dioxide at 1050°. After 15 secs., a violent Reaction takes 


in an atm. o? nitrogep. 



Fia. 10. — Portion of Equili- 
brium Diagram of Calcium 
and Silicon. 
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pkce and the mass becomes incandescent. It must then be cooled rapidly. The 
mass breaks up readily into small, lustrous, metallic leaflets and larger crystals. 
L. Wohler and 0. Bock made it from its elements at 1000°~1050‘' in an atm. of carbon 
dioxide. The density of the substance, containing a small proportion of uncombined 
8 ili( 5 pji, is 2’346, By dil. acids it is attacked readily with the evolution of a spon- 
taneous! inflammable silicon hydride and the formation of hydrated silica ; it is 
onfy slowly attacked by con«. acids, with evolution of hydrogen and by coljJ water ; 
more readily by warm ^ater and by dil. ammonia. By contrast, the disilicide 
dissolves in hydrdbhloric acid with formation of yellow silicone and without pro- 
duction of spontaneously inflarmnaiile silicon hydride. When, in the preparation of 
the substance, so large an excess of silicon is used as to prevent the necessary rise 
i» temj). during the reaction, a mixture of mono- and di-siliciiks is formed. From 
this it was concluded that tlie numosilicidc is formed endothermically from the 
disilicide. The l»eat of formation is 2Ca-f 2Si~ C«2Si2-|^lflfl‘3 Cals., or CaSi 2 
-f" Ca ~Cajbi 2 — 43 Cals. • * 

R. Frilley obtained no clear evidence*of the formation of definite compounds 
from the sp. gr. curve of the alloys. L. Hackspill made the disilicide bj^ heating 
to KXX)^ in vacuo a compressed mixture of G grms. of silicon and 4 grins, of calcium 
filings. 0. Hdnigsehmid said that this silicidc is alwaysl produced when calcium 
is heated with an excess of silicon. P. Formhals, and A. Kolb found that when the 
two elements are heated in the proportions required for (JaSiij, some silicon always 
rinnains uncombined, and a constant product is not obtained. K. Frilley said 
that when calcium oxide is reduced by silicon in the })rescnce of carbon, calcium 
carbide is first formed, and this reacts with the silicon, forming calcium silicide. 
The reaction betwetui ferro.silicon and calcium carbide is reversible. He also 
found that the calcium disilicide is obtained when many of the calcium-silicon 
alloys are digested with a boiling <Iil. soln. of sodium hydroxide. L. Hackspill 
claimed to liave made needle-like crystals, calcium dithtasilicide, CasSi^, by 
heating silicon with a large <*.xcess of calcium, say 1 ; 4. The sp. gr. was l'C4 at 
14°. L. Wohler and F, Muller obtained it from its elements at 1(KX)°; they gave 
IGG'3 for the heat of formation, and said that it yields sjmntaneously inttam- 
mablif silicon hydride when treated with hydrochloric acid. 0. Honigsehmid 
obtained a similar product. 11. Frilley obtained »o definite evidence of the in- 
dividuality of this substance. 


A. Kolb, and K. t’oinihalH roportod iho formation of a Hilu ide, Ca,,Si,Q, or Ca,,Si,Q, by 
tho action of ati e.'tcess of calcium on silicon, aify 10 : II. They also icportod CajSiiQ to 
1 m) formed wIh’h cnlciuin is heated with an excess of silicon. 'J’he analyw's of this substnru'o 
do not <5Xoludo the pos.sibility that impure calcium disilu ide is in question? K, FormhalH 
represented these two products graphically ; * , 

I ! 

Ca : Si . Si . Si . 8i . Si . Si , Si . Si . Si . Si : Ca Si . Si . Si . Si . Si . Si . Si . Si . Si . Si 

V'N/ V\/ ^ /'' /'" /N/ \/' v ^ ''' / \/ ^ / 

Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca C’a Ca Ca 

* Ca^iSi^g CajSijQ 

Tho formulie, however, have little meaning bo long os their exiatonce as chemical individuals 
is in doubt. . * 

• « 
The calcium-silicon alloy made by H. Moissan and W. Hilthey is a grey, crystal- 
line mass with a sp. gr. approximating 2*5 ; and with a hardnes8*like that of 
quartz. F. Wohler’s alloy decomposed on exposure to ajr, forming plates with a 
metallic lustre and appearance, and it decomposed under water. H. Moissan 
and W. Dilthey’s* alloy was fairly stable towards water, and it was decomposed 
but , slowly by cold water. G. Tammann studied the electrode potential and 
chemical properties of the calcium-silicon alloys. S. Tamaru said that finely divided 
.alloys with 60-91 per cent, of silicon are scarcely affected by water ; while those 
with 38-152 per cent, are attacked with the development of hydrogen. F. Wohler’s 
alloy was not attacked by heating it to redness in steam. H. Moissan and W. Dil- 

* VOL. VI. N 
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they’s alloy is not aflected when heated to redness in hydrogen ; it is superficially 
oxidized when heated in air ; and it is incompletely oxidized when heated in oxygen. 
It readily burns in fluorine gas, forming silicon and calcium fluorides ; chlorine, 
bromine, and iodine attack it at a dull red heat, F. Wohler’s alloy with cone, 
hydrochloric acid gives off hydrogen copiously ;* dil. sulphuric acid, acetic acid, 
and hydrofluoric acid behave similarly— with the last-named acid, the ' silicon is 
raiiidly Jjhsached and dissolved ; with dil. hydrochteric acid, hydrogen is less 
copiously evolved, and translucent, lustrous plates are fcArmed. When the plates 
are washed, and dried over sulphuric acid in vacuo, they (jftt^ ignite when air 
is introduced, burning to a mixture of silica and silicon. H. Moissan and W. Dilthey 
obtained 8 ilic()n-af 4 ttylene, Si 2 H 2 , by treatment with dil. hydrochloric acid ; with 
cone, sulphuric acid gas was feebly evolved ; cone, or fuming nitrre acid oxidize .8 
the alloy very slowly. According to L. Wohler and 0. Bock, the disilicide in nitro- 
gen at lUXr fornA CaSiN^ 5 and CaSi 2 N 2 . S. Tamaru found that alloys with 
()() -91 jUT cent, of silicon are but slowly attackt^ by dil. acetic, oxalic, or tartaric 
acid, and likewi.se with dil. hydrochlc^ic, nitric, or sulphuric acid, giving off 
hydrogeft and s])ontaneoiLsly inflammable silicori hydride ; alloys with 38-52 per 
cent.*silicon are rajudly attacked by dil. acetic, oxalic, tartaric, hydrochloric, 
nitric, or sulphuric acid,|giving off a spontaneously inflammable gas, and forming 
a white jwwder which dissolves in alkali-lye with the evolution of hydrogen— wde 
silicone. E, Donath and A. LLssner said that sulphur has no action at a red heat, 
while hydrog(!n sulphide attacks the alloy superficially. F. Wohler found that 
with an aq. soln. of sulphur dioxide and a little hydrochloric acid, no gas is 
evolved, but tin; alloy is transformed into reddish-brown copper-coloured plates ; 
tin; brown Ihpiid becomes turbid and there is a separation of sulphur. When the 
residue whicli re-mains when the In^uid is poured off is dried in vacuo, and extracted 
with carbon disulphide, a pale greenish-brown powder remains— vn/c silicone. 

Tills powder smells of hydrogen sulphide', and wlion heutod detonates ; if very gradually 
heated, hydrogen suljihide is given off, and whon no more gas is ovolvi'd, the product yields 
more hydrogen sulphide whon treated with w'uter. Ammonia converts the substance into 
a white mixturs! of silica and silicon, and hydrogen is at the same time evolved Analyses 
correspond roughly with IlgSi^Sj. • 

• . • • 

A vermilion-red product is formed with selenium dioxide and a little hydro- 
chloric acid ; and telluriffm dioxide under similar conditions forms a greyish-black 
product. A. Gouther, and C. Eichel Jound that when calcium siliciiie is heated in 
nitrogen, calcium nitride is formed and silicon separates out. According to 
H, Moksan u^l W. Dilthey, when the calcium-silicon alloy is heated with carbon, 
it forms ^aloium carbide, etc. ; it is rapidly d^solved by molten aluminium. The 
alloy containing some aluminium was found by K. Frilley to be attacked more 
vigorously the greater the jiroportioii of aluminium. When the carbon-silicon 
alloy is dissolved by molten iron, it forms iron silicide. Soln. of alkali hydroxide 
readily decompose the alloy, with the evolution of hydrogen. S. Tamaru said 
that silicon-calcium alloys are not attacked by alkalies and ammonia. L.* Wohler 
and 0. Bqck found that the absorption of nitrogen by heated calcium silicon alloys 
j® accelerated 'by calcium chloride and fluoiide, while the carbonate and sulphate 
make v^ry little difference. The alloys form ammonia or its equivalent when 
treated' with'- water, hydrochloric acid, cone, alkali-lye, or fused alkalies. They 
showed that both calcium silicocyammide, CaSiNg, and calcium silicocyanide, 
Ca(SiN) 2 , are formed, lil, Donath and A. Lissner found tha^ liquid ammonia and 
organic solvents have no action. S. Tamar found that mol^n calcium-silicon 
alloy? readily attack porcelain. Calcium-silicon alloy is a strong reducing agent, 
and", according to C. S. Bradley, and T. Goldschmidt, can be used for removing 
sulphur and phosphorus from steel ; and, according to W. S. Anderson, as a * 
deoxidizing agent for iron and steel. 

C. S. Bra^ey prepared strontiuiii disilicide» SrSig, by melting together carbon, 
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silicon, and strontium carbonate or oxide in an electric furnace ; E. JUngst and 
R. Mewes made it by heating silicon with strontium chloride or fluoride in an 
electric* furnace ; T. Goldschmidt, by heating strontia and silicon in an electric 
furnace ; and R. Frilley, by melting a mixture of strontium carbide, silica, and 
aluinjnium in an electric furnace. The existence of this corniwund as a chemical 
in^ividi;^ has not been established. The alloy is white and crystalline. C. S. Brad- 
ley found that it decompose water with the evolution of hydrogen ; and ^ith dil. 
hydrochloric acid, it gives off a mixture of hydrogen and silicon tetrahydride. 
It is a strong reducing agent. C. S. Bradley made what lie regarded as barium 
disilicide, BaSi 2 , by a process aimlogous to that employed for the calcium and 
strontium tlisihcides. The product behaved in a similar wayi 1'. Goldschmidt 
obtained a barium silicide, BaSi 2 , by reducing barium oxide vfith silicon, but none 
was obtained by L. Kahlenberg and W. J. Trautmann. 0. Hbnigsehmid said that 
barium disilicide is formed when barium i.s heated vdth afl excess of silicon, and 
R. Frilley added that the compouiiil is more dilficult to make than calcium disilicide. 
T. Goldschmidt made it by heating baryta and silicon as in the case of the corre- 
sponding calcium compound. R. Frilley made it by heating a mixture* of silica 
and barium carbide with either carbon or, better, with aluminium. AccordJbg to 
P. Askenasy and 0. Ponuaz, barium jicroxide and silicon leact very violently when 
the reaction is initiated by means of a fuse. By using coarsely-powdered barium 
peroxide (50 parts) and silicon (15 parfs), a barium silicide with 30 per cent, of 
barium is obtained. The mixture (with less silicon and a little sodium iieroxide) 
may also be used to fuse iron or copper, or powdered ferro-silicon or titanium 
silicide may be used in place of silicon. E. Jiingst and R. Mewes likewise juepared 
what they regarded as barium hemisilicide, BaoSi, by the process which they em- 
ployed for strontium silicide. The steel-grey mass is decomposed by water and dil. 
hydrochloric acid, as in the case of the other alkaline earth silicides. According 
to R. Frilley, it is not attacked by cold chlorine, bromine, or iodine. Soln. of 
bromine or iodine dissolve it without the development of any gas ; liydrofluoric 
and hydrochloric acids attack it vigorously giving off a spontaneously inflammable 
gas. Nitric, sulphuric, and phosphoric acids behave similarly but less vigorously. 
AcetiT; acid does not give a spontaneously inflammable gas. A soln. of chromic 
acid behaves lik^ a soln. of bromine ; and aip aninmnia has ifo action. 


• • 
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§ 9. The Silicides of the Magnesium-Zinc Family 

Silicon and bcryDinm are nadily alloyed, add H. Debray • 
up to 20 per cent, of silicon art* hard and brittle, and can De 
A. .Ditto said that up to 1891, beryllium had not been obtained 
According to P. Lebeau, when beryllia is reduced by silict^i m the electric furnace, 
the resulting beryllium silicide is contaminated with silicon carbide. ^ No definite 
compound has been isolated. « 

A number of magnesium silicides has been reported, but the existence of only 
magnesium hemisililide, Mg 2 Si, has claims to recognition ; the othefs are probably' 
mixtures of this silicide with magnesium or silicon ; and, according to 0. Hdnig- 
8chmid,2 this siliciile is'alway^s formed when the magnesium is heated with silicon 
and when either constitu(*nt is present in excess. ,T. W. C. Martius noted the occur- 
rence ot magnesium silicide. in a slag obtained in the preparation of magnesium. 
F. Wohh'ir made the alloy by limiting together magnesium chloride, sodium, and 
sodiutli fluosilicate. Fluorsjiar can be used as a flux. C. Winkler melted sodium fluo- 
silicate with magnesium, fsing sodium chloride as a flux ; P. Lebeau and R. Bossuet 
employed a similar process for alloys with 0-45 per cent, of silicon ; and for alloys 
with more silicon, they fusi'd rnagnesiunt filings, crystalline silicon, and a small 
quantity of potassium lluosilicate, P. Winkler also obtained what he regarded as 
magnesium tripentitusilicide, MgsSi^, and the hemisilicide, Mg 2 Si, by heating the 
constituent elements in a stream of hydrogen ; but not by melting the two elements 
under sodium chloride as a fiux. E. Vigouroux, and il. Moissan and S. Smiles 
also obtained the alloys by melting the two elements in the electric furnace. 
J. Ihirkinson, and T. h. Phijison first observed the formation of magnesium silicides 
in the reduction of silica by magnesium. 0. Winkler, and L. (lattermann and 
co-workers heated silica with magnesium: Si02-f4Mg=2Mg0-l-Mg2Si. The 
preparation of magnesium silicide best suited for making the silicon hydrides {q.v.) 
has been investigated by A. Gcuthcr, H, Moissan and S. Smiles, and A. Stock and 
C. Somicsky. The last-named workers made the sibcidc by heating caKined 
silicic acid with twico its weight of commercial magnesium powder at as low a 
temp, as jfossible. The product is best if the silica contains less than one per 
cent, of alkali as impuri^' ; silica free from alkalies reacts with magnesium too 
vigorously, producing a high temp. The product is not then readily attacked by 
acids. M. L. V. Gayler studied the solubility of the hemisilicide in molten 
aluminium, ♦ 

• 

A. unii C. Somiesky uiatlo r/iaguosium silfcido by placing lUO grms. of a mixture 
of call iiieil [irecipitatod silica with twice its weight of ooinmerciul powdered magnesium 
in an iron crucible of a litre capacity. The crucible was placed iu a vessel of cold water. 
The reaction whs started by a fusee and was over in a few moments ; and a stream 
of liydrogen (washod iu sulphuric acid) was sent from a bomb through a tube in the 
perforated lid of the crucible so that the product cools for half on hour in an'atra. of 
hydi'ogen. The mass was then broken into coarse fragments not over 0'6 mm. diameter, 
and the dvwt whjeh passed through a millimetre-mesh sieve was rejected. The magnesium 
silicide so pn»pared has a bluish colour and iseniarkedly crystalline. R. Schwarz and 
E. Konrad recommended working in an atm. of hydrogen, and mechanically separating 
the orysUls of 4lie silicide from tlie mixture. The cnido product was freed from magnesium 
by the action of ethyl bromide and anhydrous ether. The purified material is a steel-blue 
orystalline powder which cogitams traces of amorphous silicon and iron silicide. 

H. N. Warren prepared silicou-magnesium alloys by the actibn of magnesium 
on silicon fluoride ; K. Seubert and A. Schmidt, by the action of magnesium on 
silicon chloride ; and E. J iingst and It. Mewes, by the action of silicon on magnesium 
halides in an electric furnace. T. Goldschmidt made the alloy from magnesia and 
silicon as in the case of calcium-silicon alloys. R. Vogel made a series of alloys 
directly from the elements heated in carbon tubes in an atm. of hydro^n ; he found 


said alloys Mth 
readily yolished. 
free from silicon. 



IILICON 


. 181 


that the molten alloys strongly attack porcelain and magnesia vessels. The f.p. 
curve, Fig. 11, falls rapidly from the f.p. of silicon to a eutectic at 950® and 42 per 
cent, of magnesium ; it then rises to a 
maximum at 1102® and 63‘2 per cent, of 
ma^esiura corresponding with Mg 2 Si ; 
thpre isjl second eutectic at 645® and 96 
per cent, of magnesium, f^o solid soln. 
were observed. There is here no evidence 
of F. W6hl(y’s mhgnesium tritetritasilicide^ 

Mg 4 Si 3 , or of C. Winkler’s tr^entita- 
silicide. According to P. Lebeau and 
R. Bossuet, uncler the microscope, polished 
surfaces (i) of an alloy containing 0-38 per 
cent, of silicon, show grains of magnesium 
surrounded by a eutectic, but no crystals of 
the silicide ; (ii) in alloys containing 6-8 per 
cent, of silicon, well-defined crystals of the 
silicide appear in the midst of a eutectic 
very rich in magnesium ; (iii) that an alloy containing 40 per cent, of silicon contains 
that clement mainly as crystals of the free silicon; and (iv) crystals of free silicon in 
alloys containing silicide and a eutectic diHering from the former and containing more 
than 50 per cent, of that element. The pure silicide cannot be isolated by treating 
the alloys with any aq. reagent, owing to the decomposing action of water, but the 
magnesium is dissolved away from an alloy containing 25 per cent, of silicon by 
means of ethyl iodide and ether, leaving brilliant, slate-blue, octahedral crystals 
of magnesium hemisilicide, the analysis of which corresponds accurately with the 
formula MgoSi. P. Lebeau and R. Bossuet found that the glistening octahedral 
crystals of magnesium hemisilicide arc slate-blue in reflected light, and in thin 
layers, by reflected light, they have a reddish tinge. K. A. Owen and G. 1). Preston 
found that the X-radiogram corresponds with a face-centred cube lattice of silicon 
atoms of side 6 39 1 A,, symmetrically intermoshed with a simple cube lattice of 
magifcsium atoms of side 3’19 A. There are eight magnesium atoms situated within 
each face-ccntr8d cube of silicon atoms, dividing ithe four diagonals in the ratio 
1 :3 and 3:1. The sp. gr. from X-ray data is P95-l-0’0r) grms. per c.c. The 
magnesium atoms are separated by the same distance as in the pure metal ; and 
the sum of tl^ so-callc.d radii of the silicon And magnesium atoms is equal to the 
distance between these atoms in the compound. The sp. gr. is about 2 ; and the 
hardness between that of fluorspar and orthoclase. The m.p., safd R. Vogel, is 
1102®. A. M. Portevin and P. Che^nard studied the expansion which accurs on 
heating magnesium-silicon alloys, and found a contraction at about 350® due to 
the gradual dissolution of magnesium hemisilicide, and conversely an expansion 
on cooling below that temp. P. Schiibel gave 0*2320 for the sp. ht. of Mg 2 Si between 
18® and.298° ; and 0*2445 between 18® and 630®. 1’he alloys arc not attacked by 
atm. air. P. Lebeau and R. Bo.ssuct found that the alloys are easily oxidized and 
give sparks hy friction against a hard substance in air. When heated between 
1100® and 1200® in hydrogen or in vacifb, the compound is resolved into its element*. 
The heat developed by the vigorous combustion which occurs when heated io oxygen 
is sufficient to fuse the magnesium silicate which is formed. The compound slowly 
decomposes water at ordinary temp, giving hydrogen, but no silicon hydride. 
Cold hydrochloric acid attacks the alloy vigorously, forming hydrogen and spon- 
taneously inflammable silicon hydride, P. Lebeau said the gas contains 
silicomethanc, silicoethane, and a little silicoethene. For the solid product, vide 
silane. 

^ According to A. Geuther, when magnesium silicide is treated with hydrofluoric 
acid, hydrogen is evolved. R. Vogel said that the alloy is slowly attacked by 
cone, sulphuric or nitric acid, but the attack is rapid with the dil. acids, and hydrogen 
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ia evolved P Lcbeau and R. Bosauet found the alloy to be a strong reducing agent, 
A Gfuther found that inagneaiutn nitride and free silicon are formed by heating 
fhe a%“t a i tern,.. 'in nitmgen, and that a J.^n^'^M^ClTsiH O 
chloride acts slowly on the alloy. 2-%^ d»N 

-f- 8 NH.j+ 6 H 2 . The alloy is not attacked by a coifl or hot aq. soJn. of pota^«A um 
hydroxide, G. Tammaiia stufliofl the eloctroda potontial and chemical ]properfie8 
ofiho rpagnesi rim -silicon alloys. ‘ 

No zinc silicide has been isolated. According to H. St.*C. Doville and H. Caron, ^ 
silicon dissolves in molten zinc, and all but a little separates froln th^ soln. during 
solidification, Similar results were obtained 1^ C. Winkler, and E. Vigouroux. 
W. Manehot and H. Funk studied this subject, H. Moissan and F. Sirnnens found 
the solubility iner(‘*es rapidly with rise of temp. ; and that tlio solubility in 100 
parts of zinc, is : 


Solubility 


. ceo" 
oo« 


CfiO" 
01 6 


730 “ 

0-57 


800 “ 

U-92 


W. Sander and K, L. Meissner Studied the ternary system, Zn-Mg-Si. 
W. Frardfcl found that when a mixture of zinc sulphide and carbon is heated in a 
quartz vessel to 13(X)° -14(Xf in an atm, of nitrogen, a volatile product is obtained, 
containing zinc, carbon, *^nd sulphur, which reacts with the silica of the enclosing 
vessel. The product is also volatile, and corresjionds approximately with the com- 
jiosition zinc sulphosilicide, ZnSSi. Using a carbon lining to the tube, the vapour 
nevertheless penetrates to the quartz, and introduces silicon into the mixture. 
The same compound is also obtained by heating zinc sulphide to 13(XU with silicon. 
It condenses to hard, brown crusts. With acids the sulphur is evolved quanti- 
tatively as hydrogen sulphide, and with aq. alkalies, hydrogen is evolved. It may 
be polished like a metal, and is microscopically homogeneous. The electrical 
conductivity is less than that of silicon. 

No cadniiuni silicide has been prepared, nor has the action of silicon on cadmium 
been studied. C. Winkler did not observe any signs of the formation of a mercury 
silicide when mercury and silicon arc heated in a sealed tube to 10(>° or to 300° ; 
nor do the two elements unite when allowed to stand in contact under a dil. soln. 
of sodium hydroxide. He utilized this property to separate aluminium from silicon. 
H. N. Warren obtaiiled no silibide by the action of mercury on Heated potassium 
lluosilicate. A little silicon amalgam is fornu'd when an alcoholic soln. of silicon 
fluoride is electrolyzed with a mercury cathode. Silicon remains when the mercury 
is di.stilh'd off. L. Kahlenberg and W. J. Trautrnann observed no formation of an 
alloy when mercuric oxide is reducf'd by silicon at a high temp. 
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§ 10. The suicides of the Aluminium and Rare Eiarth Families 

• 

For boron silicide, vide silicon boride. No aluminium silicide has been j^oiated ; 
dans ions les cas, said E. Vigour/lux, il u a sirnplenient dusolulion du silicon dans 
Valuminium ; if a third element be present, however, a complex silicide may be 
formed. H. St. C. Deville ^ stated that : • 

Any siliceous inatenal in contact with aluminium at n high Amuj). is always decomposed ; 
aiidjf the metal is in excess there is formed an alloy or a combination of Hilioou and alunnninm 
in whieh the two bodies may hc' united in^ihnost any proportions. Glass, clay, and the 
earth of crucibles act in thi.s way. However, ahimmium may ho melted in glassware or 
earthen erueihIcH without the least eontaininution of the metal if there is no contact l>etween 
the metal and the material ; the ahuninium will not wet the crucible if put into it alone. 
However, the moment that a flux facilitates immediate contact (evcai sodium chloride 
do<?s this), the reaction l)egins to take place, and tlie metal obtained is always more or 
less siliceoii.s. It is for this reason that I have prescribed in meltmg aluminium not to add 
any kind of flux, even w'hen the flux would not l>o attacked by the metal. 

H. St. C. Deville obtained aluminium charged with 10‘3 per rent, of silicon. 
In pre[)aring aluminium, F. Wohler obtained globules of what he regarded as 
aluminium silicide containing crystals of silicon, and which, when treated with 
acids, gave hydrogen and silicon hydride, F. Wohler treated potassium fluosilicate 
with* aluminium, and obtained an alloy with about 70 per cent, of silicon. 
C. F. Rammellberg reduced cryolite with sodiutn in a jforcelain crucible, and 
obtained an alloy which when treated with hydrochlorit^ acid showed the presence 
of combined and free silicon. The former changed partly into silica, and partly 
into gaseous Silicon tetrahydride ; while the latter remained as a black residue of 
grapliitoidal silicon. 

Silicon as . . . SiOj Froo 

Percent 1*8.') '.P.V) 0*58 074 0 r2 0-J7 

C. Winkler obtained an alloy with 69 34 per cent, of silicon by reducing a mixture 
of cryolite and quartz with aluminium. J. H. J. Dagger described the production 
of the alloy by reducing the oxides with carbon in the electric furnace. A. Minet 
prepared the alloy by the electrolysis of a fused mixture of sodium chloride and 
sodium fluoaluminate mixed with alumina and silica. R. Frillcy used a similar 
process ; and he also electrolyzed a fu8cd mixture of sodium and potassium fluoridas, 
silica, and cryolite ; and also added silica to the fused mi,xture emiJoyed for 
preparing aluminium. E. Donath and A, Lissiie.r dissolved ralcitim silicide in 
molten aluminium, and found that some alqmiiiium silicide was formed which gave 
spontaneously inflammable silicon hydride when treated with an acid. E. Kobn- 
Abrest found that when aluminium is heated in a porcelain boat at 1 lOG*^ in a vacuum 
the metal is rapidly volatilized at first, but, after some hours, the loss in weight from 
•this cause becomes negligible. After prolonged heating, the residue is found to 
be coa^d with a yellow film, consisting of an alloy of aluminium and silicon. The 
same results are obtained when boats of pure graphite are employed, but only when 
these are coiftained in a porcelain tube. The conclusion drawn is that aluminium 
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vap. attacks the porcelain, liberating silicon, which is absorbed by the molten 
aluminium. The porcelain tubes employed are found to be coated mternally with 
a black, crystalline deposit, having the composition alumimum hemsilmd^,A\ 2 ^i, 
is said to have been isolated. R. Frillcy, L. D. Hooper, and E.Viel obtained 
aluminium homisilicide by heating china clay in ’an arc furnace J. Goldscjfniclt 
reduced silica hy alu/niuium in the thermite process, although E. Wtston ^nd 
H.J{. Ellis could not obtain a silicide by reducing siliia by powdered aluminium ; 
R. *FrilIey reduced silica by aluminium in the electric turnace and obtained an 
alloy with 30-% per cent, silicon. L. Baradue-Muller heated, tb 1700°, a mixture 
of one mol of alumina with 3 niols of silicgn carbide along with lime and 
magnesia as llnxe.s,and obtained aluminium-silicon alloys. J. J. Curran examined 
the influence of sodium on these alloys ; M. L. V. Gayh^r and co-workers, allo/s 
of aluminium, magnesium, copper, and silicon ; and W. iSandpr and K. L. Meissner, 
alloys of magnesium, j^nc, aluminium, and silicon. A binary alloy of aluminium 
and abwit 10 per cent, of silicon is called silum^n. It was studied by G. Masing. 
T, R. li. Cain, and Z. Jeffries made some; observations on these alloys. 

For f^time, it was thought that the alloy pr(‘t)ared by II. St. C, Deville by the 
actioR of silicon tetrachloride on aluminium at a red heat was aluminium hmisilicide, 
Ah^Si, and that- the sjx'cir^ien pre()ared by (j. Winkler was ahiminiurn trihemisilicide, 
Al 2 Si.j, but th(‘ conclusion was based merely on the analyses. The observation 
of F. Wohler and H. Buff that the .alloy furnished silicon hydride when treated 
with hydrochloric acid sup[)orte(l the view that a true com])ound is formed ; and 
this is (ioiifirmed by C, F. Jlammelsbcrg’s observation — vide supra. E. Vigouroux, 
and R. Frilley failed in the attempt to mak(* aluminium and silicon unite directly; 
on the other hand, added E.. Vigouroux, if the materials are impure, or if metallic 
oxides be present, silicoaluminides of iron, nickel, cobalt, chromium, molybdenum, 
tungsten, uranium, manganese, vanadium, and 
. titanium arc readily produced. W. Frankel 

-\ b^'^'d that molten silicon and aluminium are 

^ 00 ^ . . y' miscible in all proportions, but they do not 

^ . / .. . \ <'’iter into chemical combination. The f.p. 

r.ooo" / branches, Fig. 12*; the 

b /_ * . • eutectic mixture contains abbut 10 per cent. 

I / ^ \ of silicon, and solidifies at 570°. Whether 

^ „ / * 1 crystals are formed could not be satis- 

l \ Hactorily determined ; if they exist, those rich 

^ ‘“J aluminium do not contain more than 0‘5 

^ pot cent, of silicon, and those rich in the 
, Per cert. S/ latter element not more than 2 per cent, of 

Fi.i. 12. -Equilibrium Jtiagnuu of «^u«dniuni. A. M. Portevin studied the struc- 
AUuninium-Silieoii Alloy.s. ture of the eutectic ; and the changes in vol. 


Fiii. 12. -Equilibrium Jtirtgnuu of 
AUuninium-Silieoii Alloy.s. 


on cooling. W. Manchot and co-workers 
measured the solubility of silicon in aluminium ; E. H. Dix and A. J. Lyon, and 
H. Schirmeister, the tensile strength of the alloys. C. E. Roberts confirmed the 
observations of W. Frankel ; and H. Sutton described these alloys. J. Czochralsky 
oalled an alloy with 1 1-14 per cent, silicon t^Uumin and alpax ; these other alloys 
have bee^n described by J. I). Edwards and R. S. Archer, L. Guillet, J, J. Curran, 
R. E. S^arch,•etc. According to R. Frillcy, alloys with up to 10 per cent, of silicon 
are a little greyer than aljiminium alone. The alloys work well. Alloys with 10-20 
per cent, of silicon are lustrous and crystalline, more fusible than ajuminium alone— 
vide Fig. 12. The alloys with up to 15 per cent, of silicon can be forged. Alloys 
with 20 38 per cent, of silicon are markedly crystalline, and they readily fracture ; 
they have a bluish tinge. Crystals of silicon appear with alloys with over 38 per 
cent, of that element. Alloys with 40-55 per cent, of silicon have a matrix of 
anastomosed crystals. Alloys with owir 55 per cent, of silicon look like silicon 
fondu fused silicon. E. Wetzel found aluminium may have 0'6 per bent, of silicon 
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in solid soln. at ordinary temp., and one per cent, at 550°. 
X-radiograms of the alloys. The sp. gr. of the allo 3 r 8 are : 
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B. C. Bain studied the 


Perceht. Si . . 10 20 30 47 5 64 86-2 9*66 

Sp.gr. . . . 2-52 ^2-50 245 2*44 2*40 2*36 2*37 

TheNIp, gr. curve shows no singularities, and there is no evidence of the formation 
of definiie silicides when silicon and aluminium are fused together ; D. R. Tullis 
also studied the sp. gr. of these alloys. The physical properties have been^studfed 
by J. D. Edwards^nd co*- workers, D. Basch and M. F. Sayre, L. Guillet, etc. The 
alloys are completely soluble in fused alkali hydroxides and carbonates, and in hot 
cone. soln. of alkali hydroxides. Hydrochloric acid attacks the alloys vigorously, 
and a deposit a^ialogous to silicone is formed (q.v .) ; hydrofluejib acid behaves like 
hydrochloric acid ; sulphuric acid readily attacks the alloy ; nitric acid, hot or 
cold, attacks the alloys very slowly ; and a mixture of nitriiiand hydrofluoric acids 
dissolves the alloys vigorously. ^ 

R. Frilloy melted in tin olectriu furnace t^mixluro of (alciimi Hilicide with aluminium 
using cryolite or fluompar as a fltix. He thus obtained crystalline alloys corresponding 
with caicium trlsilicodlaluminide, CaAI^Si,, and calcium trlsllicotetralumlnlde, Ca^hSig. 
Hydrofluoric or hydrochloric acid attack.s the alloys vigorously, developing spontaneously 
inflammable silicon hydride, and leaving as a residue grapbitdidal silicon. V. Fuss, and 
It. Fnlley likewise obtained alloj^s representing magnesium sllicoaluminldc. A. jjil. Portovin 
and P. Cliovonard studied tlie vol. changes wiUi alloys of magnesium, aluminium and silicon. 
V. Fuss, and H. E. Dix and A. J. Lyon studied tho physical properties of the ternary 
ttllovb .silicon-copper-aluminium; S. Daniels, Al-Si-Mg alloys; V. Fuss, the ternary alloys 
Si-Al-Alg, Si-Al-Fe, and Bi-Al-Ni ; and W. Sander and K. L. Meissner, the ternary alloys 
Zn-Mg-8i ; A1 Mg -Si; and Al-Zn-Si; and cpiaternary alloys Si-Al-Zn-Mg. L. Guillet 
inve.stigated tho binary, tornar}', and quatomaiy alloys of aluminium, copper, silicon, and 
magnesium. 


S. Tainaru - found that molten thallium and silicon are prakiisch mileinander 
nicht hiischhar. This is .shown by the f.p. curve, Fig. 13. There is no sign of tho 
formation of a (l(‘finite//i/ 7 ///a?// silivi/Ir. F.Ullik 
electrolyzed ci'rium fluoride and obtained a 
black powder wliii'h was regarded as cerium 
silieky because the analysis corresponded 
with (JeSi. It #vas not investigated further. 

.1. Sterba prepared cerium disUicide, CcSi 2 , 
by heating cerium oxide and silicon in an 
electric furiiaqp. It forms small crystals witji 
a steely lustre ; the density at 17° is 5*67. 

It is only slowly acted on by water ; hydrogen 
is without action on it. Fluorine aijts in the 
cold on it, chlorine, bromine, or iodine only 
after heating. When heated to redness, 
it burns in oxygen with a vivid incan- 
descence, and when heated in boiling sulphur 
or selonpim, it burns. Hydrogen cliloride acts on it at a red heat. Soln. of 
hydrochloric and hydrofluoric acids attack it with evolution of Jiydrogen. 
Hydrogen sulphide and water are attacked at a red heat, Aq, soln. of alk4i 
hydroxides and ammonia do not react with it in the cold. Only a portion of 
the thermal diagram has been explored by L. Guillet, and K. Vc^el. "’This is 
indicated in Fig. 12, 6 . 38, 10 . There is a maximum on the curve corresponding 
with cerium silicide, feSi, of m.p. 1500°. This forms an eutectic with silicon. The 
eutectic is at 1250° with 46 per cent. Si. 
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Fiu. 13. -Freezing-point Curves of 
Mixtures of Thallium and Silicon. 
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§ 11. The suicides o! the Titanium and Tin Families 

For the cmhon sillcidcs, vulc silicon carbides. L, Levy ^ treated titanium 
tetrachloride with silicon und obtained arborescent crystals of titanium *hemi'' 
silicide, Ti^Si, which*were noUoloser investigated. H. Moissan dfhtained a silicido 
by heating a mixture of silicon and titanic oxide in the electric arc furnace. 
L. Bara(luc-Muller heated a mixture of titanic oxide, silicon carbide, and carbon 
with a mixture of lime and magnesia as a flux. Askenasy and C. Fonnaz obtained 
what they rogarded as titanium trihemisUicide, by heating the constituents 
in an electric furnace. ^ 0. Honigsehmid made titanium disUiCide, TiSL, by heating 
in a fin'iclay crucible a mixture of 200 grmst powdered aluminium, 250 grms. of 
sulphur ; 180 gnus, of flue sand, and either 15 grms. of titanic oxide or 40 grms. 
of potassium fluotitanate, covering all with a thin layer of powdered magnesium, 
and igniting with a thermite pastille. Titanium disilicido crystallizes in small, 
iron-grey, tetragonal pyramids, having a hardness of 4-5 and a sp. gr. 4'0,2 at 22°. 
It oxidizes with difficulty, but burns in chlorine at below a red heat. It is insoluble 
in mineral acids excepting hydrofluoric acid, but dissolves slowly in 10 per cent, 
jwtassium hydroxide* soln. Fused potassium hydroxide reacts vigorously with it 
at a re^heat, but potassium hydrogen sulphate is without action under these con- 
ditions. H.TMoissan said titanium silhude is as liard as the diamond ; and G. Gin 
recommended its use fqy cutting and polishing gem -stones. P. Askenasy and 
C. Ponnaz’s product behaves like silicon towards barium idioxide — vide barium 
silicide. ^ 

E. Wedekind - prepared crystals of zirconium silicide by reducing zirconia with 
Mlioon in the electric furnace, 0. Honigsehmid prepared zirconium disilicide, 
ZrSig, by a method similar to that employed for titanium disilicide— t’w/c.sujM-o— 
and also by heating a mixture of potassium fluozirconate and fluosilicate and 
aluminium. The compound crystallizes in small, iron-grey, rhombid columns with 
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a motallic lustre, a hardness approximating to that of felspar, and a sp. gr. of 
4‘88 at 22®. It is stable in the air, but burns vigorously when its powder is heated 
on platinum foil. It is not attacked by mineral acids with the exception of hydro- 
fluoric acid, which readily dissolves it, hydrogen being evolved ; a 10 per cent, 
pot^ium or sodium hydroxide flbhi. is without action on it, as also is potassium 
hydrogjm* sulphate at a red heat. It is decomposed by fusion with potassium 
hydroxide. According to fi. Wedekind, zirconium silicidc is readily obtained, in 
the colloidal state. .* 

E. Wedekind jfnd K. Fetzer ^ found that a mixture of thoria and silicon in the 
electric arc furnace gave a silicid^ which was washed with hydrochloric acid, and 
then with a 2 per cent. soln. of potassium hydroxide to remo){e the uncombined 
sHicon. The nt.p. is very high, and the product is decomposed by cone, alkali-lye. 
0. Honigsehmid prepared thorium disilicide, ThSi 2 , by heating in an electric furnace 
a mixture of thoria and silicon ; a mixture of aluminiumf silicon, and thorium ; 
or by the interaction of a mixture^f the double fluoride of thorium and potassium, 
potassium silicofluoride, and aluminium ^ 1200®, and purified the products from 
free aluminium and silicon by treatment with pota.ssium carbonate floln. It 
forms quadratic plates resembling graphite in colour, has a sp. gr. 7 96 at 16*^? and 
when heated combines readily with the halogens, oxygin, sulphur, 'selenium, or 
hydrogen chloride, but it is not attacked by hydrogen at a red h(‘at. It is soluble 
in aq. soln. of the mineral acids, is not ffttacked by sobi. of the alkali hydroxides, 
but is decomposed on fusion with sodium or potassium hytlroxides. For analysis, 
the compound was dissolved in aqua regia or in a mixture of hydrofluoric and 
nitric acids, or decomposed by fusing with moist sodium hydroxide. 

J. J. Berzelius ^ observed that when tin and silicon are melted before the blow- 
pipe, a ductile alloy is formed, which, when treated with acids, produces some 
silica. C. Winkler said that silicon can he alloyed with tin. Alloys with 2-3 per cent, 
silicon were said to be white, and not very 
malleable ; alloys with 10 per cent, silicon 
were greyish-white and brittle. Warm hydro- 
chloric acid dissolves the tin, and leaves the 
silicofi partly free and partly as silica. 

E. Vigo uroux •said that alloys of tin arc 
only mixtures, and contain no tin silici^ie. 

H. N. Warren obtained crystals of silicon by 
dissolving tht amorphous clement in niolton 
tin, and cooling the soln. S. Tamaru found 
that molten silicon and tin are miscible in all 
proportions, and, on cooling, pufc silicon 
scjiarates, the eutectic being practically pure 
tin. The f.p. curve. Fig. 14, falls very slowly until about 81) per cent, tin is 
reached, and then very rapidly. L. Kahlenberg and W. J. Trautrnaim observed 
no formation of tin silicide. 

As in the case of tin, J. J. Berzelius found that silicon dissolves in lead melted 
before the blowpipe, and forms a malleable alloy or compound. H. N> Warren 
also said that a brittle lead silicide is fbrmed when lead oxide is heated with silicou. 
H. St. C. Deville and H. Caron could not get the two elements to form^n alloy. 
G. Winkler could not get an alloy at a red heat when the two element were heated 
under a layer of cryolite. The silicon floated on the njolten lead. He observed 
no signs of the formution of a lead silicide. A similar observation was made by 
L. Kahlenberg afld W. J. Trautmann. E. Vigouroux observed that no dissolution 
of silicon in molten lead occurs at 1200®. H. Moissan and F. Siemens found that 
silicon commences to dissolve appreciably in lead at about 1250°, and that the 
solubili^iy in 100 parts of lead is as follows : 

1250 “ 1880 ® 1400 * 1460 ’ 1550 ’ 

SolubUity . . 0*026 0*070 0*160 0*210 0*700 



Fhj. 14. — Equilibrium Diagram of - 
Alloys of Till and SiliTon. 
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The solubility thus increases rapidly with rise of temp. The subject was studied ly 
W. Manchot and H. Funk, A. M. Portevin, and L. Baraduc-Muller wthout obtammg 
any lead silicide. S. Taraaru found that the cooling curves of different alloys all 
show two arrests, one corresponding with the f.n. of silicon (1385 ), and the other 
with the f.p. of lead (327°). This corresponds with the separation of th^oln. 
into two layers near the temp, of solidification, Silicon behaves simtjg^ly yuth 
tin anej with thalJiuw. 
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§ 12. The suicides of the Vanadium and Chromium Families 

J. J. Berzelius ^ ob.served no sign of the formation of pfiosphorus silicide or 
silicon phosphide when phosphorus vapour is passed over red-hot silicon. 
0. P. Watts failed to prepare phosphorus silicide by reducing a mixture of*pho8- 
l)horic acid and silica with carl;)on in the electric furnace ; also b}i using copper or 
copper silicide as a flux ; and also by the action of phosphor tin on silicon. 
0. Winkler found that siheon does not unite directly with arsenic either hy heating 
silicon with arsenic, or arsenic vap^; nor is ars< nic silicide or silicon arsenide 
formed wlum silicon is lieatcd with arsine. The silicide was not formed by melting 
quartz, arsenic, aluminium, and cryolite. Arsenic pentasilicide, or silicon 
pentitars^nide, AsSis, iS. however, said to bo ^prmed, mixed with arsenic dihydridc 
when zinc silicoarsenido is treated with hydrochloric acid. It was freed from 
arsenic hydride by heating in a current of hydrogen ; from zinc (and iron) by 
boiling with nitric acid ; and from silica by a soln, of potassium hydroxide. The 
dark grey powder consists of microscopic needles ; it can be lu'ated in air without 
losing arsenic ; acids alone, or aqua regia, are. without action ; boiling potash-lye 
attacks it very slowly, liut molten alkali hydroxides or carbonates rapidly form 
iJkab silicate and arsenate. Complex siliCMTSenides were made by heating the 
metals with arsenic and silicon under cryolite and sodium chloride as fluxes. Thus, 
C. Winkler made zinc silicoarsenide in this way. The ])roduct gave off arsine 
when treated with hydrochloric acid and, as indicated above, left a residue of 
arsenic hydride and silicide. E. Vigouroux could get no ^antimony silicide, or 
silkon antimonide, by the action of antimony on silicon in th^ electric furnace. 
R, S. Williams found that molten antimony and silicon arc completely miscible, 
and on cooling they form two series of mixed crystals extending respectively froip 
O-O’S and from 99-100 per cent, of silicon, Fig. 15 ; there is no evi({ence of 
chemical combination. L. Kahlonborg observed that no silicide is formed when 
antimonious oxide is reduced by silicon. E. Vigouroux found that molten bismuth 



. m 

dissolvea silicon but rejects it again in a crystalline state on cooling ; no bimtUh 
silicide is formed. R. S. Williams found bismuth is insoluble in fused silicon, 
but silicon is soluble to the extent of about 2 per cent, in fused bismuth at 




Fiq. 16. — Equilibrium Diagram of Fro, 10. — Equilibrium Diagram 

Alloys of Antimony and Silicon. Alloys of Bismulh and Silicon. 


Fig. 16. The two elements form a series of mixed crystals with 0 - 0’8 per cent, 
of silicon. L. Kahlenbcrg and W. J. Tftiutmann observed no silicide is formed 
when bismuth oxide is reduced by silicon. 

According to J. S. W. Johnston, ^ if vanadium pentoxide in a carbon crucible 
be heated with silicon to a high temp., a reddish-grey, metallic mass resembling 
bismuth is obtained. It conducted electricity very well. H. E. Roscoe suggested 
that the product was vanadium silicide. H. Moissan and A. Holt prepared vana^um 
disilicide, VSig, by heating an intimate mixture of vanadium trioxide witli a little 
more than five times its weight of silicon for about 2 mins, in an electric arc furnace, 
and treating the residue successively with pota.ssium hydroxide soln. and cone, 
nitric or sulphuric acid. It can also be obtained by reducing a mixture of silicon 
and vanadium trioxide with magnesium ; and J. Meyer and R, Backa obtained it 
by heating a mixture of vanadium pentoxide, silicon, and fluorspar. According to 
H. Moissan and A. Holt, it forms brilliant prismatic crystals which have a metallic 
lustre and a sp. gr. of 4 42, scratch glass, and melt and volatilize in the electric fur- 
nace. Alkalies and acids, with the exception of hydrofluoric acid, have no action on 
it, but it burns in fluorine, chlorine, or bromiue when heated. Iodine vapour, 
oxygen, sulphur, and hydrogen sulphide attack it very slowly 


at the m.p. of glass, but hydrogen chloride converts it into ^ 
silicochloroforra and vanadium chloride. Fused alkali „ 

hydroxides decompose the silicide ; the action of fused 
metals depends on whether they combine more readily £ /,50(f 
with silicon or with vanadium. Copper, for example, ^elds 
copper silicide and a copper vanadium alloy. H. Giebel- 
hausen found that mixtures of the two elements give 
a eutectic melting at HIT, Fig. 17. The maximum on 
the curve conesponds with VSi 2 , whifth furnishes needle- _ 

like crystals, melting at 1655'^, and harder than silicon, of the E 

No solid soln. between silicon and the disilicide were Si-V. 
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Fio. 17. — Fusion Curves 
of the Biyary System : 


observed. H. Moissan and A. Holt also made vanadium 
hemisilicide, ¥ 28 !, (i)d>y heating a mixture of 120 parts of vanadium trioxide and 
14 parts of silicon in the electric arc furnace ; (ii) by the action of silicon on vanadium 
carbide, namely, by heating a mixture of vanadium trioxide, silicon, and carbon for 
I^mins. in the arc furnace ; and (iii) by heating a mixture of vanadium trioxide, 
silicon, arfid copper in the electric arc furnace. The hemisilicide is obtained in 
brilliant prismatic crystals which have a metallic lustre and a sp. gr. of 5 '48 at 17®. 
It fuses at a tSmp. above the m.p. of the disilicide, and it is insoluble in water, 
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alcohol, ether, or benzene. Fluorine does not attack it in the cold , with chlorine 
at a red heat, it gives vanadium tetrachloride and silicon tetrachloride, and with 
bromine, vanadium tribromide and silicon liexabromide. It is attacked only 
superficially by water, sulphur, or hydrogen sulpj^ide at a high temp., and ammonia 
has no action on it. It burns when heated in hydrogen chloride. When^;ised 
with an excess of silicon, it gives the disilicide. It is decomposed by moltjiPf sodi.um 
0^ copper, but is hardly affected by silver. Hydrothlpric, nitric, and sulphuric 
acids do not attack it, but a mixture of nitric acid with either of the others dissolves 
it, and it is easily attacked by hydrolluoric acid, even in dil, soln. It js also decom- 
posed by fused potassium hydroxide or a miKture of potassium carbonate and 
nitrate. 0. Hdni^sehmid ])rei)ared tantalum disilicide, TaSi^, by a nifTchod similar 
to that employed f<?r titanium silicide. It forms iron-grey four-sided prisms .having 
a metallic lustre rese^jibling that of molybdenum disilicide. The sp. gr. is 8'83 
at 0°.^ The compound is oxidized when heated in oxygem ; reacts with fluorine 
only when heated ; also reacts with chloriru; wiien heated, but not with bromine j 
it dissotres in hydrolluoric acid ; it is in.sMuble in jnineral acids including aqua regia ; 
it ityioluble in a mixture of nitric and liydrolliiori<‘ acids ; it is not decomposed by 
potassium hydrosulphate at a red heat ; and it is readily decomposed by fused 
alkali hydroxides. * 

H. N. Warren » prepared 'a chromium silicide by heating white hot a mixture 
of chromic oxide with an excess of graplntoidal silicon. It was (easily attacked by 
hydrofluoric acid. A. DitU; and H. Moissan noted that the two elements unite 
directly at a high temp. P. Lebeau and J. Figueras stated that when a small 
quantity of silicon is melted with a mixture of chromium and copper, and the result- 
ing button is digested with nitric acid, prismatic crystals of chromium tritasilicide. 
Or 38!, remain ; with a larger pro[)orti(m of silicon, lozcnge-sha])ed, facetted crystals 
of chromium hornisilicidcj, Or^Si, are formed ; with a still larger proportion of silicon, 
chromium ditritasilicide, Ckaftio, is formed ; and finally, witli the silicon in excess, 
chromium disilicide, Cr8i.^, is produced. H. Walter made the alloy directly from 
the elements. R. Frilley made the alloys by luxating chromic oxide with silicon 
carbide, or a mixture of chromic oxide, .silicon, and carbon ; L. Baraduc-Muller 
used a mixture of chromic oxide, silicon carbide, and carbon. H. Moissaif noted 
that chromium readily takes silicon from its surioundings-c.f/, thti materials of the 
crucible ; and A. Burgei likewise found it to occur when chromic oxide is reduced 
by calcium in glass or porcelain vessels. 

R. Frilley found alloys with up tif U) per cent, of silicon are matte, white, com- 
pact, and hard ; they have cavities lined with needle-like crystals. Alloys with 10- 
25 per cent, of silicon are dull and grey ; they di.sintepate easily, and crystallization 
is not w*oll defim^d. Alloys with 25-70 per ttmt. silicon are well crystallized with 
cavities lined with crystals ; the crystals with alloys up to 30 per cent, of silicon 
are acicular, those with 35-50 per cent, silicon arc prismatic, ])robably rhombic ; 
and with over 50 per cent, of silicon the prisms are replaced by fine needles. Alloys 
with over 50 per cent, silicon look like fused silicon. M. Fran9ois and C. Lormand 
examined the structure of the crystals. The following are selected from R. Frilley’s 
table of &p. gr., sp. vol, and mol. vol. : ^ 

^Percent. Si . 0 1024 23*21 3600 61-00 61 91 70 10 89-12 100 

Sp. gr„V 6-60 0-50 6-62 6*38 4-83 3 49 3 10 2-66 2 40 

Sp. vol. . . 0 161 0 163 0-178 0 189 0-207 0 286 0 322 0-381 0*416 

Mol. vol. . . 7-87 , 7-36 7 72 7*68 7*24 9 47 10-49 1118 11-66 

He says that points of inflexion on the sp. gr. curve correspond with CrgSi, CrSi2, 

and a compound chromium silicide, (kSi, which has not been isolated ; there are 
also singularities corresponding with CrgSi, CrsSio, and chromium trihemisilicide, 
CrgSig ; the sp. vol curve shows singularities corresponding with CrsSi, CrgSi, CrSi, 
Crisis, CrSii, and chromium heptahemisilicide, Cr2Si7 ; and the mol. vol. ^urvo has 
singularities corresponding with Cr3Si, Cr2Si, CrSi2, and Cr2Si7. The trihemisilicide 
was isolated by L. Kahlenberg and W. J. Trautmaim. R. Frilley shid that all the 
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chromium-silicon alloys dissolve when fused with alkali hydroxides, carbonates, 
and nitrates, and in fused sodium dioxide. Soln. of the alkali hydroxides, cold or 
hot, are •without action ; likewise also nitric and sulphuric acids. Hydrochloric 
acid in the cold rapidly attacks alloys with 20- 50 per cent, silicon, and is without 
action on the other alloys ; hydrofluoric acid behaves similarly but acts more 
vigorously*; aqua regia acts irregularly on alloys with up to 50 per cent, silicon, 
and is wilhout action on the others ; while a mixture of nitric and hydrgfluoiic 
acids easily dissolves these«!hlloys. P. Lebeau and J. Figueras add that the chromium 
silicides are not aiillogous to those of manganese, iron, cobalt, and nickel. 

G. J. L. de Chalmot prepared •chromiom filicide, CrSi 2 , by heating in an 
electric arc furnace a mixture of chromic oxide, charcoal, and m excess of silica ; 
and P. Lebeau hud J. Figueras, by melting copper, chromiunt, and an excess of 
silicon. G. J. L. de Chalmot stated that the grey needle-like crystals have a 
metallic lustre ; and sp. gr. 4 393. The compound is not attacked by cold hydro- 
chloric acid or aqua regia ; it is soluble in hydrofluoric acid, and in consequeiffce the 
admixed free silicon can be determined. • P. Lebeau and J. Figueras prepared 
chromium ditritasilicide, Cr 3 Si 2 , by heating in an electric arc furnace for^ mins, 
a mixture of 100 grins, of 12 per cent, cuprosilicon, and 4 grms. of chromium, *and 
washing the product alternately with 50 per cent, nitrit acid, and dil. sodium 
hydroxide. L. Baraduc-Muller made it by heating a mixture of chromic oxide, 
silicon carbide, and carbon. E. Vigourotix passed silicon tetrachloride over pul- 
verized chromium at 1200^^, and obtained this silicide as a crystalline grey powder. 
P. Lebeau and J. Figueras said that this silicide crystallizes in long, quadratic 
prisms, has a sp. gr, 5'6 at 0°, abrades glass, but not quartz, and is stable in moist 
or dry air at the ordinary Umip., but oxidizes superficially at 1100°. The silicide 
becomes incandescent when placed in chlorine at 400°, forming silicon and chromic 
chlorides : it reacts slowly with bromine at a red heat, but is not acted on by 
iodine. It is insoluble in dil. hydrochloric acid, but chromous “chloride is formed 
by soln. of the silicide in the warm cone, acid or by the action of gaseous hydrogen 
chloride. It is attacked by hydrofluoric but not by sulphuric or nitric acid. Fused 
potassium chlorate or nitrate does not attack the silicide, but it is converted by 
fused nlkali carbonates into the silicate and chromium sesquioxide, and by fused 
mixtures of alkalP carbonates and nitrates into the siJicato and’ chromate. 

H. Moissan obtained chromium hemisiliGide, Cr 2 Si, b^ heating a mixture of 
silicon and carbon to 1200° in a stream of hydrogen or in a carbon crucible in the 
electric arc furnace ; and also by heating in the arc furnace a mixture of 60 parts 
of silica, 200 of chromic oxide, and 70 of sugar-charcoal. In each case the product 
was washed with cold hydrofluoric acid ; some silicon carbide was aTways present 
as impurity. P. Lebeau and J. Figiieras made it by melting together a mixture 
of 78 22 parts of copper, 12 04 of chromium, and 8*92 of silicon, and treating the 
product alternately with nitric acid and a dil. soln. of sodium hydroxide. According 
to H. Moissan, the small prismatic crystals readily scratch quartz and corundum ; 
at a red heat, the compound readily burns in chlorine gas ; hydrogen chloride 
transforms it into silicon and chromium chlorides ; nitric acid has no action ; aqua 
regia decomposes the silicide ; molten potassium carbonate attacks it slowly, molten 
potassium nitrate quickly, forming in lach case silicate and chromate. Accord-^ 
ing to C. Zettel, when a mixture of 140 parts copper and 140 parts of aluminium is 
melted in a fire-clay crucible and 200 parts of chromic oxide, previously strongly 
heated, is added gradually, and after strongly heating Jor some time a small 
quantity of alurainiumi filings, there is a very energetic action. The metallic ingot 
obtained on cooling contains crystals of a chro^om tritasilicide, SiCrs, which 
is separated from the metal by the action of aqua regia. C. Matignon and 
^ Trannoy heated a mixture of chromic oxide, silica, and aluminium, and found 
the silicide separated easily from the alumina slag. L. Baraduc-Muller also made 
this silicide ; and P. Lebeau and J. Figueras made the same compound by melting 
together 84*32*B5*63 parts of copper, 10*83-12'83 of chromium, and l‘24r-4'36 
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of silicoii, sod tmting the product alternately with nitric acid and a 
sodium hydroxide. Grey prismafie crystals remain. According to C. Zettel, the 
sp. gr. of the crystals is 6-52 at i 8 ° ; they scratch glass ; they are decomposed by 
cold aq. hydrofluoric acid, but are not afiected by other acids ; they are readily 
attacked by chlorine and bromine at a red heat, by molten potassium chl/arate, 
and by a molten mixture of potassium carbonate and nitrate ; but fused ^pij^assijmi 
hydroxide attacks the silicidc slowly. . ’ , . 

H. N. Warren ^ prepared molybdenmn sifleide by heating a mixture of the 
oxide and silicon in an oxy*hydrogen blowpipe furnace. The 6 ryst^Iine mass so 
obtained was very hard ; it is decomposed byjiydrofluoric acid, and by chlorine 
at a red heat ; but other acids act on this silicide very slowly. R. Walter made 
the alloy directly fiom the elements. H. Moissan obtained a crystalline silicide 
by heating the constituent elements in the electric arc furnace ; and L. Baraduc- 
Muller, by heating at" 1720'’ for 10 mins., a mixture of 2 mols of molybdic 
oxide, 'bne mol of silicon carbide, and 3 gram-atoms of carbon, using a mixture of 
lime and magnesia as a flux. According to E. Vigouroux, tnolybdenum tnh€illi- 
8 ilioid 6 ,'^ 02 Si 3 , is obtained by heating, in a carbon crucible in the electric furnace, 
a mixture of crystallized silicon and the molybdenum oxides obtained by calcining 
ammonium molybdate ;< the crystalline product is disintegrated by electrolysis 
in hydrochloric acid, and the mixture of crystalline silicides is treated successively 
witli aqua regia, caustic jiotash, and hydrolluoric acid ; tlie removal of carbon silicide 
is elfected by means of cadmium tungstate soln., and the residue consists of 
molybdenum silicide mixed with more or less iron silicidc. When heated in chlorine 
at 300°, molybdenum silicide becomes ignited, silicon tetrachloride and molybdenum 
perchloride being produced. 0. P. Watts prepared molybdenum disilicidOy 
MoSi 2 , by fusing in an eh'ctric furnace a mixture of 70 parts of molybdic oxide, 
30 of silica, 00 of lioric oxide, 10 (> of copper, and 120 of aluminium, using cryolite 
as a flux, and lime to slow down the reaction ; he also made it from molybdenite, 
silica, and calcium carbide. In either case the product was successively treated 
with nitric acid, and dil. hydrofluoric acid. The resulting dark-coloured crystals 
contained a little boron and iron. 0 . Hdnigsehmid used a mixture of 10 parts of 
molybdic oxide, 90 of quartz sand, 100 of aluminium filings, and 125 of ftowers 
of sulphur. E. DefaCqz fused a mixture of 90 parts of 50 per cent.*cuprosilicon free 
from iron, and 10 parts o^molybdeuum for about 1 J mins, in an electric arc furnace ; 
the product was successively treated with nitric acid, dil. sodium hydroxide, hydro- 
chloric acid, and hydrofluoric acid (onfi water-bath), and water. Tht*non-magnetic, 
grey, microcrystalline plates had a sp. gr. 6‘2 at 0° ; 0. Honigsehmid gave 5’88 at 
0 ° ; and 0. P.'Watts, fi'31 at 20‘6°. E. Defacqz said that the silicide is not altered 
by heatiftg in a blowpipe flame and, according to 0. Honigsehmid, it is not afiected 
by heating to redness in oxygen. E. Defacqz said that it is not attacked by hydro- 
fluoric, hydrochloric, nitric, and sulphuric acids, by aqua regia, or by fused hydro- 
sulphates. 0. Honigsehmid found a mixture of hydrofluoric and nitric acids attacks 
the silicide vigorously ; and fluorine also acts vigorously at ordinary temp. ; 
E. Defacqz said that it is acted on by chlorine at 350°-400°, giving silicon chloride 
and molybdenum pentachloride ; 0. Honigsehmid said that bromine has scarcely 
tny action at a red heat. E. Defacqz found that the silicide is attacked by aqua 
regia cputainiug hydrofluoric acid at the temp, of the water-bath, giving molybdic 
acid ; and Sy fused alkali hydroxides or carbonates, or a mixture of these with 
alkali nitrates or chlorates. 

H. N. Warren ® prepared tungsten silicide by the same prftces^ as that employed 
for molybdenum silicide. The product is harder than molybdenum silicide, and 
its behaviour towards acids and chlorine is similar. H. Moissan also found that 
silicon unites directly with tungsten in the electric arc' furnace. R. Walter made 
allo 3 rs directly from the elements. The British Thomson-Houston Co. made the 
alloys by heating mixtures of tungstic and silicic acids and magnesium. R. Frilley 
said that the general methods of preparing tungsten silicides include (i) The 
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reduction of tungstic oxide by a mixture of silicon and carbon ; (ii) Reduction of 
tungstic oxide by silicon carbide ; (iii) Reduction of a mLxture of silica by carbon 
and tungsten ; (iv) Fusion of a mixture of tungsten and 92 per cent, forrosilicon ; 
and (v) The reduction of tungstic oxide in the electric furnace by an aluminium 
alloj^with 94 per cent, silicon. He said that alloys with 5-10 per cent, of silicon 
ar^ ina^t^, yellow, and fuse with difficulty. Alloys with 10-20 per cent, of 
silicon are steel-grey, and are hard enough to scratch glass and agate. •- Alloys 
with 20-40 per cent, silicon are more fusible, and easily split into thin plates. 
Alloys with 4O-60*per cent, silicon are granular and have a bluish tinge. Alloys 
with 60 per cent, silicon look like fused silicon. The sp. gr., sp, vol., and mol. vol. 
are selectee^ from R. Frilley’s table : # 

iMrcent. Si . ‘ . 0 10 10 20 50 :il'88 38*38 ^ (il OO 100 00 

Sp. gr. . 18-7 13*35 10*98 8*70 7*07 3*99 2*40 

Sp. vol. . . . 0*064 0*076 0*091 0*115 0*!41 0*261 0*410 

Mol. vol. . . 9*84 8*82 8*23 7*77 8*30 10*6 li*6 

The singularities in the sp. gr. curve arediaken to show the existence of the two 
silicides, WjjSis, and WSis. The singularities in the sp. vol. curve correspiJtid with 
the same silicides ; and those in the mol. vol. curve with the hemi- and frita- 
silicides but not with W2Si3. The alloys are attacked onl^ superficially by hydro- 
fiuoric acid, but they readily dissolve in a mixture of hydrofluoric and nitric acids. 
Hydrochloric, nitric, and sulphuric acidi^are without action. Aqua regia attacks 
imperfectly alloys with less than 18 per cent, silicon, and has no action on alloys 
with more silicon. Alloys with 18-35 per cent, of silicon are attacked only 
with difficulty by fused mixtures of alkali carbonates and nitrates, but alloys with 
more silicon readily dissolve in fused alkali carbonates. Alloys with up to 18 per 
cent, silicon oxidize superficially on exposure to air, but alloys with more silicon 
are not attacked at 1200*^. C'hlorine attacks the alloys at a red heat ; bromine 
and iodine have no action at GCHf. 

K. Vigouroux prepared tungsten trihemisilicide, W2Si3, by heating in the electric 
furnace a mixture of 1(X) grins, of silicon with 230 grins, of tungsten oxide obtained 
by heating ammonium tungstate. The heavy, brittle, crystalline product is 
suspended in dil. hydrochloric acid (1 in 10), and connected with the positive pole 
of a battery of t\fo or three cells, a carbon plate placed in the liquid being connected 
with the negative pole. The metal dissolves, and the silicide, which collects at 
the bottom of th(! vessel, is treated successively with aq*ua regia, ammonia, and 
hydrofluoric aoid, and any carbon silicide that<nay be ])re8ent is separated by means 
of methylene iodide. Tliis silicide forms steel-grey plates with a metallic lustre ; 
the sp, gr. is 1U 9, It is attacked by chlorine, with incandescimee between 200° and 
300° ; by bromine, without incandescence, below a red heat, and by iodine, •without 
incandescence, above a red heat. In oxygen, it burns very brilliantly at about 
500°, and in air it oxidizes below a red heat, but does not bum ; nitrogen is without 
action at any temp. The ordinary acids, including hydrofluoric, have no action 
even on heating. Aqua regia is practically without action, but a mixture of nitric 
and hydrofluoric acids attacks the silicide violently, even at ordinary temp. 
Alkalies in soln. have little action, but fused alkali hydroxides and carbonates 
decompose the silicide very readily, wMlst fused potassium nitrate acts with some • 
what less energy. E. Hefacqz prepared tungsten disilicide, W8i2, by ^^eating 
copper silicide with amorphous tungsten in an electric arc furnace ^nd w'ashing 
the resulting product successively with nitric acid, sodiuip hydroxide soln., warm 
hydrofluoric acid, and water. The crystals having a lower sp. gr. than 3*4 
(principally carbon silicide) were eliminated by washing with methylene iodide. 
The same product may also be obtained by reducing a mixture of silica and tungstic^ 
a^jhydride with sulphur and aluminium, the crystals being isolated from the button 
producei^ by the method already described, nitric acid being replaced by hydro- 
chloric. 0. Honigsehmid employed a similar process. This silicide is dimorphous, 
for when prepafed by the second method it occurs in brilliant, bright, grey, prismatic 
voL VI. o 
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needles, but when obtained from copper silicide it forms masses of brilliant, grey 
crystals. The sp. gr. is 9 4 at 0°. 0. Honigschmid gave 9-3 at 0 . The compound 
is not magnetic, and remains unaltered at 900'^ m air, is decomposed by eopper at 
1200'^, forming c(»pper silicide and tungsten, and is not affected by sulphuric acid or 
aqua regia, but is attacked by a mixture of hydrofluoric and nitric acids, yielding 
tungstic anhydride as a residue. Fused alkali hydroxides or carbonateac^conyert 
if intotho alkali silicate and tungstate, but melted potassium hydrogen sulphate 
is without action. Dry chlorine attacks the silicide easily at about 450°, yielding 
a mixture of silicon tetrachloride and tungsten hexachloride, and. this reaction 
can be utilized for the analysis of the compound# According to R. h rilley, tungsten 
tritasilicide, WSij, is obtained by reducing silica by carbon in the' presence of 
molten tungsten. ’I’he resulting alloy is powdered to pass a lOO’s sieve, washed With 
cone, hydrofluoric ac|d to remove ferrosilicon, with a hot cone, soln. of sodium 
hydroxide to dissolve graphitoidal silicon, and with dil. hydrofluoric acid to remove 
silica.* The small white crystals arc attacked liy clilorine at a red heat ; they are 
not attj^cked by hydrofluoric, hydrochloric, nitric, or sulphuric acid ; but a mixture 
of qitric and hydrofluoric acids attacks it vigorously. Molten sodium hydroxide 
attacks it slowly. A. Paez described the use of alloys of tungsten with 1-3 per 
cent, of silicon as filamAits for incandescent electric lamps. 

E. Dofacqz prepared uranium disilicide, USi 2 , from a mixture of 250 parts 
aluminium, 250 of sulphur, 180 of silica* and 56 of uranium oxide. The mixture 
after ignition and cooling was treated successively with hot 10 per cent, hydro- 
chloric acid, and dil. sodium hydroxide ; then with cone, hydrochloric acid, and 
hot nitric acid to eliminate any uranium-aluminium alloy ; and finally, with dil. 
sodium hydroxide, dil. hydrochloric acid, and water. The pale grey microscopic 
crystals belong to the cubic system ; and they have a sp. gr. of 8 at 0°. Chlorine 
attacks this silicide at 5(X)°, giving the chlorides of uranium and silicon. Cold 
hydrogen fluoride dissolves it readily, whilst oxidizing agents have little action. 
Although stable in air at a red heat, it burns slowly in oxygen at 800°, and is 
decomposed on fusion with alkalies, alkali carbonates, or potassium hydrosulphatc. 
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Manganese silicicle was made by C. Brunner i by reducing manganese oxide 
witlyjarbon in the presence of silica ; the regulus contained 6-8 per cent, of silicon. 
The manganese prepared by C. Brunner by reducing the halide with sodium always 
contained over one per cent, of silicon, and if the reduction occurred in the liresence 
of silica or potassium fludsilicate, the product contained nearly 10 per cent, silicon. 
F. Wohler made afsilicide by heating manganous fluoride, cryolite, water-glass, and 
sodium covered with a mixture sodium and potassium chlorides in a fireclay 
crucible ; by melting a mixture of sodium fluomanganite, flu^spar, water-glass, 
and sodium ; or a mixture of manganous chloride, fluorspar, pStassium fluosilieate, 
and sodium ; or a mixture of manganous chloride, quartz sand, cryolite, and 
sodium. H. N. Warren heated manganese oxide and sificon to a white heat ; 

Matigiion and R. Trannoy used ^le thermite process with a mixture of maifganese 
oxide, silica, and aluminium ; and L. Trooit and P. Hautefeuille found the elements 
unite directly at a high temp. R. Walter used a similar process. E. ¥*. Price 
smelted electrically a mixture of manganese, silicon, and carbon. Accordiflg to 
P. Lebeau, commercial manganese obtained by tln^ thermite process contains 
manganese silicide, and commercial manganese silicide is a mixture of Mn.^Si and 
MnSi with a little iron and silicon carbide* and a trace of calcium. M. A, Sanfourche 
studied the limiting range of silicon in these alloys. 

According to R. Frilley, alloys with 2-10 per cent, of silicon are lustrous and 
grey, those with 8 per cent, have the ajipearance of a mass of steel-grey, prismatic 
crystals. Alloys with 10-30 jier cent, of silicon are whiter and mor(‘ lustrous, 
and the crystals increase in tin* alloys with up to 25 per C(*nt. of silicon and form 
large confused masses. Alloys with 30-45 jier cent, of silicon arc grey and 
matte, and spoilt am-ously break up into jiowder. Alloys with 45-50 per cent, of 
silicon are very lustrous, and resemble ferrosilicon with 50 per cent. Si. Alloys 
with over 50 per cent, -silicon a]>])ear like masses of crystalline silicon. The sp. gr., 
sp. vol., and mol. vol. of a selection from R. Frilley’s table are : 


Pei' cefn. Si 

u 

8'H 

20*18 

33-00 

45*28 

59 08 

82*70 

100*00 

Sp. gr. 

f-m 

()17 

5-80 

:>'3f> 

4*«,5 

3*02 

2*74 

2*40 

Sp. vol. 

O'l.’US 

()'1()2 

01 72 

0181 

0*215 

0*270 

0*305 

0*415 

Mol. vol. . 

IVA 

8*21 

7 92 

7*.'i3 

8*21 

d>*03 

11*17 

11*00 


The sp. gr. curve shows singularities corresponding with MiioSi, MnSi.^, MnSi, and 
manijatu'ne pent das ilicide, Mn 5 Si. The sp. 

vol, curve shows singularities correspond- 1 T~] r~ 

ing with MnSi, MnSio, but not Mr^Si ; • - - , 

and with the mol. vol. curve there arc - ^ 

singularities with Mn 5 Si, MnSi, and * ^ 

MuSi 2 , but not Mn^Si. The alloys are ^ J 

all brittle, and fracture easily. L. Bara- ^ ~ / 

duc-Muller studied their coetl. of expan- ^ 'Y i ' ' " / 

sion ; and F. Dorinckel, their m.p. The \ X 

f.p. curve. Fig. 18, shows two niaxima*at -uJ- * 

21 '3 and 33*8 per cent, by weight of o 

silicon respectively, corresponding with • - 

the composition of the compounds MngSi ' — -~1 

and MnSi, as well as three eutectic points {,oo(n — L ... L i ll — — — — — U 

at 1075'’ and 11 per cent., at 1239° and ^ ^ ^ 

30 per cent., and at 1135° with 50 per 

cent, by weight of silicon respectivelv. Fio. 18.-Equilibriurn Diagram of 
Between,50 and 100 per cent, by weight anganese- i con oys. 

of- silicon, microscopic observations indicate the presence of a third compound, the 
crystals of whfch are characterized by fine parallel markings, but its composition 
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could not be determined by thermal analysis owing to the slight alteration in the 
m.p. of the alloy with change of cone, from 45-50 per cent, silicon. The com- 
pound in question cannot; be MnSL, which would contain 50'8 per cent, of silicon, 
whereas crystals of the latter element can be defected in alloys containing only 50 
per cent, of silicon. P. Leheau by treating the alloys with various solvent^ and 
analyzing the residues, has arrived at the conclusion that three confJi^«hds of 
m&nganese and silicon exist, the respective formulae of which are Mn 2 Si, MnSi, and 
MnSi 2 . From alloys containing 0-10 per cent, of silicon,* mixed crystals separate. 

L, Troost and R. HautefeuiUe studied the heats of formation*of the manganese 
silicides. E. Wedekind showed that unlike many other manganese compounds, the 
silicides are always non-inagnetic. G. Tammann measured the electrode potentials. 

R. Frilley founcl that alloys low in silicon are oxidized in moist air at a red he^t, 
being covered by une nellicule irme ; those with over 30 per cent, silicon are not 
oxidized at KXX)'". Cldorine, bromine, and iodine readily attack the alloys at a 
red heat. Hydrochloric a(;id easily dissolves iif the cold, alloys with up to 20 per 
cent, syicon ; with more siliciferous ^loys the attack becomes feebler, and is 
8Up<yficial and scarcely perceptible with alloys having over 45 per cent, silicon. 
Hydrofluoric acid alone dissolves in the cold all alloys with up to 50 per cent, 
silicon ; the residue contains a little carbon present as impurity ; the attack with 
alloys having over 50 per cent, silicon is only partial, and a residue of graphitoidal 
silicon remains. A mixture of nitric amf hydrofluoric acids readily dissolves these 
alloys. Gone, or dil., hot or cold sulphuric acid is without action; nitric acid 
partially attacks alloys with less than 20 per cent, silicon, and is without action 
on more silicif<>rous alloys. Manganese-silicon alloys are readily attacked by 
fused alkali hydroxides or carbonates, or better a mixture of alkali carbonate and 
nitrate. Dil. aq. soln, of alkali hydroxides slowly attack all alloys with over 
20 per cent, of silicon, and with a prolonged action, the residue has nearly 20 per 
cent, silicon. W. Jenge studied the. action of soln. of chlorides, bromides, iodides, 
nitrate's, sulphates, sodium hydroxide, sulphuric acid, and hydrochloric acid on 
manganese silicides. He found that only MnSi^ was non-resistant to acids, and 
all the silicides were resistant to sodium hydroxide, 

P. leheau made manganese hemisilicide, Mn-^Si, by luxating in a covered larbon 
crucible in an electric furnaefi, a mixture of 10 grins, of crysttflline silicon, and 
100 grins, of cupromanganese with 22*35 per cent. Mn. The regulus was treated 
alternately with 50 p<‘r cent, nitric acid, and a 10 per cent. aq. soln. of sodium 
hydroxide ; he also heated to redness a mixture of sodium (184 ])rfrt8),j)otassium 
fluosilicate (204 parts), manganese oxiile (92 parts Mn 304 ), and copper flOO parts). 

E. Vigouroux prepared the same silicide (i) by heating silicon with nine times its 
weight of manganese in thti electric furnace and treating the product first with 
water, then with dil. hydrochloriq. acid, and finally, and ra})idly, with dil. hydro- 
fluoric acid ; or (ii) by heating in the electric furnace a mixture of 1 jiart of silica, 

3 parts of manganoso-manganic oxide, and one part of sugar-carbon, and treating 
the product as above ; or better, (iii) by heating silicon with 4 or 5 times its weight 
of manganoso-manganic oxide in a porcelain dish in an atm. of dry hydrogen up 
to the sbftoning point of porcelain ; (iv) by firing a mixture of silica, manganese 
'’oxide, and aluminium, and allowing the flux to cool very slowly, a brittle mass is 
obtaiiu\l wliicli, after extraction with dil. hydrochloric acid and then with dil. 
hydrofluoric acid, consists of crystals of the manganese hemisilicide, Mn 2 Si, which 
is decomposed by the action of warm hydrochloric or nitric acid, and in this respect 
differs from P. Lebeau’s compound of the same composition? Attempts to prepare 
a silicide containing a higher proportion of manganese than the one described above 
were not successful. Manganese hemisilicide, said E. Vigouroux, furnishes well- 
defined crystals lustrous and st^el-grey ; it is hard and brittle ; its sp. gr.=6*6 
at 15®. P. Lebeau gave 6*2() at 15®. According to E. Vigouroux, it doeanot alter 
when exposed to air, and molts at the temp, of the reverberatory furnace. Fluorfne 
attacks it at the ordinary temp., chlorine at about 500°, and iodihe and bromine 
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at Uglier temp. ; oxygen and air attack it at a red heat. Dry hydrogen fluoride 
decomposes it readily, especially if gently heated, hydrogen chloride below a red 
heat, and hydrogen iodide at higher temp. ; water is without action at 1(X)°, but at 
a red heat decomposes the silicid^ with liberation of hydrogen. Dil. acids attack 
it re^ily, and cone, acids, especially hydrofluoric acid, are violent in their action ; 
anaq. s Jn. of potassium hydroxide is without effect, but the solid substance attacks 
the finely powdered silici^e when heated with it, and fused alkali carbomrtes *or 
mixtures of carboqpte and nitrate oxidize it readily. M. Wunder and B. Jeanneret 
found that het phosphoric acid of sp. gr. 1*75 dissolves manganese silicide, forming 
a clear liquid. • 

A. Carndt and E. Goutal found that when commercial ma^anese is dissolved 
in Mil. sulphuric acid with the exclusion of air, an amorphous powder, probably 
manganese silicide, MnSi, remains. P. Lebeau prepared Jhis compound by the 
process employed for the hemisilicide using 25 grms. of silicon to 100 grins, ^f the 
(HI promanganese in the one process, %nd 100 grms. of sodium, 215 grms. of jKitassium 
fluosilicate, 23 grms. of manganese oxide* and 50 grms. of copper in thg other. 
This silicide furnishes lustrous tetrahedral crystals of sp. gr. 5*90 at 15*^ ; they 
scratch topaz, but not corundum. Steam, and oxygen at 10(X)°, oxidize the silicide 
only superficially ; it is readily attacked by the halogen# ; the hydrogen halides 
attack it easily ; boiling hydrochloric |icid attacks it superficially ; hydrogen 
sulphide has no action at 800'’ : nitric acid and sulphuric acid, hot or cold, dil. or 
cone., do not attack the silicide ; carbon at a high temp, forms silicon carbide and 
manganese ; and silicon forms the higher silicide. G. J. L. do Chalmot prepared 
an impure manganese disilicide, MuSi 2 , by melting together manganese oxide (5 
parts), wood charcoal (15 parts), quartz (40 parts), and calcium oxide (15 parts) in 
an electric furnace. P. Lebeau employed the same process in the case of the hemi- 
silicide, but using 14*9 per cent, of copper, 80*43 of silicon, and 3*25 of manganese. 
The disilicide forms small, dark grey, apparently octahedral crystals having a 
density 5*24 at 13’; it is not attacked by nitric or sulphuric acid, but is readily 
soluble in hydrofluoric acid and quickly dccompo.sed by cone.* aq. soln. of alkali- 
hydro.xidos. 

Ai-cordin^' to (i#(.5in, when Hiodonit^ is reduced in the ^Itwirie furnace a crystalline alloy 
of Hihcou inid mangune.se is obtained and its analysis indicates that it contains 95 j>er cent, 
of crystalline manganese ditrltasiliclde, MiijSij, which forms b*ilhant, prismatic crystals, 
8oraotimo.s 5 cms. long ; t he sp. gr. is 0-()5 at I5‘’, and tho m.p. 1 250'’-! .300\ The compound 
is attacked by clriorine with incandescence at a rod*hent ; it is not changed by oxygen at the 
ordinary temp., but is ai^M'rficially oxidized at 500 ; and it is readily attacked by 
the gas»‘ou8 halogen acids, by nitric or hydrochloric acid or aqua regia, or iiy fused alkali 
carbonates or mixtures of carbonates and nitrates, whilst sulphuric acid has no action on 
the compound. P. Lclieau questions thi^cxistence of this silicide as a I’hemical intlividual. 

Near the beginning of the last century, H. Davy ^ found that an iron wire 
heat.C(l electrically to whiteness in contact with .silica slightly moistened, and in 
hydrogen ga.s, becomes brittle and whiter, and furnishes silica when dissolved in 
acids. H. Davy here obtained a soln. of silicon in iron. J. J. Berzelius also 
obtained an analogous product by heating silica and carbon in the prosence of 
iron. He later heated to whiteness admixture of potassium fluosilicate and iron* 
filings, and washed the iron and potassium fluorides with hot water. The resulting 
iron silicide dissolves in acids — even in hydrofluosilicic acid. E. D. Clirke exjxised 
silica in contact with iron in a charcoal crucible to the oxy-hydrogen blowpipe flame 
and also obtained a soln. of silicon in iron, or of iron in sflicon. 0. Hackl found 
ferrosilicon in confmercial calcium carbide. J. B. J. D, Boussingault fused iron 
in a fireclay crucible and obtained an alloy with 0*54 per cent, of silicon — pre- 
siynably derived from siliceous materials of the crucible. He said that the alloy 
was mor^ difficult to file and to hammer than iron without the silicon. H. St. 
C. Deville and H. Caron prepared alloys of iron and silicon, and said that a kind 
of silicon-steel'^/ort/c is produced which has many properties in common 
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with the ordinary carbon-flteel. C. Winkler confirmed this result without isolating 
any definite compound. H. Moissan found that if a cylinder of soft^iron be 
embedded in crystals of silicon, and heated at the temp, of a good forge, the silicon 
penetrates to the centre of the cylinders although the iron does not fuse, and a 
silicide is formed. This is taken to show that silicon has a distinct vap. ^^ress. 
below its in.p. P. Leboau found that the combination occurs even at 9S0 , and 
says tTltj' process resembles the cementation of iron, by carbon. L. Grenet, 
P. Lebeau, J. E. Stead, H. Mois.san, and R. T. Haslam anfj L. E. Carlsmith 
studied the cementation of silicon in steel ; and H, G. C. Fairwcathftr, the alloys 
of silicon, chromium, and inangane.se, ® 

Iron-silicon alh^ys are made commercially and used as a means of introducing 
specified proportions of .silicon into steel, but mainly as a deoxidizer. The alloys 
were formerly made in a blast furnace, and contained about 14 per cent, of 
silicoiir-tbe rna.ximum was about 20 per cent. To-day, the alloys are made in 
electric fiiriiace.s, with a content 25 .*10, 45-55, afid 75-80 })er cent, silicon, and even 
with 9(Vper cent, silicon. E, DonatF’ and M. Haissig recommend the term 
forrosilicon be u.sed for iron-silicon alloys with more than 5 per cent, silicon ; 
W, Pick and W. (lonrad have discussed this subject, A. Ledebur says that the 
term Siliziumemn should be used for iron alloyed with small proportions of silicon, 
and Ferrosiliziim for iron alloyed with .high proportions of silicon. The name 
ferrosilicine was suggevsted by G. IJ. Shepard for a metcoritic iron- -iron, 84 ‘00 per 
cent , silicon, 1.‘1‘57 per cent, -found at Rutherford (North Carolina). J. W. Mallet 
suggested that iron silicide wa.s coiitaim‘<l in the iron from Staunton (Virginia), 
arid C. Winkler likc^wlse found iron silicide -possibly Fe.^Si- in the iron from 
Rittorsgriin (Saxony). 

According to H, Walter, the reaction between iron and silicon begins at about 
1250°, and owing to the rapid development of heat, the temp, rises to about 1800°. 
Ferrosilicon is made commercially in several grades determined by the ])roportiou 
of silicon. The analy.ses in Table T are selected from the report of S. M, Copeman, 
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0-12 
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90 per cent 
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88-20 

94-80 
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11-23 
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0-12 
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0-001 
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0-00 1 

1-40 

Ir. 

0-08 

i 




*S. R. Bennett, and H. W. Hake. The blast furnace product had 0 06 per cent 
arsenic, -aiu^he iron was determined by difference. In general, the charge consists 
of a mixture of .steel tiirninga, anthracite coal, and quartz. The proportion of 
iron IS determined by the desired percentage of silicon in the ultimate product. 
The mixture is shovelled into the electric resi.stance furnace, ^nd replenished as 
often as room is afforded by the melting of that already in the furnace. The molten 
alloy is removed from the bottom of the furnace by periodical tapping— say every 
45 mins.—and run into a bed of sand, and the surface of tlie molten ingot is skimmed 
with a piece of green-wood to remove the slag. When the alloy has cooled, it is 
broken into pieces, and packed for transport. The furnace is circular and’built 
of firebrick, with one vertical graphite cathode suspended over the mouth of the 
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furnace, and the anode forms a portion of the floor. The anode is made by ramming 
prepared retort carbon or graphite into an opening in the floor of the furnace. 
Arrangements are made for raising or lowering the vertical electrode as desired. 
The temp, of the furnace approxi^iates 2000°. The process is continuous, and the 
furn^es may be run for over a year without stopping. The electrodes are somo- 
tim^^.r-^Wr-cooled and they are renewed every few days. In one furnace, a ton 
of 30 per cent, ferrosilicon required 3500 kilowatt hours ; and in another.^ h<i). 
were needed per ton of 30**per cent, ferrosilicon. The impurities in the final product 
are determined by* the impurities present in the raw materials. There are many 
modifications in detail. • 

A large fiumber of patents has been registered — by J. Holl(^y, E. A. 0. Viel, 
H: Aschermann, B. Scheid, Gr. Gin, L. d’E. Muller and L. H. Baraduc-Muller, 
C. A. Keller, E. Straub, M. F. Matt, H. N. Potter, E. F. Price, F. J. Tone, F. Laur, 
K. A. Kuhne, E. Jilngst and R. Mewes, A. Sinding-LarSen, M. von Schwarz, 
V. C. Bertholus, C. H. Homan, F. J. Tone, W. Conrad, W. Pick, R. Ambergs'etc.— 
for the preparation of ferrosilicon. G. J. K. de Chalmot used a mixture of iron ore, 
sand, and coke ; H. Aschermann used a mixture of iron sulphide and quartz : 
FcS-|-SiOo--S 02 +FcSi ; W. Rathenau used a mixture of lime, anthracite, sTlica, 
and iron, and obtained both calcium carbide and ferrosilicon. W. Borchers and 
A. Dorsemagen heated ferruginous zinc blende, quartz, iron, and coke in a closed 
electric furnace and collected the zinc "simultaneously given oil. G. Gin used 
barium sulphate, ferric oxide, quartz, and carbon; and represented the reactions 
BaS 04 ^ SKL f-C -BaSiOa+^^Os-f CO ; and BaSiOa-j-FcoGa f 5(.^-Fe2Si-fBaO 
l-oCO. E. A. 0. Viel and M. Jeantet fused a mixture of clay with iron in an 
electric furnace. 

Silicides with Fe : Si -3 : 1, 2 : 1, 5 : 2, 3 : 2, 3 : 4, 1:1, 1:2, and 1 : 3 have 
been reported. Iron tritasilicide, Fe-aSi, has not been isolated, and it does not 
appear on W. Gnertler and G. Tammann’s diagram. Fig. 18; its existence has 
not boon welb<‘stablished. T. Naske assumed that ferrosilicon made in the 
blast furnac(; contained the tritasilicide which he isolated by treatment with dil. 
sulplmric acid. A. Carnot atul E. Goutal found that siliciferous spicgeleisen, with 
20 p('?cent. manganese, contained manganese iron tritasilicide, (Mn, FejsSi, which 
they isolated by f reatment with dil. sulphuric acid. •A. Jouve also found character- 
istic crystals of the hemisilicide in commercial ferrosilicons. E. D. C-ampbell and 
co-workers have studied the heat of soln. of silicon in nioften iron and, by analogy 
with tin* well-Ucfined iron tritacarbidc, FcgO, compute for the heat of formation 
(Fe;iSi)„ -133'l cals. ; and for the reaction Fe 3 C-f Si--C4Fe3Si-|-17‘6425 Cals. 
11. Hahn described the formation of iron hemisilicide, Fe 2 Sj, by m(flting together 
iron (40 grins.), silicon (5 grms.), sodium (25 grms.), ammonium chloride (150 grins.), 
and §odium chloride (80 grms ). According to H. Moissan, the hemisilicide is 
obtained (i) by heating iron to the softening point of porcidain in a porcelain 
dish brasqued with silicon, (ii) By heating iron with one-tenth its weight of 
silicon in a crucible in the electric furnace for four minutes with an arc from a 
current of 900 ampe^rcs at 50 volts. With a higher proportion of silicon, the 
product is not attacked by acids, (iii) By heating in the electric furnace » mixture 
of ferric oxide with excess of silicon,* silica being volatilized. In all cases, tho* 
jiroduct is treated with nitric acid dil. with four times its volume of water. The iron 
silicide forms small, magnetic, prismatic crystals, with a metallic lustre ; sp. gr. 
--7 (X) at 22°. Its m.p. is higher than that of cast iron, and lower than that of 
wrought iron. HydrSfluoric acid attacks it readily, and hence it is not identical 
with the silicide of sp. gr. 6*11 at 23°. H. Hahn said that it is not attacked by this 
acid. Hydrochloric acid slowly attacks the finely powdered silicide ; nitric acid 
has no action, but aqua regia decomposes it, with formation of silica. The gaseous 
hydrogeE halides attack it at temp, varying from dull to bright redness. Potassium 
nitrate and chlorate, at their m.p., have no action on it ; fused alkali carbonat^ 
attack it slowfy, and a fused mixture of a nitrate and a carbonate decomposes it 
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readily. P. Lebeau prepared a homisilicide by strongly heating iron with twice 
its weight of commercial copper silicide containing 10 per cent, of silicon, the 
product being treated with nitric acid (1 : 10) and purified in the usual ^ay. It 
forms long, brilliant, grey crystals with octaheciral terminations. In sp. gr. and 
chemical properties, it is identical with H, Moissan s silicide ; and it can be ii^^ted 
from commercial Icrrosilicons which contain 10-20 per cent, of md 

have bean prepared at a high temp. E. Vigouroux obtained the heniisilicide by 
the action of silicon tetrachloride on iron at a dull red heat or at 1100 . A. Carnot 
and E. Goutal found that spiegeleisen poor in manganese furnishes prismatic crystals 
of the heniisilicide when treated with very dil sulphuric acid, and treating the 
residue 8ucce.ssivete with a soln. of potassium hydroxide and dil. sulphuric acid. 
It differs from 11. Moissan’s hemisilicide in being readily attacked by hot dil. 
acids. T. Murakami obtained no evidence of the hemisilicide on the equilibrium 
diagram ; and W, (ron\ermann regarded it as a sat. solid soln. of iron monosilicide 
in iron. t 

A. ('»rnot and E. (jontal found t-tiat whon iron is dissolved in dil. hydroehlovic acid out 
of contart with air, tho greater part of the silicon js left undissolvod in the form of an iron 
silicide, EeiSi. The remainder of the silicon is converted into tho hydroxide, SiO(OH)j, 
and seems to exist in the irty i in tho form of Hilichle,s intermediate between iron ditrita^ilicide, 
FegSi-j, and iron dipentilattihcidc, Fi'jSij. Wlion the iron contains manganese, practieally 
tho whole of the latter is found in comhimitioi? with the silicon m the insoluble residue, and 
it would seem to follow that silicon combines wdth manganese in preference to combining 
with iron, J. T. Pelouze and E. FriSmy also prepared crystals of what was regarded as 
iron ditritamlkidi', FojHij, m 1804 ; and octahedral crystals are produced by melting together 
Quartz, iron, and carbon ; and (», J. L. do Chalinot by heating the same materials m an 
olectrie furnace, and washing the product with dil. hydrofluoric acid. Tlie last-named 
said that the sj). gr, is 0^‘10, and that the compound readily dissolves in aqua regia, liydro- 
fluorio acid, and m fusi'd alkali carbonates. A. Jonvo doubted the existence of these 
silicides ; W. (hiertler and fl. Tanunnnn found no signs of them on tho f.p. curve. Fig. 18, 
but K. Frilloy found evidence of FojSij of iron tnheiniHilicide, Fo^Si.,, and of iron triktrda- 
nilividc, Fo^Si 3, on the sp. gr, curve. There is no other evidence' of the existence of FojSi j, 
and FojSij. 

H. Hahn made crystals of an iron silicidi; by reducing sodium cliloroferrate with 
sodium in tho presimco of sodium fluosilicate. The analysis corresponds* with 
FcioSia, and he assumed it tixlx! a mixture of iron hemisilicide 'and iron mono- 
silicide, FeSi. The sp. gr. was 6‘231) at 19“. E. Fremy made the monosilicide by 
the action of silicon tetrAcbloride on red-hot iron. The yellowish-grey octahedral 
crystals were very hard ; insoluble in. aqua regia ; and were decomposed by fused 
alkali carbonates. E. Vigouroux could not make the monosilicide by E. Freiny’s 
process; he abtained the hemisilicide Si(’l 44 4F('~2FeC'l2+Fe2Si, at a dull red 
heat or at 1100'’. F. Lebeau produced this suicide by heating iron with an excess 
of copper silicide. He said that this silicide is sometimes found in geodes in com- 
mercial ferrosilicon. A. Carnot and E. Goutal (vide supra), and A. Jouve* also 
iioteil (irystals of the monosilicide in ferrosilicon. In the interior of the siliceous 
mass obtained from an electric furnace in wliich roke, sand, and lime were heated 
together at a temp, of about .‘KXHF, R. Ji. Vanzetti found metallic buttons having 
a sp. gr, ,5'7r) 0‘29. a hardnes.s of about 7 on Mohr’s scale, and the composition 
foSi --r/Vic infra for sp. ht. The chemical (^laracters of the substance point to its 
being a ^heinical individual, as also does the absence of magnetic properties. The 
iron, which (^’curs to the extent of 3 jier cent, as ferric oxide in the coke, doubtless 
combines firstly with carbon, the latter being subsequently displaced by silicon 
formed by reduction of the silica present. Similar experimrats at a higher temp, 
than 3000'’ yielded masses varying in appearance and sp. gr. (3 96-5 ’54) and more 
readily acted on by reagents than FeSi. W. Guertler and G. Tammaim observed 
tho formation of this compound in their study of the f.p. curve of iron-ailicop 
alloys. Fig. 19 ; and R. Frilley obtained evidence of its existence on thq sp. gr. 
curve. 

T. Murakami found evidence of iron tritadisilicide» FegSig, on the equilibrium 



^ICON . 201 . 

diagram ; above 1100°, it dissociates into iron and the monosilicide ; the trita- 
disilicide separates primarily at about 1020° in alloys contAining over 23 per cent, 
of silicoh, and it is formed by the union of iron with the monosilicide. H. Hahn 
treated the regulus of iron hemi^licide vith dil. hydrofluoric acid and obtained a 
crys^llino residue corresponding with iron disilicide, FeSi 2 ; 0. J. L. de Chalniot 
foina crystals of this compound, along with FcsSio, in 39-50 per cent, ferro- 
silicon. He said that sipce both silicides are attacked by hydrofluoric a(id, itf is 
difficult to separate them* The mixture is suspended in water, and the acid gradually 
added in small quantities at a time. Ho said that this silicide is brittle, crystalline, 
and non-magnetic, and has a spfgr. 4’851. P. Lcbeau obtained small lustrous 
crystals of*the disilicide by treating iron wdth an excess of sj^con in an electric 
furnace ; the results with copper silicide and iron were negative. He said that 
the dark grey crystals have a sp. gr. 5 40 at 15° ; their hardpess is between 4 and 5. 
The disilicide is oxidized superficially in oxygen at 1200° ; it inflames in contact 
with cold fluorine, and at a dull«red heat in chlorine or bromine ; iodine reacts 



less energetically at a still higher temp. All mineral acids, hot or cold, dil. or 
cone., arc without action, but hydrofluoric acid reacts slowly in the cold and rapidly 
when heated. Soln. of alkali hydroxides have no ajipreciable action in the cold, 
but they act slowly when heated. Molten alkali hydroxides quickly decompose 
the disilicide. A. Jouve regards the alleged disilicide as a mixture. Naske 
claimed to have isolated iron IrisiJici^e, FeSi 3 , by treating 50 per cent, ferrosilicoii 
with hydrofluoric acid, but the inference has not been confirmed. •, 

The equilibrium diagram. Fig. 19, of the silicon-iron alloys has "been worked 
out by W. Guertler and G. Tammann, A. T. Lowzow, N. Kumakofl and G. Urasoff, 
and T. Murakany. According to W. Guertler and G. Tammann, for all alloys 
with up to about 20 per cent, silicon, solidification begins by the formation of 
solid soln. of iron and the hemisilicidc, Fe 2 iSi, in the region AahE ; below AaE^ 
there is a solid soln. with Fe 2 Si, forming primary crystallites. Hence, 20 per cent, 
ferrosiliaon Ls iron hemisilicidc melting at 1251°. The microstructure deiMjnds 
on the rate of cooling. Alloys with 20-21*6 per cent, silicon have the f.p. curve 
EEi \ with a portion above 1235° consisting of the hemisUicide and melt, and below 
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1235°, of th(i homisilicide and the eutectic Ej. The remainder of the diagram 
explalnH itself. M, A. Sanfourche discussed the limiting range of silicon in these 

alloys. W. Gontermann worke'd out a 
more ^detailed diagram, Fig. 20, for 
alloys with up to 21 '4 per ceijf^. of 
silicon, where the dotted lines ilMer‘*to 
curves not established by experiment. 
The assumption is m{j,de that with less 
than 15 per cent, silicon two different 
„ , crystlls are formed on cooling, namely, 

' mixed crystals of iron ‘and sibcon 

containing about 15 per cent, of silicon, 
and crystals of the composition FeSi. 
Silicon is soluble to the extent of about 
15 p^r cent, in all the allotropic forms 
of iron. The effect of silicon on the 
\feSi\fi-Mixed allotropic forms of iron is also illustrated 
in the diagram. From the observations 
of F. Osmond, J. 0. Arnold, P. Ober- 

^ hoffer, and T. Baker, it follows that 

a- Hi/ed crystals ]FeSi\c(- Mixed crystals transformation a-Fe^jS-Fe is 

! / I I lowered by 7-8 per cent, of silicon ; 

,, .... .. ' (ii) the transformation JS-Fcv^y-Fe is 

'>y aHditiomup to 27 per 
cent, silicon ; and the transformation 
lA' is lowcH'd as in the following manner, determined by R. Ruer and 



crystals 


Fio 20. 


y-Fe^ 

H. Klesper; 


Per cent. Si . 0 O-) o-4 0-0 O’S 1-0 1'2 

Transition temp. . lUM" MOl” i:n>2" 1385" KHo" 1365° 1335° 

C. Schools studied thi; effect of silicon on the solubility of iron carbide in y-iron. 
G, J. Snelus, L. L. do Koninck and A. Ghilain, etc., tried to find how the silicon is 
associated with the iron. E. II. Morton, and L. Troost and P. IJautefeuille, said 
that the silicon is chemically combined and not mcclianically mixed. According 
to R. Frilloy, alloys with 5-15 per cent, of silicon have the appearance of grey 
steel. Alloys with 15--35 per cent.^of silicon are compact, white lustrous, and 
are readily fractured under the hanimer. Alloys with 35-55 per cent, of silicon 
are lustrous an^l grey, and they are not readily fractured under the hammer. Alloys 
with ovej 55 per cent, .silicon have the colour o^f fused silicon, and crystals of silicon 
are often present. Geodes lined with crystals*are also present. 

The microstruoturo of the alloys has been investigated by M. von Schwarz, 
F. Osmond, J. 0. Arnold, T. Baker, L. Guillet, M, Francois and C. Lormand, 

E. Gmnlich and F. Goerens, A. B. Albro, P. Paglianti, T. D. Yenson, W. Guertler 
and G, rainmann, etc. The general results show that with less than 15 per cent, 
silicon, tlmre is only one kind of crystal present in the alloys ; with the low silicon 
^eels when carimn is present, cementite crystals are also present ; when over 3 per 
i ent. of silicon is present, carbon vseparates as graphite and not cementite. Aceord- 
ing t-o J<TI. Andrew, what W. Gontermann regarded as the Arj-break in the cooling 
curve of iron was in reality the Ar^j-g break. It is probable that with as much as 
10 per cent, of silicon, this^mint is raised to the temp, of freezing;, a-iron being formed 
immediately on freezing and the carbon thrown out of soln. He suggests some 
modifications in W. Gontermann’s diagram to cover the elimination of the Ar-point. 
W. Gontermann, and F. Wiist and 0. Petersen studied the ternary system : Iron- 
carbon-silicon. They found : 

Percent. Si . 013 0 - 6 « 1-41 2*68 3 09 486 1364 ^ 6*93 

Permit. C . 429 405 3-88 3-56 3 32 3 08 1 94 0-87 

F . p. . . 1138 ° 1152 ° 1160 ° 1185 ° 1197 ° 1210 ° 1233 ° 1255 '* 
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The solubility of carbon in iron is diminished by silicon, and carbon is precipitated 
if sufficient silicon be present— say 4 per cent. The carbon separates as graphite, 
even wlft*n the soln. is rapidly cooled from the molten state. W. Gontemiann 
suggested that the graphite is part^ formed by the dissociation of a silico-cementite, 
and partly as a deposit from a supersaturated soln. of silico-austenite. Accord- 
ingi ^ H.* Moissan, the fact that the displacement of carbon by silicon is not 
quite complete is probably due to the establishment of a state of equiji})rium 
between the iron silicide and the iron carbide, the conditions of equilibrium varying 
with the tem^). and with the impurities which are always present in white or grey 
cast iron. G. Phragmen found that with iron containing above 17 per cent, of 
silicon, the*X-radiogram of iron became weak, and at 30 p^ cent, silicon was 
entirely replaced by one corresponding with FeSi ; at 40 jlfr cent, silicon the 
lattice of FeSi 2 appeared ; and at 50 per cent, silicon, this alone existed. No signs 
of Fe.^Si or of Fe 3 Si 2 were observed. G. Tammann disciisSed the. space-lattice of 
iron hemisilicide. G. Tammann and K. i)ahl tested the brittleness of the stlicidc. 
They found no gliding planes, and noted tihat the alloy becomes soft 50° below the 
m.p. * 

Determinations of the specific gravity have been made by F. Stromeyer,*who 
found 7 3241-6‘7777 for alloys with 2'2-9‘3 per ceirf.. of silicon, H. Hahn, 
J. L. Smith, T. Turner, K. A. Hadfield, A. T. Lowzow. P. Paglianti, H. Moissan, 

G. J. \j. de (lialmot, P. Lebeau, H. von duptner, W. Guertler and G. Tammann, 
B. L. Vanzetti, J. W. Bothe, L. Weiss and T. Engelhardt, H. W. Hake, M. F. Matt, 
0. Hengsteiiberg, M. von Schwarz, K. Maey, S. R. Bennett, etc., also made deter- 
minations. The following is a selection from U. Frilley’s measurements of the 
sp. gr., sp. vol., and mol. vol. : 

Per rent. Si . IPHl 20-24 4009 50-00 77 25 92-21 lOOOO 

Si), gr. . ()'80 li-(»3 0-33 5- IK 4-50 2-H5 2-57 2-40 

Sp. vol. 0-140 0-151 0-1.7K 0-193 0-220 0-.351 0-3H9 0-416 

Mol. vol. 7-77 7 .50 7*37 7 74 K-29 IM 11'3 11-7 

He added that the curves show live points of inflexion corresponding with Fe 2 Si, 
Fe.jSio, Fc 3 Si 4 , Fe.^Si.,. and FeSi.,, with a singularity corresponding with FeSi. 
The sp. vol, curve lias singularities corresponding with FeSi and FeSb ; and the 
mol. vol. curve has one singularity corresponding with FeSi. G. J. B. Karsten 
observed that iron was hardened by the addition of (^37 per cent, of silicon; 
D. Mushet observed that when iron is melted with quartz it becomes harder 
and more brittle, .1. B, .1. J). Boussingault, B. Guillet, H. A. Hadfield, W. Mrazek, 
T. Baker, P Paglianti, W. A. Tilden, W\ C. Koberts-Austen, and T. Turner, 
W. Guertler and G. Tammann, etc., made observations on^the haffincss of iron- 
silicon alloys. K. Jaiioyer said that*siliron cxerci.ses a bad influence on irt)n, while 

H. Caron maintained that it has a good influence. G. A. Bisset, C. F. Burgess and 
J, Aston said that iron with one per cent, of .silicon is .soft, and it is hard and brittle 
with 6-7 j)er cent, of silicon. M. von Schwarz found for the Shore’s scleroscopic 
hardne.ss 

Per cent. 8i. . 0-01 2 0 7-.5 1.5 0 KtO 93 4 

Hardiiwn 24 JiO 74 04 OO 74* 

Values were determined for intermediate alloys, but the results were considereS 
to be unreliable. When free carbon does not separate, the addition of silicon 
hardens iron. P. Paglianti found Brinell’s hardness increases approximately pro- 
portionally with the silicon content. L. Revillon observed that the tensile strength, 
r, and Brinell’s hardness, H, of a sample of manganese silicon steel to be related 
as \ and P. Paglianti gave //-0-320T. In 1887, W. A. Tilden, 

W- G. Roberts- Austen, and T. Turner found that with steels containing OTO-O'bO 
per cen^. of silicon, the elastic limit and tensile strength are increased while the 
elongation is diminished. R. A. Hadfield found that ingots could not be forged ; 
he worked with steels having up to 4 90 per cent, of silicon, and carbon varying 
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from 014-0 26 per cent. T. Baker worked with 0 04 per cent, carbon and 7J pel 
cent, silicon. L. Guillet worked with steels with varying manganese and carbon, 
and up to 5*12 per cent, of silicon. P. Paglianti worked with a carbon content of 
0*10 per cent., manganese 0*22-0*60 per cent., ajd silicon up to about ^ per cent. 
G. A. Bisset said that silicon adds strength to iron comparable with the efic'it of 
carbon. T. D. Yensen also investigated the mechanical properties of the iron^s&on 
alloys^ According to T. Turner, increasing the proportion of silicon increases the 
mechanical qualities of cast-iron until one or two per cent.t)f silicon has been added 
when further additions dimini.sh these qualities— c..( 7 . the maximum with the crush- 
ing strength is about 0*8 per cent. ; with the tensiie strength about 1*8 per cent. ; and 
with the modulus (i elasticity about PO per cent. The general results of the observa- 
tions show that silicbn in quantities up to 4 per cent, increases the strength of steel 
proportionally with the amount added ; if over 4 per cent, be added, the strength 
decreases rapidly })robal)ly owing to the formation of graphite, and the yield point 
corresponds with the breaking point. The ductility is but little affected by silicon 
below 2*5 per cent., but above this amount, the alloys become brittle, and with 
4 per cent, or more, the elongation and reduction in area are nil. With 7 per 
cent, or more silicon, the alloys are not forgeable. Unlike carbon, silicon does not 
confer uj)on iron the property of becoming hardened when water-quenched. For 
alloys with 0*15 and .‘V40 per cent, of silicon, T. D. Yimsen gives respectively 
18,500 and 58, (KX) lbs. per sq. in. for the stress at yield point ; 37,000 and 67,500 lbs. 
per sq. in. for the ultimate strength ; 56 and 21 per cent, for the elongation ; and 
90 and 28*5 per cent, for the reduction of area. P. Schubel gave for the specific 
heat of FeSi, 0*1476 between 18'‘ and 193° ; 0*1504 between 18° and 300° ; 0*1532 
between 18° and 399° ; and 0*1583 between 18° and 629°. Observations were also 
made by M. Padoa, and H. Scliimpff. F. 0. Osmond, and E. D. Campbell and 
W. E. Hartman have investigated the effect of silicon on the heat of solution of 
cast-iron in an ammoniacal soln, of cupric chloride. When the proportion of 
silicon approaches Fe<jSi, the product becomes insoluble in that menstruum. 

L. Troost and P, Hautefouille, and H. von Juptner have made thermochemical 
studies on siliciferous iron. 

W. F. Barrett. \\ Paglianti, C. F. Burgess and J. Aston, R. A. Hadficlci and 
co-workers, T. D. Yensen, H. 4e Chatelier, W. Muthmann and ‘co-workers, and 
W. Ouortlor investigated^ the electrical resistance of alloys of iron and silicon. 

M. voii Schwarz found : 

Per rent. SI . . 2 0 7-5 * 15-0 20-0 24*8 2!)*.'? 40*2 

Sp. ri’sistanro X 10* 0*41 O-Of) 1*02 1*48 3*15 8*17 14*8 ohms 

In general, silicon increases the electrical resistance of iron by 10-12 microhms 
per c.c. for each per cent, added. R. A. Hadfield and co-workers studied the 
magnetic properties of silicon-iron alloys. They found that alloys with 2*5 and 
5*5 per cent,, silicon had a higher maximum magnetic permeability and a lower 
hysteresis loss than pure iron. This led to the employment of silicon-steel for use 
in electromagnetic machinery, particularly in transformers. Numerous investi- 
gations htvve since been made on the magnetic properties of these alloys, T. Baker 
fpiind : • 

Per cent, Si ...... 0 02 1*02 2*90 4*80 7*47 

Maximum induction (« - 20) . . 16000 16200 16600 147.50 14000 

Permeability 4) . , . . 2325 2662 2750 2665 2937 

lletentivity 8375 8000 7325 72^0 9000 

Coercive force . . . .1*8 1*7 1*5 1*2 » 1*0 

Energy dissipated per complete cycle 10550 8798 8081 6110 6613 ergs per c.c. 

G. Dillner and A. P. Engstrdm, unlike other investigators, found that silicon reduced, 
the permeability and increased the hysteresis loss of sheet iron. E. Gumljch and 
P. Goerons, E. Gumlich and W. Rogowsky, P. Paglianti, S. Guggenheim, 
0, W. Heaps, J. Hopkinson, T. Murakami, T. I). Yensen, and others ‘have investi- 
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gated this subject. Carbon in the form of graphite has a smaller damaging influence 
on the magnetic properties of iron than it has in the dissolved form, or combined 
as cemefttite. Silicon precipitates carbon as graphite, and this is an indirect reason 
why silicon exercises a beneficial^ effect on the magnetic properties of iron, since 
ironicf a very high degree of purity still retains some carbon. The most favourable 
prapoitio&s vary between 2 and 4 per cent. The eddy-current losses decrease with 
an increase in the electrical resistance, and from this point of view the siliconj|;ontent 
should be as higl^ as possible without loss of the most favourable magnetic pro- 
perties. T. C. MacKay studied the Hall effect in iron-silicon alloys. 

A singular property of some «amples of ferrosiheon, particularly alloys with 
approximately 50 per cent, silicon, is their tendency to spontaiu^us disintegration ; 
wne explication Irh complete of the phenomenon is not known. Heller said that 
Ae effect is likely to occur if over 33*3 per cent, of silicon is present, and that 
phosphorus and aluminium are directly responsible. It lias been attributed to 
the presence of calcium silicide vAich is decomposed on exposure to liunffd air ; 
but R. Frilley could not make the alloyis spontaneously disintegrate in this way 
by purposely adding up to 10 per cent, of calcium. He found aluminiui^ always 
present in the alloys which disintegrate. This was present either as alumfbium 
silicide, or, as P. Lcbcau suggested, as iron silicoaluminidoi The disintegration is a 
serious inconvenience because of the difficulties which attend the use of the powder 
in some of its metallurgical applications*; and also because the material en poudre 
exposes an enormously greater surface to the action of the air than what it does 
cn masse. This means that oxidation, etc., by atm. air then becomes serious. To 
protect the material from oxidation, the lumps of 50 per cent, ferrosiheon are 
covered with a thin film of paraffin invisible to the naked eye. The resistance 
of ferrosiheon to chemical agents is to a large extent dependent on its composition. 
The 50 per cent, alloy is fairly resistant towards oxidizing agents, and this is also 
true of the different iron silicides. On the other hand, ferrosiheon is largely used 
in steel manufacture by virtue of its deoxidizing qualities. A fragment of 50 per 
cent, ferrosiheon is only superficially oxidized when heated in the blowpipe flame, 
and the film is ])rol)al)ly nitride or carbonitride mixed with silica and iron oxide. 
J. J.IVIorgan founded a method for the determination of iron in alloys on the ready 
oxidizability of*graphite and silicon ; the silicon forms silica which remains as a 
residue when the oxidized iron is dissolved in acid. M. F. Matt found that ferro- 
silicon is but incompletely oxidized when heated in oxygen at 1100“. M. von 
Schwarz heated 50 per cent, ferrosiheon to»1100“ in a stream of air for different 
periods of time, and found the percentage increases in weight to be : 


Time in hrs. . 

7 


21 

• 25 

32 

Poirentage increase . 

0-29 

11 17 

I2'01 

12-24 

f2G0 

similarly in oxygen : 

Time in hrs. . 

7 

14 

26 

37 

44 

Percentage increase. 

11 '26 

13'64 

1614 

18'U0 

i9'()2 


Under certain conditions, some ferrosiheons — more particularly those ranging from 
30-40 per cent., and from 47-65 pef cent, silicon— under the influence of moiij|; 
air are liable to evolve gases with dangerous and toxic properties. A number of 
fatalities have occurred during its transit on board ship, or during stt)rage*and use 
in factories. In some cases, passimgers on ships or canal boats carrying ferrosiheon 
have died suddedy ;*in other cases, workmen have suffered more or less severely 
from the effects of breathing the f^es evolved from the material; and in a few 
cases, explosions have occurred spontaneously on handling the containing drums. 
X)n account of the accidents which have occurred from time to time, special restric- 
tions aje imposed on the transit and storage of ferrosiheon. A record of cases will 
be found in a report by S. M. Copeman and co-workers. A. Dupre and M. B. Lloyd 
showed that phosphine may be evolved by the action of water at ordinary temp. 
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P. Lehnkering also observed that air passed over ferrosilicon mav give phosphine 
but no acetylene. He inferred that some calcium phosphide was present as an ' 
impurity in the ferrosilicon. A. W. Cronquist, C. B. Pellcw, W. R. Smith, and 
P. Bruylants and H. Druyts observed phosphine ^nd arsine in the gases. Hydrogen 
is also produced, but there is no evidence of the formation of silicane or of fifety- 
lene. H. W. Hake obtained similar results. According to N. S. KurnabdS f.nd 
G> Una^joff, an alloy with about 50 per cent, of silicon^ is sensitive to water and 
very dangerous. Alloys with 33‘4“i00 per cent, by weight of silicon furnish a 
solid soln. with 05*18-5 1 '5 per cent, of silicon which solidifies at 1245°, and has 
been called lehmmte. The ternary solid soln* of lebeauite with phosphorus or 
aluminium are stable towards water ; but the quaternary solid soln. of lebeauite 
with phosphorus and aluminium gives off phosphine when treated with water. 
Ferrosilicon with less than 33*4 per cent, of silicon, and containing y-iro», 
will dissolv(; respectively 1*7 and 3*0 per cent, of phosphorus and aluminium. 
Calcium phosphide does not dissolve in liquid orcolid ferrosilicon. N. S. Kurnakotf 
and G. Urasoif also studied the toxic properties of ferrosilicon. 

R. ^rilley found that hydroftuoric acid in the cold readily dissolves ferrosilicon 
with up to 50 per cent, silicon ; hydrochloric acid attacks alloys with up to 33 per 
cent, silicon, but has virtually no action on alloys richer in silicon ; nitric and sul- 
pliuric tt(uds are without action ; but a mixture of nitric and hydrofluoric acids 
attacks trh violmment all the ferrosilicons. Fused alkali hydroxides or carbonates 
readily attack the iron-silicon alloys, and the attack is much more vigorous, and 
com])lete in the presence of jaitassium nitrate. With alloys containing over 50 per 
cent, of silicon, tlie attack by potassium or sodium hydroxide is extremely violent. 
(!lold soln. of sodium hydroxide are without action on alloys with less than 50 per 
cent, silicon, but beyond that proportion, the attack becomes very vigorous, and 
a re.sidu(!, complettdy soluble in hydrofluoric acid, remains. M. Wundcr and 
IJ. Jeannerct found that hot phosphoric acid of sp. gr. 1*75 dissolves ferrosilicon, 
forming a clear liquid ; any carbon ])resent remains undissolvod. U. Ehrhardt 
and G, Pfleiderer found crude tar oil containing phenol did not visibly attack 
ferrosilicon in 4 weeks’ time,. 

Firma Bierinann showed that ferrosilicon has an important influence in reaucing 
the tendency (d molten steel to become bubbly, “ fiery,” or frothy during casting. 
The way the silicori rtaluves tln^ (extrusion of gases from molten steel in the act of 
solidification has not been established. It is generally assumed that the silicon 
in steel decomposes iron or other oxides whicli may Ix' present. The enhanced 
tensile strength conf(Tred by low percentages of silicon has resulted in the use of 
silicon steels iii making spring.s, etc For the use of silieiferous iron in the manu- 
facture (if electromagnetic apparatus, vuie sffpra On account of the resistance 
of the silicon alloys to attack by acids, A, douve recommended vessels of ferro- 
silicon for the manufaetun' ami cone, of sulphuric acid ; and N. Terrisse and 
M. Levy, for aei<l-re8ialing alloys. A. Lissner also recommended these alloys as 
a substitute for platinum vessels in some industries. 0. Hopfner recommended 
ferrosilicon as an electrode material for aq. soln. since it is more durable than 
carbon, aitid cheaper than platinum. The 25 per cent, alloy has been recommended 
lor makhig statuettes, etc., siiiee it polishes' well. It is used as a master alloy in 
making silicon steels. It influences the properties of iron by controlling the con- 
dition of the carbon. V. Fuss studied the ternary system Si-Al Fe. 

C. Winkler ^ heated nickel and silicon to a white heat and obtained a sintered 
not a fused mass ; but he obtained a good alloy by reduchig nickel oxide with 
aluminium, quartz, and cryolite. The regulus was contaminated with 12-15 per 
cent, of aluminium. R. Walter obtained nickel-silicon alloys by heating the com- 
ponent elements to a high temp. ; and W. E. Card obtained a white,, homogeneous, 
fused, non-magnetic regulus in a similar way. E. Vigouroux found that when 
nickel is subjected to the action of silicon tetrachloride at a high temp, until the 
mass fuses and the loss in weight amounts to 30 per cent., the product consists of 
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nickel tetritasilicide, N^Si, which has a metallic appearance, is very brittle and 
crystalline, and is not attracted by a magnet. By the prolonged action of silicon 
tetrachlcwidc on the lower silicide, it is converted into the nickel hemisilicide, 
Ni 2 Si. The same compound is formed when nickel is heated with 10 per cent, of 
silicon in a current of hydrogen, the crystalline silicide is more fusible than the 
m(^al V r silicon. Similar results are obtained by heating the silicon and the metal 
in a crucible in an oxyhydrogen furnace. Heating silicon with the metal oxi^c does 
not yield a pure product.* The best results are obtained by heating the metal with 
10 per cent, yf silicon, in a carbon crucible in the electric furnace, until the greater 
part of the excess of the metal i% volatilized. The product is treated with very 
dil. nitric acid. The hemisilicide is perfectly crystallized, i^d has a metallic 
appearance, and a steel-grey colour, and it is stable at the Highest temp. The 
sp. gr. of the nickel hemisilicide is 7 2 at 17'’. Fluorine attacks it with incan- 
descence at the ordinary temp., and chlorine has the sam^ effect at a red heat ; 
bromine and iodine are less energitic in their action. Dry hydrogen fluoride and 
hydrogen thloride attack it at a red heat, and hydrogen bromide and iodide behave 
similarly. Hydrofluoric acid dissolves it readily, but the other haloid acids act 
very slowly; arpia regia, however, deconijioses the powdered sub.stance compht^ely. 
Water has" no action on the crystals, but water vapour attacks them at a dull red 
heat. Oxygen or air oxidizes the finely powdered silicide at a red heat. Soln. of 
alkali hydroxides are without effect, bflt fused alkali carbonates or mixtures of 
carbonates and nitrates decompose the silicide readily. W. Jengc studied the 
action of soln. of chlorides, bromides, iodides, nitrates, sulphates, sodium hydroxide, 
sulphuric acid, and hydrochloric acid on nickel silicides. The effects were similar 
to those obtained with cobalt silicides, but NiSi did not resist halogen ions. 
G. Taiiimann studied the chemical properties of these alloys. 

M, A. Sanfourche discussed the limiting range of silicon in these alloys. 
W. Guertler and (f. Tammaun invt'stigated the nickel-silicon alloys by thermal 
analysis, and controlled the results by microscopic examination of polished sections. 
They concluded that five silicides exist, Ni 3 Si, Ni 2 Si, Nh^Sia, NiSi, and Ni 2 Si 3 ; 
but they did not confirm the existence of the tetritasilicide of E. Vigouroux. The 
f.p. cflrve of the system shows two maxima at 33‘3 and 50 at. per cent, of silicon 
respectively, corf esponding with nickel hemisilicide, •Ni 2 Si, and nickel monosilicide* 
NiSi, as well as three eutectic points at 20, 43, and 56 atomic per cent, of silicon 
resjiectively. From 0-1 16 and 27'6-33‘3 per cent, of silicon, two series of solid 
soln. separate ; if allowed to cool slowly, tJie sat. crystals interact below 1125° 
(in alloys containing ll'6-27*6 per cent, of silicon) with formation of nickel tzita- 
silicidej Ni 3 Si ; the reaction is a reversible one. A third series of •mixed crystals 
separates from 33'3-37*r) atomic pcFceut. of silicon ; if the cooling is shfw, nickel 
ditritasilicide, Ni 3 Si 2 , is formed from these when the temp, falls below 830°. The 
existence of nickel trihemisilicide, Ni 2 Si 3 , is formed on cooling by the interaction 
of silicon with the fused mass containing 59 atomic per cent, of the latter element. 
The alloys from 0-20 atomic per cent, of silicon are fairly tough ; beyond this point 
they are brittle and easily powdered. Between the limits of 5 and 20 atomic per 
cent, of silicon, the alloys are fairly hard, but, contrary to the behaviour «of carbon 
steel, the rapidly cooled alloys are mflch softer than those allowed to cool slowl}*^ 
From 20 atomic i)er cent, of silicon, the hardness gradually decreases, teaches a 
minimum about 70 per cent., and beyond this point rapidly increases.* Alloys con- 
taining more than 30 atomic per cent, of silicon are no longer magnetic. L. Baraduc- 
Muller made these alloys by reducing nickel oxide with carbon silicide, and he 
confirmed by thermal and microscopic observations the existence of Ni 2 Si, Ni 3 Si 2 , 
NiSi, and Ni 2 Si 3 . K. Frilley found that alloys with below 5 per cent, of silicon 
have a grey colour, and have properties resembling steel with 1’4 per cent, carbon. 
Alloys jvith 5-20 per cent, silicon are whiter, and those with 15 per cent, of 
silicon have a brilliant facetted cleavage. Alloys with 20-35 per cent, silicon are 
less brilliant, ^nd give a crystalline fracture showing ill-defined octahedral facets. 
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The crystals with the 32 per cent, alloy are acicular. The fracture of alloys with 
35~40 per cent, silicon is matte and dull ; alloys with over 50 per cent, silicon 
appear like fused silicon. M. Francois and C. Lorrnaud examined the crystal 
structure. The following are selected from R^. Frilley’s determinations of the 
sp. gr., sp. vol., and mol. vol. of these alloys : i 

Percent. Si . 0 8-10 17'84 23'90 32-00 44-70 57-34 66-82*^ 

Sp. gr.«*. , 8-4 7-77 7-30 0-08 5-73 . 4-00 3-93 3*50 

Sp. vol. . 0-119 0-129 0-137 0-150 0-174 0-217^ 2 54 0-286 

Mol. vol. . 6-98 6-94 6-73 6'96 7'56 8-57 9-^4 9-80 

The singularities in the sp. gr. curve correspond with Ni.^Si, NiSi, and NigSi2 ; the 
sp. vol. curve has angularities corresponding with Ni2Si, and NiSi, but not NigSig ; 
and the mol. vol. curve has a singularity corresponding with Ni2Si. There are no 
signs of N^Si, NigSi, of of NigSi j on th(‘.se curves. P. Schiibel found for the sp. ht. 
of Ni» between 18" and 299", ()-13()7 ; ()• 1380 between 18" and 421° ; 0*1420 between 
18° and 501° ; and 0*1454 between 18° anil 629°. For Ni28i, he gave 0*1197 between 
18° aiu^202° ; 0*1226 between 18° and 294° ; 0*1245 between 18° and 410° ; and 
0*1285 between 18° and 628°. U. Frilley found that hydrofluoric acid does not 
attack these alloys ; hydrochloric acid does not attack the alloys with a high and 
a low proportion of .silicon, but it does attack those with approximately 32 per cent, 
of silicon ; suljihuric and nitric acids are without action ; a mixture of hydrofluoric 
and nitric acids readily attacks tlu'se alloys ; arpia regia dissolves in the cold alloys 
with less than 20 per emit, silicon ; and none of the alloys is attacked completely 
by soln. of alkali hydroxides - cold or liot. Fused alkali hydroxides or carbonates 
deeomjKise these alloys [larticularly in the pn'sence of ])otassium nitrate. V. Fuss 
studhxl the ternary sy.stem Si -Al’Ni ; and M. Pfautseh, Si-Mo -Ni. 

0. Winkler found cobalt and silicon behaved like nickel and silicon at a white 
heat. K. Walter made alloys by lieating a mixture of cobalt and silicon to a high 
temp. According to E. Vigouroux, silicon tetrachloride is reduced by cobalt at 
the temp, of the electric furnace with the formation of cobalt chloride, which is 
volatile, and a residue of a cobalt silicidc. At 12tX)° to 1300°, the reaction is com- 
plete, and ceases when the cobalt is converted into cobalt hemisilicide, 4k)2Si, 
which has a sp. gr. 7*28 at 4° and 7*1 at 17°, and ditTers fr6m H. Moissan’s 
corresponding iron silicide in that it is not attruct('d by a magnet. E. Vigouroux 
also prepared the hemisifleide by a proce.ss similar to tliat employed for the corre- 
sponding nickel salt, and he found Ijiat the giMieral ])roperties were also similar. 
P. Lebeau prepared cobalt monosilicide, PoSi, in the form of prismatic needles by 
heating for 4 tf) mins, in a carbon crucible placed in the electric furnace a mixture 
of coppe# silicide and metallic cobalt. The monosilicide melts at 1300° in a current 
of hydrogen, and has sp. gr. 6*.‘K) at 20°. Cobalt silicide is converted into the fluoride 
with incandescence when gently heated in a current of fluorine ; chlorine reacts 
only at a dull red heat ; hydrogen fluoride or chloride decomposes the substance 
at high temp., yielding hydrogen and the corresponding haloid compounds of silicon 
and cobalt. ISulphur has no action on the compound at the softening point of glass ; 
oxygen, nitrogen, ammonia, and steam, under these conditions, decompose the 
silicide only superflcially ; hydrogen sulphide?, at high temp., gives rise to sulphides 
of cobalt and silicon Nitric and sulphuric acids do not attack thi^ silicide ; it 
dissolves, hotvever, slowly in aqua regia, and more rapidly in hydrochloric acid. 
Cobalt silicide is imsolubje in dil. alkaline soln. but is decomposed by the alkali 
hydroxides, either fused or in cone. soln. Fused potassium ®itratc and potassium 
hydrogen sulphate have no action on the substance ; melted poftissium carbonate 
attacks it only slowly. P. Lebeau also prepared cobalt disilicide, CoSi2, by heating 
cobalt mixed with an excess of silicon, or a mixture of cobalt, silicon, and copper 
silicide, in the electric furnace. It forms dark crystals with a bluish reflection, 
which often have an octahedral form and seem to belong to the cubic system. 
It has a sp. gr. 5*3 and hardness between 4 and 5. It is attacked by fluorine, with 
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incandescence, if gently heated, by chlorine at 300°, and by bromine and iodine 
at a dull-red heat. Sulphur has no action on it at the softening point of glass, 
oxygen attacks it superficially at 1200°, and nitric and sulphuric acids, cone, or dil, 
are without action. Hydrochloric 


acidjjvhen cone, and boiling, attacks 
the* siiijid^ slowly, and hydrofluoric 
acid dissolves it rapidly ; hot cone. 


slowly, but ^he fused h 
decompose it rapidly, 
studied the action of 


V. Jengp 
soln. of 


sulphates, sodium hydroxide, sul- 
phuric acid, arid hydrochloric acid 
on cobalt silicides. Those with le^ 
than 32 per cent, silicon were readily 
attacked by acidic ions, while those 
with more silicon were resistant. 
That is, CuSi and the higher silicides 



Fio. 21. —Equilibrium Diagram of Nickcl-Sil^i-on 
Alloys. 


behave like silicon, and the, other silicides behave like cobalt. G. Tammann found 
that acids attack those silicides with cobMt in excess of (V) : Si— 1: 1 and alkalies 
those with the ratio 1 : 3. 

M. A. Sanfourche discussed the limiting range of silicon in these alloys. 

K. Lewkonja studied the cobalt- 




silicon alloys by thermal analysis 
and controlhsd the results micro- 
graphically. The f.p. curve, Fig. 21, 
shows that the two elements arc 






completely miscible in the liquid /zo<h^ 
state, and in the solid state the § ' (k 
miscibility is confined to alloys with 
less thAn 7 5 per cent, and more than 
91 per cent, of silicon. Five com- 
imunds are shown on the diagram, 
cobalt hemisilicidc, m.p. 1327'"; 
cobalt monosilicide, m.p. 1395° ; 
cobalt disilicide, m.p. 1277°; cobalt 
trisilicide, CoSia, m.p. 1310°; and 
cobalt ditritasilicide, CogSio, which* 
is formed in the solid state from the herai- and mono-siiicides. The range of 
existence of these compounds is shown in Fig. 22. Alloys with 0-19 5 per cent, 
of silicon are magnetizable. These alloys have cobalt in solid soln., and their 
magnetic intensity increases with the proportion of cobalt. 



Fio. 22. — Equilibrium Diagram 4 )f the Cobalt- 
Silicon Alloys. 
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§ 14. The suicides .of the Platinum Family 

J. J. Berzelius ^ staled that if silicon is ignit(‘(l in a platinum rrncihle, tin; two 
elements do not react, but if silicon fluoride or potassium fluosilieate is reduced 
by potassium in a platinum erucible, the silicon penetrates into the platinum 
wherever the latter is touched by the potassium. .1. B. J. 1). Boussingault found 
that platinum fuses when embedded in charcoal powder, and exposed to the 
strongest heat of a forge, at the same time it takes up half per cent, of silicon ; l)ut 
if covered with lampblack containing no silica, fusion does not occur. C. Winkler, * 
H. St. C. Deville, and P. Lebeau and A. Novitzky observed that silicon ‘readily 
unites with platinum at a high temp., and a fusible silicide is formed. J. Konigs- 
berger and K. Schilling noted that the reaction begins aS low as KK)®, and at a 
red heat the rerfbtion with crystalline silicon is quite fast. According to 
H. N. Warren, a silicide is readily obtained by heating amorphous silicon mixed 
wjth platinum black under a layer of potassium fluosilieate in a closed crucible. 

J. J. Berzelius, and J. B. -T. D. Boussingault showed that platinum silicide is also 
formed w*lien silica or a silicate is heated in contact with platinum under reducing 
conditions, sayf in contact with carbon, not, said the latter, in consequence of the 
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formation of a carbide ae aeeumcd by H V. CoUf Ductile The abs^gn of 

silicon by platinmn in contact with carbon in fireclay crucibles was noted by 
X B J D. Roussingault. A. Ditte, L. Baraduc-MuUer, etc. The formation of a 
fusible silicide explains how X X Prechtl was able to molt platinum m a blast- 
furnace. The vapour of silicon, said J. B. J. D. Boussingault, may be canjed by 
the furnace gases to the platinum. P. SchUtzenberger and A. Colson,'^ the 
eftepfiBunent cited in connection with the vaporization of silicon, said that nitrogen 
and probably also oxygen play a part in the transfer of the silicon to the platinuna. 
M. Upschin and M. Ticbanowitsch found that if an electric cm rent be passed 
through silica heated in a platinum crucible ^he metal will be perforated owing 
to the formation^f a fusible silicide, J, B. J. D. Boussingault also found that 
when platinum is heated with silica in an atm. of hydrogen, some; silicide is formed. 
C. G. Memmingcr ignited topaz in a platinum crucible placed inside a ^aphite 
cruc^le, and the platfnum was converted into a brittle fusible substance with 1'61 
per cent, of silicon. According to F. B. Miles, the conditions under which platinum 
silicide is formed are the presence of reducing gases such as carbon monoxide, of 
silicon \etrafluoride, and of a basic substance such as magnesia. The silicization 
of platinum resistance wire coiled round porcelain tubes to form electric tube 
furnaces, and heated \rt an atm. of hydrogen, has been discussed by L. Holborn 
and W. Wien, W. C. Heraeus, W. Ostwald and R. Kiich — vide infra, action of 


reducing gases on silica. 

According to C, Winkler, platinum which has absorbed 10 per cent, of silicon 
is greyish-white and fusible at a white heat. J. J. Berzelius found the sp. gr. to be 
18*3 ; J. J. Prechtl, 17*7 ; and J. B. J. 1). Boussingault, 17*5-20*5. According to 
the last-narn(^d, silicized platinum is hard enough to scratch iron and platinum, 
but it does not become harder by rapid cooling ; it is brittle, it readily fractures 
under the hammer ; it is still brittle at a red heat, and its ductility is not restored 
either by heating it in contact with air, or in contact with manganese dioxide. 
It dissolves in a<{ua regia more slowly than does platinum, and gelatinous silica 
separates. W. C. Heraeus found that the electrical resistance of platinum is 
increased by silicization. 

Five definite silicides have been reported, but they may not be all chemical 
individuals since analysis is ^lot a satisfactory test. For inslJkncc, C. Winkler 
reported that platinum dodecasilicide, PtSi, 2 , is formed, as a white crystalline mass, 
by melting platinum with an excess of silicon under cryolite. A. Colson reported 
platinum hemisilicide, Pt^Si, to be formed when strips of platinum are packed in 
lampblack, and heated in a fireclay crucible. Schutzenberger and A. (^olson said 
that the reaeflon occyrs at 10(X)°. P. Lebeau and A. Novitzky made it by heating 
platlnurti monosilicide with tin -vide infra ; find Fi. Vigouroux, by heating platinum 
with 8 10 per cent, of silicon in a carbon -boat contained in a carbon-tube in an 
electric furnace. The hemisilicide is a white, crystalline, extremely hard, brittle 
solid, its sp. gr. at 18' is 13*8, it is capable of dissolving silicon, and is attacked, 
when hot, by chlorine, and by aqua regia ; molten alkali hydroxides and hot aq. 
soln. of alkali hydroxides have but little action. A. Colson obtained a crystalline 
mass of.what he regarded as platinum ditritasilicide, Pt 3 Si 2 , by heating platinum 
•with lampblack mixed with 60 per cent.* of precipitated silica. The sp. gr. is 
14’1 ;^ 4 md the m.p. is near the squatting temp, of ordinary glass. A. Guyard 
made platiilum tritetritasilicide, Pt 4 Sis, by heating a mixture of platinum dust 
with finely powdered crystalline silicon in the proportion of 2:1. Combination 
takes place at a red heat with some violence, some of the »ilicon gets thrown out 
of the cnicible, and the remainder combines with the platinum, forming a com- 
pound which fuses at a somewhat higher temp, to a bright crystalline mass, metallic 
in appearance, and very brittle. E. Vigouroux made platinum monosilicide, 
PtSi, directly from its constituents with the silicon in excess, and also by melting 
a mixture of 24 guns, of platinum black, and 10*5 grms. of silicon in a magnesia 
boat in a stream of hydrogen for 30 mins. The excess silicon was reAoved by alkali- 
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lye, and the silica by hydrofluoric acid. P. Lebeau and A. Novitzky made the 
same compound by heatmg for half an hour to a high temp, pastilles composed of 
a mixture of very finely divided silicon and platinum sponge contained in a carbon 
crucible. It occurred in the form o^a fused ingot with the appearance of silicon. An 
exan^jnation of a polished surface of the ingot reveals the presence of two substances, 
onoiofwhihh is silicon, and can be removed by means of a dil. soln. of potassium 
hydroxide. The residue, which is soluble in aqua regia, has a composition ^orrt- 
sponding with the formula SiPt. The same silicide is obtained by heating a mixture 
of equal parta«of platinum and silicon for 5 mins, in an electric furnace. The silicide 
can be crystallized from fused silveiksilicide, the latter being afterwards dissolved by 
successive tftatment with sodium hydroxide and nitric acid, aiyi is then obtained 
in very fine prismatic crystals. The sp. gr. is 11 ‘63 at 15"; and the m.p. about 
1KX)°. This silicide is not attacked by hydrochloric, sulphuric, nitric, or hydro- 
fluoric acid, but is attacked by hydrochloric acid and bromine, and is compjptely 
dissolved by aqua regia. When btated with tin, the product contains a mixtuns 
of free silicon with prismatic crystals and kunell*. After washing with pojpssium 
hydroxide, this leaves a residue of the hemisilicide. K. Vigouroux found ^lat 
when the monosilicide is heated with an excess of aluminium, an ingot is obtained 
which, after treatment with 10 per cent, hydrochloric ackl, leaves a residue con- 
taining 91 ‘2 per cent, of the silicon from the silicide in a free state. When the free 
silicon is removed by alkali-lye tollowed by treatment of the residue with aqua regia, 
a substance containing only I '5 per cent, of combined silicon remains. Similarly, 
when heated with copper (10 grms.), the silicide (1 grin.) gives an ingot which is 
vigorously attacked by nitric acid (10 per cent.), leaving a residue consisting of 
platinum containing traces of combined silicon. By lieating the copper silicide, 
SiCii 4 (12 grms.), with SiPt (3 grins.), a very brittle, grey ingot is formed, con- 
taining 20'() per cent, of jdatinum, 67*2 per cent, of cojiper, and 12’20 per cent, 
of silicon. This is attacked with difliculty by nitric acid and by aqua regia, but is 
dissolved by a mixture of aqua regia and hydrofluoric acid. Finally, by heating 
the silicide, SiCu^ (.30 grms.), with platinum (10 grms.), a hard, greyish-white ingot 
is obtained, which is attacked by 5 per cent, nitric acid, leaving a black residue, 
from wliich a dense, grey substance soluble in aqua regia, and having the com- 
position of platinitin copper silicide, SiCu 2 Pt, is isolated by levigation. 

According to J. B. J. 1). Boussingault,- when platim^n, ruthenium, iridium, 
or palladium embedded in carbon in a siliceous crucible is heated to redness, the 
metal is silicized. Palladium, indeed, may ta^e up nearly 4 per cent, of silicon. 
H. Moissan and W. Manchot prepared rathenium monosilicide, Ru8i, by heating 
a mixture of ruthenium powder and crystallized silicon in a garbon (fruciblc in an 
electric arc furnace for two or three minutes. The product is crushed and Ireated 
wdth alkali, then with a mixture of hydrofluoric and nitric acids. The silicide is 
then left in the form of small, white crystals mixed with carborundum, which can 
be separated by flotation on methylene iodide. If some copper bo added to the 
mixture, the silicide is ultimately obtained in a well-crystallized form. The 
silicide is white, and has a metallic lustre ; at 4°, it has a sp. gr. 5 ’40 and is very 
hard. It volatilizes in an electric arc and is very stable. Fluorine easily attacks 
it, but it is only slowly attacked by chlorine. Bromine and iodine act on it slowly 
at 600°. When strongly heated, it bums in oxygen, and it is oxidized slowjy by 
fused potassium chlorate or potassium dichromate. Sulphur vapour decomposes 
it at a red heat, and at the same temp, it is slowly attacked by fused sodium or 
magnesium. It is not» attacked by boiling acids. Fused potassium hydroxide, 
carbonate, or nitrate only slowly decompose it ; but when heated with a mixture 
of potassium hydrogen sulphate and potassium nitrate, it is decomposed and a 
petruthenate is formed. Potassium hypochlorite, which acts easily on ruthenium, 
has no actjpn on the silicide. P. Lebeau and P. Jolibois found that when an intimate 
mixture of palladium and crystallized silicon is introduced into a porcelain crucible 
heated by meanS of a blowpipe, a contraction first occurs, and then, at 500°-600°, 
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a combination is produce.!, accompanied by a bright incandescence and sufficient 
elevation of the temp, to cause complete fusion. The fusion temp, of mature, s 
of silicon and palladium varie.s largely with the content of sihcoii. • With ai. 
increasing proportion of siheon, the ni.p. falHfr™'' 1^87 for pure paUadium to 
the niiiiiinum of «7I»', corresponding with G per cent, of silicon; it the# rises 
rapidly to the niaAiniiini 14(I0» for 11 W per cent, of silicon (eorresptadffig Avith 
hemisilicide, Pd..Si): the ra.p. then again falls, reaching a second 
mininiuni of 7,70' for 1C jicr cent, of silicon, and ® 

niaxinium of ‘Jixr for 21 per cent, of silicon (corresponding with p^l^um mono- 
silicide, PdSi). With 25 per cent, of silicon thrre occurs ano.thcr minimum at , 
corresiiondiiig with a eutectic, and then the ffi.p. rises gradually to ‘that of pure 
silicon. Mi.Ytnres containing less than 20 per cent, of silicon show a well-dchneu 
slackening in the raje of cooling, followed by a recalescence, the rise in temp, 
beii^g sufficient to raise the mass to a bright red heat. Ihe increase in incan- 
descence so observed starts at a point in the mass and spreads in a manner similar 
to thjj crystallization of a supersatufated soln., and the similarity in the two 
pli^momena is further shown by the fact that the ri'calescence is prevented by 
contact of the mixtun^ at the commencement of solidification with a small 
fragment of a similar 'ingot previously prepared. The behaviour, on cooling, of 
mixtures containing more than 21 per cent, of silicon, indicates the presence of 
the eutectic (SiPd— 8i). Ingots which have undergone recalescence have a 

different structure from the same products, tempered before the appearance of 
this phenomenon. In the latter case, two liomogeneous constituents are always 
observed, and are very easily distinguished by oxidation. When, however, 
recalescence has occurred, the more oxidizable constituent is besprinkled with 
small crystals. The ingots corresjionding with the compositions Pd^Si and PdSi 
are both homogeneous, but only the latter silicide has been isolated in a crystalline 
form. When ingots containing above 60 per cent, of silicon arc treated with dil. 
potash-lye, the free silicon dissolves, leaving small, very brilliant, bluish-grey 
fragments of the monosilicide of sp. gr. 7’31, w'hicli, when hot, is attacked by 
fluorine and chlorine ; is superficially oxidized by oxygen at a dull red heat ; is 
attacked by cold nitric acid and aqua regia ; but not by hydrochloric or ilulphuric 
acid; and is slowly attacked* by alkali hydroxides. 
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§ 15. The Hsrdrogen Compounds of Silicon 


Carbon is the dominating element in organic nature, while silicon unquestionably 
preponderates in the mineral world. The activities of carbon are mpst marked 
at comparatively low temp., silicon at high temp. For instence, carbon dioxide 
can displace silica at ordinary temp., and at high temp, silica cah displace carbon 
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dioxide. Both the carbonates and the silicates are hydrolyzed at ordinary temp., 
so that aq. soln. of both salts give alkaline hydroxides - carbonic acid is also formed 
in the one case, and silicic acid in the other. Just as methane can bo regarded as 
the starting-point of that branch of chemistry usually called organic, so the analogous 
siliqpn hydride can be regarded as the parent of a series of substances called silico- 
organic compounds. In 1863, F. Wohler i emphasized the analogies between the 
carbon and the silicon compounds, and it would be easy to compile a longjist'of 
semblances and another list of dissemblances. For example, the compounds of 
.silicon and liydrdgen, the so-called hydrosilicons* are in some respects formally 
analogous with the hydrocarbons* but the analogies cannot really be pushed very 
far. D. Ik Mendeleelf, and J. E. Reynolds argued in favour, of the analogies; 
H. Moissan against. The latter lias said : 


liO carboue ost seal. II nous senible, eii qu aucun autro corps simple ne i)eiii 
liii etre compare', et riminense developpment tie la chimio organique scumble justifiQjf cetto 
s6[)aration. Malgre il faut bion recoip^iiaitro quo les comjHWt's clits orgaiiiqiies dn silicium 
ne se ra[)prochot nullement par Jeurs f»ropri<^t48 dos compost's du carbone do mdme formulo. 

• 

The number of hydrocarbons is enormous, very few hydrosilicons have been nmde ; 
the former arc usually very stable, the latter unstable. How far does the analogy 
between silicon and carbon go ? Is it only a ipiestion oPtimo and trouble for the 
development of a .system of silicon chenystry analogous to that now established in 
carbon chemistry ( Was H. Moissan correct in contesting any deep-seated 
n‘S(!mblance between silicon and carbon ? According to A. Stock, in spite of the 
agreement in the maximum valencies of the fundamental affinity units of these 
two elements, the two eleim'nts are distinctly dissimilar. He said that while the 
affinity of carbon is about equally strong for positive and negative non-metallic 
ehmicnts-'-hydrogen, oxygen, sul[)hur, nitrogen, and chlorine— there is an enormous 
dilTenmce between the positive and negative affinities of silicon. The affinity of 
silicon for oxygen is so jiredominant that practically all other silicon linkages are 
broken down by the action of cold water. A further difference is that while tin* 
four valencies arc syinnietrically distributed in carbon, they are not so in silicon. 
W. Barlow and W. J Pope emphasized this from the jioint of view of the valency- 
volume theory. ^ 

The first four memlx'rs of the homologous senes of hydrosilicons, analogous 
with the methane series of hydrocarbons, have been isokited, and there are indi- 
cations of the existence of the next two members. P. Lebeau,^ and A. Besson 
have obtained evidence of a silicoethylenc of silicoethene, (Si 2 H 4 )„. J. Ogier has 
described a solid analogous with (Si 2 H 3 )n ; and C. H. Bradley, a yojlow solid with 
a composition, (SijlL)^, analogous with acetylene. There is'some doubt ^bout the 
existence of the unsaturated hydrosiliSons. The properties of the analogues methane 
and silicomethano arc totally different. Several substitution products of the 
silicomethane scries have been made in which aliphatic or aromatic carbon radicles 
have b(‘en introduccxl. F. S. Kipping has also established the existencci of dextro- 
and hevo-rotatory forms of phenylcthylpropylbenzylsilicano-siilphonic acid : 


<C„H, 

C3H/ '^^CHa.CeHi.HSOj 


The homologous scries of saturated hydrides with the general formi;Ia Sf^ 2 n+ 2 > 
is formally analogous with the saturated 0*H2nf2 series of hydrocarbons. For 
example : • 


Silicon teiftthydride, silicane, or silane . . . . 

Disilicon hexahydride, silicoetbane, or disilane 
, Trisilicon octohydride, silicopropane, or trisilane . 
Totrasilicon decoliydride, silieobutane, or tetrasilane 
Penttwilicon dodecahydride, silicopentane, or pentasilane 
Hexasilicon tetradecahydride, silicohexane, or hexasilane 


ffinH2n+2 
. SiH* 

. Si,H, 

. Si,H, 

. 

. Si,H„ 

. Si.Hi, 
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On account of the formal analogy between methane, CH4, and silicon tetra- 
hydride, SiH^, E. S. Kipping proposed the term silicane for the latter compound. 
A. Stock likewise used the termination -ane for this series, but he cut out a syllable 
so that the first member f)ecome8 monosilane or simply silane, and it has the com- 
position SiH4; disilane, Si2Hfl ; etc. In A. Stock’s nomenclature, the r|i.dicle 
SiHg, corresponding with methyl, (’Hg, is called silyl ; the radicle Si2H5, disUyl; 
etc. J^'wo Sillg radicles are designated hisilyl or bis-silyl. The bivalent radicle 
SiO is called silieyl. The immibers of the homologous serie^s Si^H2«, namely, 
Si2H4, Sigllfl, Si^Hg, . . are distinguished by the termination as is also 
the case with the formally analogous ethene S(*ries of hydrocarbons, CftH2». For 
exampir, is atlled dmlene, 8i4Hg, ix. HgSi : iSiH.SiH2.SiH3 is "tetrasilene ; 

etc. Similarly, tne mmihera of the homologous series Si„H2n-2) namely, Si 2 H 2 , 
Si^H^, Si4Hfl, . . ., are distinguished by the termination -ine, as is also the case with 
the formally analogohs ethine senes of hydrocarbons, C„H2n-2. Thus, silico- 
acet^ene,, Si2H2, becomcis siline ; etc. The t radicle Si2H3 is called disilenyl ; 
silicochloroform, SiHClg, in A. Stock’s nomenclature, becomes trichloromonosilane ; 

(H'Jochlorotrisilane or perchlorotrisilane ; SiH3(OH), monosilanol ; SiH2(OH)2, 
mmosdandiol : H. SiO, OH, or silieo-formic acid, beconu's monosilanic acid; and 
(SiO. 011)2, silico-oxalic acid, b(icomes disilunic acid ; etc. Compounds with 
both carbon and silicon have the pr(‘fix silico- ; thus, SiH3.(H2.CH3 is monosilico- 
propanc ; Si(('2Hr,)4, sdico- nonane, is called lelraethylmonosilane ; and C3H7.SiO.OH, 
silu'ohulyric, acid, is called propylmonosdanw acid. 

The preparation of silane. The simplest compound of silicon and hydrogen, 
silicon tetrahydride, also called sdicane, monosHanc, or silane, SiH4, was discovered 
by H. Buff and F. Wohler in 1857 , and de.scribed in their memoir: Ueher neue 


Verhindmifjen des Siliciums (Gottingen, 1857 ). They 
W ' called it Silk'imnwasscrstoffyas — siliciuretted hydrogen. 

' d’he gas occurr(‘d among the products of the action of 

hydrocldoric acid on the impure aluminium silicide 
which they had made ; and it was also made by the 
jlnJil electrolysis of an aq. soln. of sodium, ammonium, man- 

iIlsI or ferrous chloride, using an alloy of aluminium 

and 'silicon for the positive pole. In d 858 , F. Wohler 
, Juaile the gas by the action of acids on manganese or 
of irnpiiro iSIine! magnesium silicide. The gas is spontaneously inflam- 
mable in air, and this property can be illustrated by 
the simple apparatus. Fig. 25 , which is filled with dil, hydrochloric acid. 
Magnesium stiicide is dropped into the funnel, and the bubbles of gas rising 
to the stirface of the water in the dish ignite 'ivith a flash, and form rings of silicon 
dioxide. 


The gas which is formed by the action of acids on magnesium silicide is a hetero- 
geneous mixture. H. Moissan and S. Smiles say that the gas is essentially hydrogen 
mixed with 4-5 per cent, of silane, and some silicoethane which can be separated 
by condensation and subsequent fractional distillation. C, Somiesky found that 
the 13 7 . grins, of silicon in 16’3 per cent, magnesium silicide gave : 

. Silicon as . . SiH, Si,H, Si,H, Higher Hydrides 

Grins. Si ^ . 12 0 !)3 0 52 0 30 0*22-Total 317 grms. 

A. Besson also showed that the white solid which is formed is probably silico- 
oxalic acid. If phosphide or sulphide be present as an impurity in the silicide, 
the resulting gas will contain hydrogen phosphide or sulphide. H. St. C. Deville 
and H. Caron obtained the spontaneously inhammable gas by the action of acids 
on silicized zinc ; H. Moissan obtained the gas by the action of acids on lithium 
silicide ; and A. F. Holleman and H. J. Slijper obtained the gas by the action of 
water on amorphous silicon prepared by using sodium as a reducing agent. The 
silicon hydride is supposed to have been derived from the sodium silicide present 
as an impurity, 
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The preparation of magnesium silicide for making the silicon hydrides has 
been previously discussed. A. Stock and C. Somiesky noticed that the reaction 
botweeuf the acid and the silicide occurs in two stages. In the cold, there is first 
a copious evolution of the silicon hydrides, and a brown flocculent substance is 
fori^ed which decomposes slowly* in the cold, and rapidly when warmed, forming 
th^ whiter solid. The yield of silicon hydride is largely determined by the con- 
ditions under which the acid attacks the silicide. Hydrochloric acid seems the mpst 
suitable because it introduces least disturbing side-reactions. The lower th^ temp., 
and the moijB ra]hdly the acid attacks the silicide, 
the better the yield of silicon hydrides, but, since 
the action of the acid is rather slow in the cold, a 
temp, of 50" was found to bo most suitable for 
preparing silicon hydride. The yield is also better 
when the silicide is gradually added to the acid - 
not too dil. — rather than when theyacid is gradually 
added to a mixture of the silicide and wa^er. For 
the mechanistn of the reaction — nide magnesium 
silicide. A. Stock and C. Somiesky’s apparatus 
for gradually adding the silicide to the acid is 
illustrated by Fig. 24. 

A reproBeuts a glass tuJje fitted with rubher-Bto|)|H'rs 
as shown. The stopper li in to the tube to 

prevent it lieing forced out by the jiress. of the mercury. 

The .sido-tulxi F is connected to A by rublier-tubing, and 
it is fitted ui conjunction with the mercury-holder H so 
that mercury can be introduced into A by o{)ening the 
csKjk i, or removed by opening the cock y. A wooden 
disc Kf fitted with a glass cylinder L, floats on the Fio. 24. — Apparatus for gradually 
mercury in the tulh) /I ; and the wooden disc supports Adding Magnesium Silicide 
about ioo grins, of granular magnosnini silicide con- to the Acid, 
tained lietween the cylinder L and the fall-tube C, 

which IS 40 cnis. long and O’U cm. bore. The other end of the tulie C enters the gas- 
genoratuig flask. The tube (' is arranged so that the knocker, of an electric-ball eon- 
nectell with on accumulator, keeps the tube uniformly vibrating. This ensures a steady 
fall of the magn#.sium siliciile dov^ni the fall-tube, as Jibe mercury rising in V lifts the 




^silicide above the upper level of C. The side tube of Q is connected by means of a 
rubber tube with a T -piece fitted to an apparatus supplying hydrogen to the gas-generating 
flask, O. 

A fouT'litre flask, G, Fig. 26, containing about 3 litres of a 10 per cent. soln. of hydrochloric 
acid is fitted tfi the charging apparatus, Fig. 24, and to the two trains of gas scrubbers shown 
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in Fig. 26. Hydrogen from » cylinder paases along a tube fitted with a safety-tube M ; 
into : .ulphurii noid N ; thenoo through u tube 0 cont^nng pl»t.n«ed aobosto, 

at a dull rW-heat : thence through another sulphuric acid scrub^r P ; and then through 
a U-tulie Q of about 200 e.o. capacity, cooled with liquid air. The hydrogen tllen pisses 
vid the bifurcated tube li to the charging apparatus, and to the gas-generatmg flask 0. A 
atopriered sido-tufio A' allows air-free carbon dioxide to bo passed through the apparatus if 
dosiretl. Tho hyilwgen inlet tube dips below the surface of the acid m the %sk ^ ; the 
exit tuixi is connected by means of rubber with four gas-washers, 2\, 3 3 , to remove 

hydrogen (ililoride ; with a cal<*ium chloride tower U ; and with a similar tower F charged 
with phos/ihoruH pentoxido and glass-wool. The gas condensing tube, W, is cooled by 
liquid air, and it m fitted with a vacuum stopcock a, and ordinary dock b, and an end c 
ground to fit tlie apparatus subsequently employed for fractionating the liquefied gas 
which collects m IF. Hydrogen is pa.ssed through Mie whole of the apparatus before any 
siheido 18 added to the acid, and it is continued during tho two hours which kre occupied 
in adding 100 grins, df siliculo to the gas-gonerating flask G. The part W is then reruoved ; 
and tho gases are driven from the apparatus by passing a stream of air-free carbon dioxide, 


ViU o. , 

Tho coiuhuiHing tube is now connected with another apparatus fitted with tubes in 
whiclilt is desired to collect tho gas, and so arrangcdithat any tube can be sealed off by the 
blowpipe flame, or by moans of a st opcock. •The apparatus is evacuated while the liquefied 
gases are still cooletl by the liquid air. The liquid is tlien fractioned at the desired temp, 
'rhe ^jondensed liquid contains about a ((uartcr of the silicon of the added magnesium 
silicido, in tho form of tho fimt six members of tho homologous scries SinH2n+2; the 
remaining silicon appears #ih sihco-oxahc acid. Assuming that the magnesium silicido 
contains tho bemisilicide, the reaction involving tho formation of the first member of the 
series is symbolized : MgjSi HlHfi 2MgC'l.i f SiH|. 


The liquid obtained by cooling with liquid air the gases evolved when magnesium 
silicido is treated with acid, is distilled in vacuo lietween - 125" and —120", by 
using a bath of alcohol rendered viscid by cooling in liquid air. The operation 
requires 5-10 mins. The fraction can be again condensed by liquid air, and 
refractioned. The jiroduct is silane. 'Fhc gas can be collected over mercury ; 
100 grins, of magnesium silicide give Id) grins, or 1100 c.c. of silane. 

Aeeording to C. Friedel and A. Ladenbnrg, when silico-chloroform, SiHFla, 
is treated with absolute alcohol, ethyl silico-orthofomiate, SiH(OC 2 H 5 );j, is jiroduced, 
The product is also called tricihoxynionosilanc, and wlii'ii treated with sodium, it 
furnishes silicanc. and silicon totraetho.Kide : 4Sill(0('2H5)3->SiH4 j 3Si(0(n,H5)4. 
The function of the sodium is not known. 

'I’he trictlioxynionosilano is added to a distillation flask — with a bulb 6 cms. diameter 
and neck 20 cms. long — provided with pieces of sodium. Tho mixture is gradually warmed 
over tho fiw flume, and finally healed to the b.p,, when about 2 litres of silane will bo 
given off in about 2 lux. Tho gas is coyioctod over mercury. Tho reaction proi eeds at 
lower temp, if potassium bo used m place of sodium. Oxygon must bo carefully excluded 
or an explosion piay be [)rodueed. The gas is ahuost pun', but not quite free from other 
silicon hydrides. , 

♦ , *’ 

0. Kiifl’ and 0. Albert found that a small proportion of silane is formed when 
silicochloroforni is decomposed by a soln. of sodium hydroxide. A. V. Vournasos 
heated an equimolar mixture of anhydrous sodium formate and amorphous silicon, 
or, lietter, aluininium silicide, in a graphite tube at 1300", and obtained a little 
spontaneously inllaiiunable silicon hydride along with much hydrogen. He also 
made a little silicon hydride by heating a mixture of sodium formate, sodium 
liydroxide, and silicon chloride or sulphide in a stream of hydrogen. 

As previously indicated, C. Frieders attempts to induce the direct union of 
hydrogeif amksilicon at 10(X)", or at the temp, of the electric arc, were not successful. 
K. Vigouroux, however, said that combination does occur at a white heat if a third 
element be present ; and A. Hufour noted the presence of silane in the gas obtained 
when hydrogen is passed over silicon heated above its m.p. by the oxyhydrogen 
flame, or in the electric arc furnace. He said that if an electric discharge be passed 
through a tube filled with silicanc, there is an immediate deposit of amorphous, 
silicon, which, in about half an hour, disappears and is re-formed in the dark space 
about tho cathode, even if the other parts of the tube are cooled to 80° — hence 
the phenomenon is not due to the distillation of silicon from the hot to the cold 
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part-s of the tube. With arsenic hydride, under analogous conditions, the arsenic 
is distilled. The equilibrium conditions in the reaction Si-l-2H2?=^SiH4 were studied 
by H.*von Wartcnburg. He found that the decomposition is slow below 350", 
and it is therefore necessary to employ a catalyst--f.^. finely divided nickel. If 
j^i^enotes the partial press, of silane, and jt) that of the hydrogen, above 180", 
Uie observed values agree with log {pj/p2)™8700y4-57:f— 175 log T- ()-7, where 
— 8700 cals, represents the thermal value of the reaction 81114 Si^oUdd ‘iHg 8700 
cals. At 380", for p- =one atm. the dissociation is almost comi)lete, 99 t>*per cent. 
At l30", thtf obs?rved degree of dissociation is 0‘90, and at 260", 0 93, the calculated 
values are 0'86 and 097 respei^tively. At temp, between 100" and 150", the 
press, are^higher than those corresponding with the above equation owing to some 
disturbing influence which H. von Wartenburg suggests may be the reaction : 
2SiH4=--Si2H4-f2H2. 

The properties of silane. — Silane is a colourless gas, and, according to A. Stock 
and C. Somiesky, a trace of the gas has a faint odour recalling that of^tibine, 
but when more cone., the gas has a i^*.pulsive smell, and produces a headache. 
They found that 83 05 c.c. of the gas at 19" and 750 mm., or 76*62 c.c.^at 0" and 
760 mm., weigh 01103 grm. ; consequently, 1 c.c. of the gas at n.p.t. weighs 
1*440 mgrms. The density of (he gas at 19" is 16*32 * and the mol. wt., 32*29. 
The sp. gr. of the liquid at —185" is 0*68. A. 0. llanKine and C. J. Smith found 
the viscosity of gaseous silane to be 0*0001078 at 8" *. 0 0(K)1134 at 15" ; and 0*0(X)1 436 
e.G.S. units at 100" ; W. Sutherland s viscosity constant ( 1 . 13, 3) is 229 ; and the 
mean collision area of the mol. is 0*989 xlO”^^ sq. cm. J. Ogier first liquefied tin' 
gas and found that it remains gaseous at 1" and 200-300 atm. })res8., and at 
0" and 150-2(K) atm. press., but at —1" it liquefies at HK) atm. press, ; at —5", at 
70 atm. press. ; and at - 11°, at 50 atm. press. The critical temp, is therefore 
near 0". K. Adwentowsky and E. Drozdowsky gave —3*5" for the critical t(‘mp., 
and 47*8 atm. for the critical press. H. Moissan found the f.}>. to be near --200" ; 
and A. Stock and C. Somiesky found a shar]) m.p. for the white solid at —185". 
K. Wintgen, and A. Stock and co-workers found the heat of vaj)orization to be 
3*029 Cals., and the molar heat of va])orization at 0" to be 4246*7 cals. *, 2782 cals, 
at 7*" K. ; and Trouton’s constant, 17*3. The b.p. of the liquid is —112" at 760 mm., 
and the vap. ess. of the liquid is : , 

-160’ -u,0’ -140’ -130’ -120’^ -118’ -114’ -112’ 

Vap. press. .11 41 102 230 470 630 500 700 mm, 

11. Wintgen repre.sented the vap. press,, p, by the equation log p -- 6*9961 
662*6r“k Comparing the more important constants of silanCfund methane : 

* M.p. ‘ B p. (700 mm.) 8p, gr. liquid 

Methane, (JH 4 . . . -1«4 ' -^- 100 * 0-416 ( -164") 

Silane, SiH, . . . -186'' -112" 0*680 ( -- 1«6'') 

Silane is quite stable at ordinary temp. ; nor is the dry gas decomposed on 
exposure to light. At a red heat, A. Stock and C. Somiesky found it to be decom- 
posed into silicon and hydrogen ; silane, however, is not decomposed so easily as 
the other silicon hydrides, since wlien the latter are sent at a low pr^ss. through 
a quartz tube at a dull red heat, some silane is formed ; this is also the case wlten 
silicochloroform is heated: 4SiHCl3— SiH 4 d 38iCl4. J. Ogier said th&t silane is 
completely decomposed into its constituents at 400" ; the reaction, however, is 
reversible as indicated by H. von Wartenburg — vide sdpra, where the observations 
of A. Dufour,*and E. Vigouroux are described. J. Ogier found that silane is 
decomposed by the electric discharge, forming hydrogen, amorphous silicon, and 
. a yellow solid which takes firp on percussion, or when heated in air ; it takes fire 
in an atm. of chlorine ; it is but little affected by water ; and it is insoluble in 
alcohol, ether, benzene, chloroform, silicochloroform, and silicon tetrachloride. 
It contains^-b per cent, of silicon, and J. Ogier represented its composition by the 
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formula (Si 2 H 3 )rt ; there is, however, nothing in the analyses to justify its recogni- 
tion as a chemical individual. J, Ogier also found that if a mixture of equal vols. 
of silane and nitrogen be sparked, ammonia and a yellow solid are formed ; the 
latter contains nitrogen, because it gives ammonia when treated with water. 
J. Ogier foumi the h<‘at of combustion of one gram-eq. of silane in oxygen tq be 
324 3 Cals., which is less by 24‘8 Cals, than the heat of combustion of its- ccvi- 
sti^uents ; hence he argued that the heat of formation of silane from its elements 
IS 24-8 Cals.- note 11. von Wartenburg’s measurement above- -the heat of forma- 
tion of methane is 22 ('als. 

According to H. Moissan and 8. Smiles, the spontaneous inflammability of silane 
IS due to the prcisence of minute proportions of other silicon hydrides. ‘C. Friedel 
and A. Laden berg said that the purified gas at ordinary temp, and press, is not 
spontaneously inflammable, -but it will inflame by slightly raising the temp., or 
lowering the jjress. ; the purified gas inflames in air if bubbled through warm mer- 
ciiry, Tm* if a hot knife-blade be held in the gas,, bubbling through cold mercury. 

J ho gas inflames if an be bubbled into.the purified gas at 100-150 mm. pr(‘ss. 
A. StockMrid C. Somiesky said that small bubbles of the purified gas do not usually 
Ignite in air, but larger bubbles sometimes fire spontaneously with the production 
of brown flakes; it othgr silicon hydrides are present, the gas always fires 
spontaneously m air. To avoid accidents, air shouhl not be allowed to enter a 
vessel containing silane. K. Heumann said that the spontaneously inflammable 
ps can be preserved over mercury or over air-free water ; but if the water has air 
n so n., the gas becomes foggy, and loses its spontaneous inflammability. A. Stock 
and L. fuiind that silane is slowly decomposed by water : SiH 4 -l- 2 H 20 

1 J exposure at 20^’ betweem 5 and 20 per cent, of the gas 

said ' hTplph' ’ U decomposition was complete. K. Heumann 

h ^ bubble of the spontaneously inflammable gas entering the atm. 

^ud the white flame emits clouds of silica in vortex 
rings -J^ig. 2o silica and water are formed. The gas issuing from a tube into the 
tn. burns witli a white luminous flame, which in sunlight casts a well-defined 
s^dow. According to 11. M and F. Wohler, if cold porcelain be kid b ?he 
lu!rT“ ""'l <bq)osited ; and if the tube conveying the 

Ttl e tubelnd t i amorphous silicon is deposith<l on the tails 

o ! ir nvv ^1 J" ^P^^'^taneously inflammable. A bubble 

of air, o-ygeii, or chlorine ilitroduced into the gas causes a flash of light. 

ttir and rL™ atujied th. oxidation of the aiUcon hydrides by 

tT;.. r ^ .1“*^ n.oderato.1 the violence of the reaction by slowly adding 

-7tr aJir TiT the hydr,de nndcr reduced ,Js. and'betwZ 

tinelTidini> SIH )' , ^ '8 products o£ tjic reaction consist of unchanged hydride 
irtlKelnl * '■ * ‘"'J''*'- “*''*“tion of Si.He), nitrogen (aud argon) when air or 

artifac al mixtures of nitrogen an.l oxygen are used (the oxygen il invariably con- 

Zs ZutSithrT'^ m‘“ hydrogeifwater. and, in cLtain 

ZdS C 7 ^ ‘"'r“ during the oxidation, 

tains l.Z'.y , I- I “■ non-volatile residue which generally con- 

noint of ontrvZ7 compact crusts forLd near the 

Zel Ld nlr V d "" 7* *'''7 ‘he reaction 

ThZ’nl uniform, vitreous deposit on the whole wall of the vessel 

The coloftJle83.coniponent8 are readily dissolved by very dd. soln. of alkali and 

mEide‘’'r(SiHO Prosdoxan, (SiH^O),, silicoformic 

h “ 1 T 7‘i -7“ “"'Pouents contain «ilicon and possibly 

ehfeflv Zet ‘h'-y uppe* to be formed 

chiefly when the action is accompanied by considerable local heating and a defi- 
ciency of oxygen. In spite of variations in the temp, and in the degree of dilution . 
of the oxygen, the reaction proceeds moderately uniform. The oxidation proceeds 

cZTilV 7c in more than Lees 

ould not have escaped detection. The main derivatives of silicon produced during 
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the oxidation are the polymeric forms of SiH20, OH.SiHO, SiO(OH)2, etc. The 
water is supposed to be produced from hydroxylated silicon compounds which 
become Hecomposed as the temp, is allowed to become atmospheric, thus SiH2(OH)2 
-»SiH20-f H2O. In those cases ^n which elementary silicon is deposited, a part of 
theeliberated hydrogen is doubtless due to the thermal decomposition of silane. 
Its prodifction is not due to a secondary hydrolysis of silane, or its primary 
oxidation products by water formed during the reaction ; but it is rather a .primary 
product of the oxMation : 8iH4-f 0--SiH20-|-H2 ; a reaction of this type is unusual 
and apparently due to the preponderating affinity of silicon for oxygen. The 
production of hydrogen accounts 4 or the peculiarities observed during the combus- 
tion of silifon hydrides, which differs markedly in its violence from similar cases 
of spontaneous ignition such as the quiet inflammation of phosphorus hydride. 
The process consists of the following successive steps : inception of oxidation, 
liberation of hydrogen, formation of a mixture of oxygen an 5 hydrogen, and igpition 
of the latter when the temp, has b#en raised sufficiently by the heat of the reaction. 

The gas burns in chlorine or in chlorWcs, which easily part with theirjjhlorine 
— e.q. carbonyl chloride, antimony pentachloride, tin tetrachloride, etc. According 
to K. Mahn, bromine forms with silane a mixture of Si2H2Br4and SiBr^ ; G. Buchner 
said that silane mixed with hydrogen reacts with iodine, farming silicon tetraiodide, 
and silico-iodoform ; iodine chloride reacts feebly and produces the hexachloride, 
Si2C'l(j, and phosphorus tri- and penta-Jhlorides, antimony pentachloride, and tin 
tetrachloride react similarly. T. Wilm and G. Wischin found that carbonyl chloride 
does not form an acid chloride, but parts with its chlorine. H. Buff and F. Wohler 
observed no ehange when silane is brought in contact with nitrous oxide, nitric oxide, 
ammonia, dil. sulphuric or hydrochloric acid. A. Stock and G. Soniicsky also 
observed no reaction between silane and dry ajnmonia, or cone, sulphuric acid. 
H. Buff ami F. Wohler stated that silane reacts with a .soln. of cupric sulphate 
|)recipitating what they rc'garded as brown copper silicide, and possibly some 
eop}>er and silica ; that it does not react with soln. of lead acetate or hydrochloro- 
platinic acid ; that it precipitates palladium free from silicon from soln. of palladous 
chloride ; and that with .soln. of .silver nitrate, grey silver and black silver silicide 
an? precipitated. G. Buchner stated that with neutral or acid soln. of silver 
nitrate, a yellowish-brown pr<‘cipitatc is first forntod which then becomes black, 
lie repre.sents the reactions : SiH4-f 8AgN();p---Ag4Si,4A|:N03-f-IHN03 ; followed 
by Ag4Si.4AgN03-| 4H2O- 8Ag-f-H4Si04-f 4IINO3. The more stable methane 
does not reduce like silane. Many of the less stable hydrides — like silicon 
hydride, hydrogen sulphide*, and hydrogen iodide- reduce in virtue of the hydrogen 
liberated during their decomposition ; other hy<lrides reduce^by theTlirect oxidation 
of their elements. Thus, with arsAiic hydride and silver nitrate, arsemous acid 
and .silver are formed during reduction. H. Buff and F. Wohler found that soln, 
of alkali hydroxides decompose the gas in the cold ; and, according to A. Stock 
and C. Somiesky, soln. of alkali hydroxides decomjmse the gas more rapidly than 
does water ; an alkali silicate is produced : SiH4-f 2NaOH-f H2O- Na2Si03-f-4H2. 
At room temp, the reaction is complete in 2 hrs. with a 33 per cent, lye ; and in 
24 hrs. with a 10 per cent. lye. ^ * 

A small quantity of an aq. soln. of potassium hydroxide was introduced into a oudi<f- 
meter containing 2*8 c.c. of silane confined over mercury ; ll’l c.c. of jjydrwgen were 
termed. Hence, one vol. of gas gives 3 96 c.c, of hydrogen. Within the limits of experi- 
mental error, this agrees with the empirical formula SiH4 ; apd, since one litre of the gas 
at n.p.t. weighs l-4638^nns., the mol. formula may be taken as 81H4. 

A. 0 . Rankine and C. J. Smith discussed the electronic structure of silicane. 
With dry sodium or potassium hydroxide, a vigorous reaction occurs, and the surface 
of the hydroxide liquefies. Intermediate products are formed which in contact 
with water rapidly decompose into hydrogen and the alkali silicate. There is no 
apparent reaction with alcohol, ether, benzene, carbon disulphide, chloroform, or 
carbon tetradhloride. The organic liquids dissolve a little of the gas. 
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■ Silicoethaiie.-H. Moissan ami S. Smiles » fourd that when magnesium siUcide 
reacts with hydrochloric acid, hydrog(5n containing about 5 per cent. o( silicon 
hydrides is (jvolved. If the gases be cooled by liquid air or oxygen, the* sihcon 
hydrides solidify, and by allowing the solid to liqqcfy, and fractionating the bquid, 
Silicoethane, dimlicanc, or disilane, SioHg, is obtained as a mobile, colourless Iiqpid. 
P. Jjeboau made the gas in a similar manner. H. Moissan obtained the s^ime com- 
poand by the action of hydrochloric acid on lithium silicide. According to A. Stock 
and C. Somiesky, the liquid which rewains after removing most of the silane from 
the gases obtained in their method of preparing silane (q.v.), when distdied between 
— 120'^ and - 115° for about 2 hrs. furnishes a mixture of silane and disilane. The 
silane can he removed byre-fractionation between —100° and —105°. ‘'The yield 
of disilane is 4(X) c.c., or Tl grms. per KXJ grms. of magnesium silicide. A. Stock 
and C. Somiesky tried unsucresstully to make silicoethane by the action of alkali 
metals on rnonocbloroHilane. There are diheremtes in the properties of the pro- 
ducts as described by H. Moissan and S. Smiles, end by A, Stock and C. Somiesky, 
due, say the latter, and also P. Lebeau, to ‘the contamination of the former’s product 
with ^higher silicon hydrides. For instance, H. Moissan and S. Smiles say that 
silicoetliaiH', at ordinary temj). is a colourless liquid boiling at 52° ; but A. Stock 
and C. Somii'sky say tha* it is a colourless gas, which furnishes a liquid boiling 
at a much lowi'r timip. Silicoethane can be collected over mercury without per- 
ceptible d(‘composition ; and it smells like silane, but is more repulsive. The 
density of the gas at 21° is 31*75 (theory, 37*1 ), and the mol. wt. is G4'0 (theory, 62*()) ; 
H. Moissan and S. Srnih's obtained a density of 2*37 (air unity) at 1(X)°. A. Stock 
and C. Somiesky found the sp. gr. of the li([uid to be 0*b80 at —25° ; and 

-118“ -110“ -90“ -61*1.5“ -468“ -.87“ -22“ -15*7“ 

Vap prcHM. . 1 2 10*5 81 180 200 m 725 rnm. 

R. Wintgen represented the results by log p -72578— 1133*6T"A The b.p. is 
—15° at 700 mm. ; P. Lebeau gave —7°, and 11. Moissan and S. Smiles, -f 52°, 
and they said that the m.]). is - -138°, while A. Stock and C. Somiesky gave - 132*5°. 
R. Wintgen, and A. Stock and co-workers found the molar heat of vaporization. 
The mol. heat of vaporization at 0° is 544:3*1 cals., and at 51 1 1 cals. ; and Tror.ton’s 
constant, 1 0'8. Disilano does not decompose at ordinary temp., butAut about 3(X)°, it 
is rapidly decomposed into a liquid and a brown solid which (lecomjioscs in contact 
with alkali-lye with the ■•evolution of hydrogen. The decomposition of disilane 
at about r)(X)° resembles the cracking of hydrocarbons ; in addition to silicon, large 
vols. of silane are formed, the reaction being dependent on the reducing action of 
primarily liberated hydrogen on disilane. The higher hydrides are not produced 
in sutticient (piantity to make the method a jiracticable process of preparation. 
At higher temp., the fission of the disilane occurs, and hydrogen predominates. 
Disilane is more stable than the corresponding diborane. H. Moissan and S. Smiles 
say that when the gas is sparked under reduced press, for 15 mins, it is decomposed 
into amorphous silicon and hydrogen ; the silicon appears as a reddish deposit 
on the walls of the containing tube, and, added A. Stock and C. Somiesky, the 
decomposition by sparking is slower than is the case with diborane. Comparing the 
chief pliysical properties of silicoethane, diborane, and ethane : 

, M.p. B.p. (670 mm.) Sp. gr. liquid 

Ethane, . . .171*4° - 89*3° 0*46 

Diborane. B,H, .... 169° - 87° 

Silicoethane, Si, .* . -132 6° -15° 0*69 

• 

H. Moissan and S. Smiles say that when silicoethane is exposed lo air at ordinary 
temp., it inflames spontaneously, burning brilliantly and explosively; P. Lebeau 
said that the spontaneous inflammability is probably due to the presence of silico- 
ethene, Si 2 H 4 , but A. Stock and C. Somiesky stote that highly purified silicoethane' 
inflames spontaneously in air. The introduction of air into a flask containing silico- 
ethane produces a vigorous explosion with the separation of white and brown 



blLlCUN 


I 


223 


flecks. Like ailicane, silicoethane is slowly decomposed by water at room temp. ; 
in 24 hrs., 20-25 per cent, of the gas was decomposed, and in 13 days only 3 per 
cent, remained undecomposed. H. Moissan and S. Smiles say that silicoethane is 
slightly soluble in water, and is slowly oxidized thereby ; and, added A. Stock and 
C. Somiesky, although the gas is not appreciably soluble in water, it is possible that 
th <4 oecomposition in contact with water occurs through the formation of an inter- 
mediate product soluble in water, because bubbles of hydrogen are developed in 
the water during the reaction. They also found that this reaction is largely con- 
ditioned by tl^e alk^alinity of the glass apparatus, for in quarlz vessels, or with slightly 
acidified water practically no change takes place during several days. According 
to H. Moissan and S. Smiles, when the gas is bubbled through warm bromine-water, 
each bubble becomes coated with a layer of silica ; nitric acid produces a similar 
effect ; cone, hydrochloric acid is without action ; and, added A. Stock and 
C. Somiesky, dry ammonia and dry hydrogen chloride havif no appreciable action 
in a short time. Cone, sulphuric ^cid has no action during a short exposure, ^but, 
a<lded H, Moi8.san and S. Smiles, the gas is dried, and it then explodes more violently 
in contact with air. Silicoethane ex})lodcs violently in contact with fulphur 
hexafluoride ; and it is soluble in ethyl silicate. A. Stock and CX Somiesky fdtind 
sdicoeihane to be fairly .soluble in alcohol, and the soln Jo develop slowly a gas, 
most of the silicoethane being given off unchanged when the alcoholic soln. is dil, 
with Walter. Silicoethane is readily soluble in benzene and carbon disuljihide 
if the silicoethane be mixed with hydrogen they can be separated by the latter sol- 
vent. If air has access to the soln, of silicoethane in carbon disulphide sjiontaneous 
Ignition occurs. IT. Moissan and S. Smiles found that silicoethane explodes 
violently when mixed with carbon tetrachloride, forming hydrogen chloride, carbon, 
and silicon ; and A. Stock and (-' Somie.sky said that silicoethane reacts vigorously, 
often with incandi'sccnce, when in contact with carbon tetrachloride or chloroform, 
forming a brown solid. Silane and silicoethane thus behave differently in con- 
tact with the.se reagents. 11 Moi.s.san and S. Smiles found that silicoethane is 
attacked by a soln. of potassium hydroxide liberating hydrogen, and forming an 
alkali silicate ; it reduces aq. soln. of ferric chloride to ferrous chloride, forming a 
browuitprecipitate insoluble in hydrochloric acid ; a dil. soln. of indigo is decom- 
posed, yielding a*green precipitate ; acid .soln. of bi^th potassium dichromate and 
permanganate are reduced, and in the latter case, brown manganese oxide is pre- 
cipitated ; soln. of silver nitrate, and auric chloride arc recfficed ; and with mercuric 
chloride, mercurous chloride is formed. A, Stock and 0. Somiesky said that 
w'ith soln. of cupric sulphate, a copper hydride seems to be precipitated ; and soln. 
of nickel sulphate, chromic chloride, and lead nitrate are not «4ianged. The 
properties of silicoethane thus differf^ radically from those of ethane, but resemble 
in many rps])erts those of silicane The difference between the hydrocarbon and 
the hjdrosilicon depend on (i) the smaller affinity of hydrogen for silicon than for 
carbon ; and (li) the readiness with which an oxygen atom can be interposed 
between the tw^o silicon atoms, but not the two carbon atoms. It is, however, 
probable that silicoethane and ethane are constituted alike : 

H. H . Hs /H 

H ^rSi-Si H 

W H H H , 

Ethane, C,H, Sillcoctljanc, 8I|H, 

Silicopropane. — In A. Stock and C. Somiesky’s metliod of preparing silane, 
and silicoethane, the residue remaining after the separation of most of the silico- 
ethane from the condensed gas obtained from the action of hydrochloric acid on 
nja^esium silicide, is fractioned at —60°, and re-fractioned at - 70“. The product 
is silicoiyopane, trisilicane, or Irisilane, Si^Hg ; the yield is O'S grm. for 1(X> grms. 
of magnesium silicide. Analysis corresponds with the formula SigHg, One c.c. 
of the gas at n.p.t. weighs 418 mgrms. The vap. density at 24° is 46‘5 (theory. 
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46*1 ). The mol, wt. is 93*7 (theory, 93). The sp. gr. of the liquid is 0*743 at 
0^/4°. The liquid freezes to a crystalline solid in liquid air ; and it melts at —1 17 *4°. 
R. Wintgen, and A. Stock and co-workers found the molar heat of vaporization to 
be 7 13 Cats. The mol. heat of vaporization at 0° is 5443*1 cals. ; and Trouton’s 
constant is 20*2. They also found : * 

-70* -50* -30® -10® -0® 15° 40® sVo® 

• Vap. press. . .1 4 18 44 95 180 490 764 mm. 

The vap. press , /), is represented by R. Wintgen by log p— 7 6764--1559*2T“i. 
The b.p. at 700 mm. is 53°. The vap. press, varies a little with the age of the 
sample on account of a slight decomposition, ^resh samples at 0° l^^ve a vap. 
press, of 95*5 mm. Comparing the chief physical properties of propane and silico- 
propane : 

• M.p. B.p, (760 mm.) 8p, gr. liquid 

l*ropuii(', .... Ix'low —195® —45® 0'64 

yilico-propano, SigHg . . . — 117 4® • +63® 0‘743 


Silicopffipane is a light, mobile, colourless liquid much less stable than either silicane 
or sfticoethane. After 18 days’ storage at the room temp., a specimen, previously 
pure, contained less volatile silicon hydrides. Similar relations obtain between 
diborane and tetraborane. When heated, silicopropane decomposes into silicon 
and hydrogen, with silicane as an intewnediate product. In air, silicopropane 
immediately inflames with a loud detonation and burns with a clear flame, forming 
brown and white solids. Silicopropane reacts slowly with water with the develop- 
ment of hydrogen: Si^Hg l-()H.,O-=3SiO2>-kl0H2. After 24 hrs.’ contact with 
water, 18 per cent, had decomposed so that the velocity of the reaction is nearly 
the same as with sdicane and silicoethane. Likewise with soda-lye, silicopropane 
dccom[)osed rapidly ; with 33' per cent, lye, IK) per cent, had decomposed in 10 
mins, and the calculated quantity of hydrogen : 8i3Hg-i-fiNa()H-f-3H20-^l()H2 
-f- 3 Na 28 iO;j, was obtained. Carbon tetrachloride acts more vigorously on silico- 
propano than on silicoethane. The explosive action noted by H. Moissan and 
S. Smiles, and A. Stock and co-workers was observed only in the presence of oxygen : 
the merest traces of oxygen suffices to induce the change! A. Stock and P. Stiebeler 
represent the reaction with chloroform by Si3Hg+4CHCl3=^Si3'H4Cl4-f-lClLCl2 
and Siallg f r)0H(33-.Si3H3Cl5-K>CH2Cl2, at 50° in the presence of aluminium 
chloride. Small quantities of methane, and methyl chloride are also produced. 

Silicobutane. -The liquid residu(^ remaining after the removal of the silico- 
propane from the licpiid condensed from the gases evolved by the action of hydro- 
chloric acid OR magnesium silicide, is distilled at a temp, of -25®, and the con- 
densed product re-fractioned at —35®. The, product is silicobutane, tflroMlicane, 
or Idranlane ; the yield from l(K) grins, of magnesium silicide is ()-3 grin. Analyses 
agree with the formula Si 4 H,o. The vap. density is 61 •() (theory for Si 4 Hio, 61 2) ; 
the mol. wt. is 122*9 (calculated 123*3). One c.c. of the gas at 0“ and 760 mm. 
weighs 5*48 mgrms. The sp. gr. of the liquid is 0*825 at 0®/4°. The m.p. of the 
solid is about -90°. R. Wintgen, and A. Stock and co-workers found the molaf 
beat oi v,apoT\ 2 .at\on to be 9*18 Cals. ; and 

• -so® -20® -15® 0“ v-io® 20® 25® 

A^ap. iyess. . . 0-8 10 2’8 5 8 7 8 14 0 24 0 33*0 mm. 


Th ’ T' ‘^T ' Tbo b.p. at atm. press 

109 . The physical properties of »-hutane, tetraborane, antf siliLbutane are .■ 


Tvtraboraiw, 
SiUi'obutmw, SifHjo 


Af.p. 

136^ 

112’^ 

-90® 


B.p. (760 mm.) 
00® 
16° 

109 ° 


Siheobutane is a colourless liijuM, which very closely resemblei 


Liquid ip. gr. 
0'60 

om 

silicopropane 
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in its properties. It decomposes fairly rapidly at room temp., and the vap. press, 
rises quickly on standing. The vap. changes the surface tension and meniscus 
of mercury. The gas decomposes into silicon and hydrogen when heated- - silane 
is an intermediate product. In water, drops of the liquid acquire a turbid film, and 
hydrogen is slowly developed. Itf inflames with a loud detonation w'hcn exposed 
to tHe air, Silicobutano reacts like silicopropane with chloroform and carbon 
tetrachloride. , 

The liquid remaining after the removal of the series from silicane to silico- 
butane probably Contains a small quantity of siUcopentane, petiiasil'kane, or 
pentasUane, S15H12, and a still smaller quantity of silicohexane* iiextisilicaiw, or 
hexasilane, §i6Hi4. The former has a vap. press, of about To mm. at ()“, and the 
latter about 1 mm. No evidence of higher members of the series than Si(jHj[4 
was ob.served. The ponta- and hexa-silanes appear to behave like the lower 
homologue towards air, water, alkalies, etc., and also when heated. The higher 
members of the series are less stable to light and appear to decompose according 
to the scheme: Si5Hi.2-»2(SiH5,+Si2y6-fSiH4. The unsaturated hydride, 
(SiH)„ cannot be obtained in a volatile form of low mol. wt. If obtained^y the 
autodecomposition of the silicoparafiins, by the action of the silent electric discharge 
on these compounds, by the action of acids on silicides, or by the action of sodium 
amalgam on sihcoparatlins and their chlorides, it always apt)ear8 in the solid, yellow, 
associated form , its composition varying between (Sill), and (Silli-s),. 

In general, it may bo said that silicon has a much smaller aifinity than carbon 
for hydrogen , and silane, the most stable member of the series, is much less stable 
than methane. The former decomposes at the latter at very much 

higher temp. The silane series of hydrosilicons are readily oxidized, and oven 
take fire spontaneously in air ; as also do other heavily hydrogenated compounds 
of silicon— rnonoclilorosilane, SiHsCl. The members of the silicane series are 
decomposed by water, and more rapidly by soln. of alkali hydroxides. Similar 
remarks apply to the organic derivatives of the type SiHHs, where R denotes a 
hydrocarbon — alkyl or aryl ' radicle ; although C. Pape's * tripropylsilano, 
8111(03117)3, is not attacked by alkali-lye. A few alkyl or aryl derivatives of the 
type are known, but none corresponding with SiH2H2 SiHsR have been 

made. About ihfty tetra-alkylsilanes have been made from silicon tetra- 
chloride or silicochloroform by treatment witu magnesium alkyl halides. 
They range from the simple tetraraethyl silane, 81^113)4, to the complex 
Si{02H5)(C3H7)(C6H5)(C7H7). These compounds are inflammable liquids resembling 
ligroin or petroleum; their volatility differs* but slightly from that of the corre- 
sponding hydrocarbons. They have been halogenated, sulphonate^ nitrated, etc. 
A. Bygden found the alkyl-silanes t^ be fairly stable liquids even in contract with 
water and alkali-lye ; they show an asymmetric structure and optical activity ; 
their rotatory power, however, is small in comparison with that of the corresponding 
hydrocarbons. The tetra-aryl derivatives of high mol. wt. are obtained more readily 
than the corresponding hydrocarbons — e.g. 8i(CgH5)4 is easily made, whereas 
M. Gomberg showed that triphenylmethane, CU((JgtI^)3, is formed under conditions 
where tetraphenylmethane, C(CqH^) 4, might have been anticipated. The fact 
that tetraphenyhiilane, 81(03115)4, auitetrabonzylsilane, 81(07117)4, can bh readily 
prepared, while tetraphenylmethane, 0(0eH5)4, can be made only with difficulty,* 
and tetrabenzylmetbane, 0(07117)4, is not known, is taken to show iVt 'wVile fbe 
affinity of silicon for hydrogen is less than that of carbon, the affinity of silicon for 
j^the hydrocarbon radicles is greater than that of carboif. The analogy between 
the silicon and carbon alkyl and aryl derivatives is perhaps not surprising when it 
is remembered that carbon per se exercises a preponderating influence on these 
compounds. Corresponding compounds with bismuth, tin, and lead are known. 

Compounds with chains of silicon atoms are usually far less stable than the corre- 
sponding carbon compounds, and this the more, the longer the chain. Several 
derivatives o^silico-ethane are known — ^thus, A. Bygddn made hexafMihyUilk(h 
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ethane, Si2(CH3)g ; C. Friedel and A. Ladenburg hexaelhyMicoethane, Si2(C2H5)g ; 
W. Schlenk and J. Kenning, hexaphenyMicoethane, Si2(CgH5)0 ; and G. Martin 
made hexaelhoxysilicoelJmie, Si2(OC2H5)y. The more complex halides of silicon 
or ailicoD compounds with hydrocarbon radicles, are rather more stable than 
the corresponding hydrogen compounds. The silicoethane derivatives with organic 
ra^cles, hexamethykilicoethane, and bexaethylsilicoethane, are Made fi»m 
silicon hexachloride by treatment with the respective magnesium alkyl halides ; 
and hexaphenylsilicoethanc is made by the same reaction and by treating triphenyl- 
chlorosilanc, (CgH5)3SiCI, with sodium; while hexaethoxysilicoethane is made 
by treating silicon hexachloride with alcohol. , 

The unsaturated bydrosilicons, — The evidence of the existence of ♦unsaturated 
derivatives of 8 ili{;on~^■.e. compounds with double-linked or triple-linked silicon 
atoms-18 v(^ry doubtful. P. Lebeau reported that when the mixed gases formed 
by the action of hydrochloric acid and magnesium silicide are liquefied, and the 
iquid fractioned, the first product is a gaseous^mixture of silane and silicoethane 
and a coloiir](!S 8 liquid. The liquid explodes violently in contact with air, and 
burns with a bright flame. He said that the probable formula is Si2H4, corre- 
spohding with sihcoethene, or silicoethylene. A. Stock and C. Somiesky consider 
this a mistake they ol^amed no evidence of such a compound in their study of 
the products of the action of hydrochloric acid on magnesium silicide. This is 
confirmed by A. Besson and L. Fournier’s failure to prepare the corresponding 

of dll acids on calcium monosilicide to be silicoethylene, formed in accord with the 
ov^ dill : Si : Si : II^. W. Schlenk, how- 

fC ir/r m T but the corresponding 

(td 6)2^ . ( II2 has not been obtained. J. Ogicr’s analysis of the product obtained 

a mS^ P^'bLly dealing with 

a m xture. Similar remarks apply to C. S. Bradley’s alleged synthesis of what 

i by triting^alcium silieWe 

at oi rv ^ r crystallme solid is not explosive, and is stable 

closed h J I ?• ■ 7 I'eated in a 

d sso Ivof it si'icon remains. A soln. of sodium hydt-oxide 

.*i,S ■“ '■ s.".o^' 

and cold f?n. hydroEoacid rnmml^^^^ HubHoquontly washing the product with water, 
by the action 01 t ro^ •He assumed that the hydrogen liberated 

hvdrk (> on water reacted with the silicon, forming the 

nL i air anT bums with great splendour when quickly h’eated to^r^S" 

busti^ 1 * Vr T layer of silica is produced. During the com- 

approaching mihiiw" "TthXn''’™i **1“ ’y'?"'*'’ ™cuo at a temp., 

flame is obrnttal Xn J “ “™red crucible, a fccbfc 

in an opeli crambic and 11X10“ b 7 "“ incipient redness 

..nd a nSduXcf silicon m 1 ? * 

fluoric acid, or notash Ive a «,non * treated with hot hydro- 

H. St. C DeVille doubted the ‘l^f^tity of silica is dissolved and hydrogen gas ovdved. 

J. J. Berzelius More nmbAhi » hydrosilicon such as that described by 

tierzolius. More probably the product was related with F. Wbhler’s oxyhydrides 
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§ 16. Silicon Suboxides and Oxyhydrides^iloxones 

• 

The white product, re.-iembling mother-of-pearl, obtained by the action of light 
and water on the yellow form of silicon was called by F’. Wohler i Idtcone— A cvko?, 
white. The change occurs slowly *111 darkness. F. Wohler assumed that the 
silicon decomposed the water, and formed Icucone ; his analyses of the product 
ranged between 814^1505 and 81411305. 0 . Hdnigschinid’s analyses of the white 
product obtained by the action of air and light as well as of water on silicon, after 
washing with alcohol and ether, and drying in vacuo over sulphuric acid, corre- 
sponded with 81311304 ; it had a similar crystalline form to calcium silicide. 
A. Geuther made a substance with a composition 11281305, by the action ef hydro- 
chloric acid on magnesium silicide. A. Michaelis considered it to bo silicoformio* 
anhydride, C. Winkler supposed it to be different. D. I. Mendel^eff gav(kSiH403 
for the composition of leucone, and he regarded it as trihydroxysilane, SiH(OH)3, 
which he assumed to be the first product of the hydrolysis of trichlorosilane or 
silicochloroform, SiHCl3, a reaction which he symbolized : 81110134-31120 
=SiH(OH)34-3lfCl. He continued : This hydrate, like the corresponding hydrate 
of phosphorus or carbon, docs not remain in this state of hydration, but loses a 
portion of its water. The carbon hydrate, trihydroxymethane, CH(OH)3, loses 
water tyid produces formic acid, H.CO.OH ; but trihydroxysilicanc loses a still 
greater proportion of water and leaves Si2H203, which must be an anhydride, two 
remaining hyi 7 rogen atoms being left from the silane : 



228 


INORGANIC AND THEORETICAL CHEMISTRY 

/ /OH\ o 

This product is, therefore, called sUicoforiniC &nhydhd6f HSiO.O.OSiH. H. 

Hfid F. Wohler discovered this compound in 1857 ; they showed that it isdormed^as 
a voluminous white powder when silicochloroform, silicobromoform, or silicoiodo- 
form is hydrolyzed by water at 0° : 2HSiCl3d-3H20— 6HCl+Si2H203. C. Friedel 
and A. Ladenburg recommend the following mode of preparation : » 

f 

SilifochJoroforni, boiling between 34° and 35°, is gently distilled into water at 0°. 
The end of the tube dipping m water has a funnel-shaped end so as to prevent its being 
blocked by the formation ol the solid. As soon as the first bubble has traversed the liquid, 
the white insoluble compound appears ; and when the operation is ended, the product 
can bo readily !>i>parated by filtration, washed with iced-water, pressed between folds of 
filter-paper, ami dried in vacuo over sulphuric acid.^ After these operations, the product 
(!an be dried at 150° without decomposition. „ 

J 1 . Gattiirmann prepared this compound in a similar manner, but washed it 
with iced-water, alcohol, /tiid ether. C. Winkler said that the compound is formed 
by the action of a soln. of ammonium chloride on magnesium silicide— the product 
is coloured iirowii owing to the presence of amorphous silicon. F. Wohler showed 
that this substance is probably ^iresent in the residue which remains after dissolving 
grey cast-iron, or mangane.se silicide in hydrochloric acid. According to L. Oambi, 
silicoformic anhydride is produced when silicon sulphide, SiS, in small pieces is 
treated with iced-water free from air in an atm. of hydrogen. The product can be 
washed with cold water, alcohol and ether. Hesaid that silicofmmic acti/, H.SiO.OH, 
is probably formed first : SiS-J- 2H2O--H2S l-H.SiO.OH, and added : The formation 
of silicoformic acid is analogous to that of formic acid, which can be obtained 
from (ddoroform, carbon monoxide, or compounds containing bivalent carbon, 
such as tlu! carbylamine derivatives, C : NR ; this analogy can be extended to the 
corresponding germanium compounds. 

11 . Buff and F, Wohler found that silicoformic anhydride is a voluin'inous, 
amorphous, wliite powder whith sinks in ether, and floats in ’vfater. It is not 
changed at dOO'^ but when heated mon^ strongly, hydrogen and silane are evolved, 
and a mixture of brown amorphous silicon and silica remains. L. Cambi said that 
in vacuo, at 400 °, it splits up into hydrogen, silicon, and silica. 0 . Honigsehmid 
said thaf' when leucone is heated in vacuo, the brownish-yellow crystalline residue 
which remainsSias the^cornposition of silicon tetratritoxide, 81304, and it dissolves 
in alkali-lye, and in hydrofluoric acid with tvie evolution of hydrogen. H. Buff 
and F. Wohler stated that when silicoformic anhydride is heated in air, it glows 
with a jihosphoresccnt light, and is finally oxidized to silica ; when heated in oxygen, 
it burns brilliantly ; when heated in hydrogen, the evolved gas contains silicon 
hydride ; it is not changed by cone, nitric acid or the other mineral acids, but 
with hydrofluoric acid, it is vigorously dissolved, and hydrogen, etc., is evolved. 
L. Oambi said that water oxidizes it at ordinary temp, and hydrogen is evolved : 
^1011203+1120 -2Si02-f2H2. H. Buff and' F. Wohler found that aq. ammonia, 
and alkf\)i hydroxides or carbonates dissolve it giving off hydrogen, and forming 
an alkali silicate : Si2H203+4K0H=2K2Si03+H20+2H2. D. I. MendeHeS 
said : “ The compound has no acidic properties and there are no acid hydrates of 
silicon, corresponding with formic acid, which give salts when acted on by alkalies. 
It must not, however, be forgotten that when formic acid is heated with an alkali, 
a carbonate and hydrogen are formed: CH2O2+2KOH— K2CO3+H2O+H2. 
Consequently, a similar decomposition is accomplished with silicoformic anhydride 
as with formic acid, only at the ordinary temp.” L. Cambi said that siliqoformic 
anhydride is a strong r^ucing agent, L. Gattermann found that permanganate 
soln. are reduced by it, but not chromic acid ; and H. Buff and F. Whhler obtained 
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with silver nitrate soln., a brown substance which, when treated with aq. ammonia, 

forms silver silicate. 

• 

H. Buff and F. Wohler examined the liquid which remained after the separation of 
silicoformic anhydride by filtratioft. On standing, or when rapidly heated, or when 
amftionia is added, hydrogen is evolved. The liquid has strong reducing properties, for 
it*8eparat^ sulphur from sulphur dioxide ; acidified soln. of selenic or telluric acid deposit 
selenium or tellurium ; raercxuic chloride gives mercurous chloride or mercury ; })ota88i«m 
permanganate soln. are decolorized ; soln. of auric chloride give the metal ; soln. of 
palladous chloride^ give a black powder ; soln. of potassium cupric oxide give hydrated 
cuprous oxid(f ; and silver soln. give first silver chloride, then a dark brown precipitate which 
is converted by ammonia into silver^ilicate. Soln. of chromic acid, indigo, platinum, and 
indium salts are not changed. 

C. Fricdel and A. Ladenburg found that when hexabromosilicoethane, Sii^Bro, 
is treated with iced-water, hydrogen is evolved, and a white powder is deposited 
which when washed with water at 0°, and dried at 100°, has the composttion : 
Si202(0H)2 ; it is called silico-oxalic aoid. The air-dried powder has the com- 
position : (Si00H)2.2H20. They also made it by the action of hexaiddosilico- 
othane, Si2te, on absolute alcohol, the ethyl iodide formed at the same time 4)eing 
removed by distillation. L. Troost and P. Hautefeiiille obtained the same prftdiict 
by the action of wat(T on hexachlorosilicoethane. L. Oattormann and K. Weinlig 
made it by exposing purified ])exa(;hlor(isilicocthane in a platinum dish, cooled \vitii 
ice, to the moisture of the air until it was converted into a solid, white mass. It 
was then allowed to remain over lime as long as hydrogen chlorid(* was given off. 
The product contained 97 per cent, of silico-oxalic acid. The formal relationship 
between oxalic and sibco-oxalic acids is illustrated by the formula) : 


O-O-OH 0=Si-0H 

Q=C-OH O-Ri-OH 

Oxalic acid, (CO.OH)^ SUlco-oxallc add, (SiO.OH), 


(\ Friedel and A. Ladenburg explain the formation of silico-oxalic acid by sup- 
posing SioiHOjfl to be first produced, and to become Si202(H0)2 by the loss of 
•^12^’ Altbougli tins substance is the chemical analogue of oxalic acid, it has no 
acid functions , bases, even the most dil., decompose it with evolution of hydrogen, 
just as o.xalic acid under certain conditions is decomposed by potassium hydroxide. 
Silico-oxalic acid is said to be a white amorphous pow^der* and when heated in air or 
oxygen, it decomposes,with incandescence, liiaving a residue of silica in proportions 
agreeing with 2(SiOOH)2-f 02~2Il20-f 4Si02. L. Ciattermaim and K. Weinlig 
said that when heated in a test-tube, it dccom])osc8 violently with flSbhle detonation 
and the evolution of hydrogen. !♦ also explodes when rubbed with a hard sub- 
stance. When heated with bases, it devcl()])s hydrogen : (SiOOH)2-j 4K0H 
~2K.,Si03-|-2H20-|-H2. L. Troost and P. Hautefeuille showed that silico-oxalic 
acid is a reducing agent ; permanganic acid is rapidly reduced, and chromic acid 
slowly. Cold aq. soln. of selenic acid and of auric chloride are not reduced. Cone, 
nitric acid is absorbed by silico-oxalic acid, and is not removed by wa.shing or drying 
in vacuo ; and is given off only when heated near the decomposition temp, of silico- 
oxalic acid. Hydrochloric and sulphhric acids are not taken up in the same way.. 
According to L. Gattermann and K. Weinlig, when octochlorosilicypropane, 
SisClg, is rapidly decomposed by wat^r, it forms an insoluble acid whifib is probably 
silicoiAesoo^C acid, HO.OSi.HiO.SiO.OH, L. Gatternjann and E. Ellery made 
this acid by exposiag octochlorosilicopropane in a jdatinum dish, at 0°, to atm. 
air. Hydrogen chloride is evolved and silicomesoxalic acid remains. The formal 
analogy with the corresponding carbon compound is illustrated by the formulae : 


0-C-OH 
HO-C-OH 
• 0=C-0H 

Mesoxallc acid, 030,(06)4 


O-Si-OH 

HO-Si-OH 

O-Si-OH 

SUiouineaoxallc add, 8 l 30 ,( 0 H )4 
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Silicomesoxalic acid is a white powder which does not dissolve in cold water, 
but is decomposed by hot water ^^iving rise to silica and hydrogen. The acid 
when dry is extremeiy unstable and decomposes more violently than sihdo-oxalic 
acid. The decomposition often occurs spontaneously and with incandescence. 
The acid has strong reducing properties, and rapidly reduces a warm alkaline loIn, 
of potassium permanganate. * 

* It is doubtful if silico-oxalic acid and silicomesoxalic acid possess the simple 
mol. formula! which characterize their organic namesakes. The/^ are amorphous, 
non-volatile, and insoluble in water. Silico-oxalic acid decomposes when warmed ; 
and silicomesoxalic acid is liable to decompose explosively with the evolution of 
hydrogen. D. I. Mendeleeff says that these compounds probably form" silica and 
silicon hydride which decomposes into silicon and hydrogen just as phosphorous 
ajid hypophosphorous acids decompose into phosphoric acid and phosphine under 
similar circumstances. * When heated in air they burn, forming silica. They are 
not attacked by acids, and with alkalies they giwj off hydrogen and form a silicate. 

G. Martin has brought forward some evidence to show that in the presence of 
attachei oxygen atoms, say H.O.H or potassium hydroxide— two directly linked 
silicon atoms, ”Si— Si“, are severed with the liberation of hydrogen: =Si— Si= 
O-fSi— ; and thus one directly linked pair of silicon atoms 
corresponds with the evolution of one mol. of hydrogen. This agrees with the 
action of aq. alkalies on, say, hexaethyoxydisilane, Si2(0(^2H5)6- Unlike the 
silicic acids, all the (presumably) hydroxyl groups of silico-oxalic and silicomesoxalic 
acids are retained in vacuo, over sulphuric acid at lf>°, or steam at 100^. Gr. Martin 
considers that the greater stability of silicoxalic acid “ proves that the silicon atoms 
which are directly united retain hydroxyl-groups much more tenaciously than do 
silicon atoms which are united through oxygen atoms,” as is presumably assumed to 
bo the case with silicic acid. 

It has been assumed that the easy decomposition of the silico-oxalic acids, their 
disinclination to form salts, and the evolution of hydrogen when they are treated 
with potassium hydroxide, show that the hydrogen is probably united directly 
with the silicon and not indirectly through hydroxylic oxygen as in the case of the 
silicates. Consequently, the analogy with the oxalic acids, suggested by the names, 
does not hold good. Formic aC'id, however, when heated with alkalies docs evolve 
hydrogen: H(X)OH {-2KOn=K2fT);pf-H20“{ 1^2. and hence the so-called silico* 
formic anhydride is probably the anhydride of an analogous acid, ll(SiO)OH. 
The graphic formula' can therefore be represented, pro (mpore, as : 


H Si 


0 

0 

""o 


Slllcot’ormic anhydride, 


9 

II -Si~ 0 
H- l^i-O 
0 

Sllico-oxallc acid, 


0 

H- Si-0-0,, ...H 
H- {^i-0- 0^ % 
0 

Sillcoincsoxalic acid, 


0 . Martin argued that ( 1 ) the mode of formation of silico-oxalic acid by the 
hydrolysis of hexaethyoxydisilane, 812(002^15)0, shows that it contains the chain 
p:Bi(OH)~8i{OH)~ ; and that the inode of formation of silicomesoxalic acid by 
the hydrplysia of the octochlorotrisilane, SisCls, shows that this acid contains the 
group - SifOil) — Si{0H)2—Si(0H)=. (2) It is necessary to explain why the action 
of ammonia gives only oi^o kind of silica by assuming that (i) at least three mols. 
of hydrolyzed hoxachlorodisilane are linked together by *9xy^en atoms when 
silicoxalic acid is formed ; (ii) at least two mols. of hydrolyzed octochlorotrisilane 
are similarly linked together t^ form silicomesoxalic acid ; and (iii) when the two 
srlico-oxalic acids are treated with ammonia, each ring loses its hydroxyl groups to 
form a cyclic or ring compound involving at least 68162, which is supposed to repre- 
sent the mol. of silica. The hypothetical relation between the three compounds 
in question is illustrated graphically : “ 
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HP 

OH 

• Si- 

—Si 

/' 

1\ 

00 

00 

V 

V 

HO.Si 

Si.OH 


\ 0 ^ / 

Si<^>Si 

HQ ^ OH 


Sillco-oxallc acid 



Granting that these formula} for silico-oxalic and silicomesoxalic acid are valid, 
it cannot be safely assumed that because silicic acid is produced by these reactions, 
the commonly accepted formulae are erroneous. The silica actually produced 
may be the only form which is stable under the conditions of the experimentr just 
as when water is liberated from*all sor^ of complex reactions, the equilibrium 
product is always the same for the same conditions of t-emp. and press, in order 
to maintain the proposition that silica is a hexadic ring, it would be necessary to 
assume a complex change when silica is liberated from hexachlorodisiloxane, etc. 
In the absence of the mol. wt. and more precise information concerning these and 
other compounds of silicon, it is possible to weave wonderfully ingenious and 
subtle patterns, with gossamer threads which have far too line a texture to bear 
contact with harsh material facts. 

F. Wohler designated by the term silicone a product which he obtained by the 
action of cono. hydrochloric acid upon calcium silicide. The following is the mode 
of preparation : 


Calcium silicido in frajjmenfti wok treated with hydrochloric acid in a vcbsoI surrounded 
by cold water Hydrogen wan evolvt'd and tho calcium Hilieido gradually converted into 
Hilicono, The mixture was left for several hours in a dark plnco ; and agitated until tho 
evolution of gas had ceased. Tho nuxturo was dilut<‘d with six or seven times its vol. of 
water, and filt^'red while protected from light. 'I'ho product was washed, pn^ssed between 
(Utcr-ynper, and dried in darkness in vacuo over sulphuric acid. 

D, I. Mcndolecff called it chry scone — golden. Analysis showed that 
the alleged silicone contains both hydrogen and oxygen, corresjtonding approxi- 
mately with the formula Sij^H^O.^. 0. Boudouard obtained a similar product by 
the action of hot hydrochloric acid on silicou-steel. 0 Honigsehmid said that the 
crystals are dark yellow plates, pseudoinorphs after calcium silicide, and that they 
have a smaller sp. gr. than silicon. The crystals are bleached white by a few 
minutes’ exposure to direct sunliffht, and they are gradually decolorized on 
exposure to diffuse daylight, probably by oxidation. When heated in vacuo, 
or in an atm. of hydrogen, the product gives off hydrogen and furnishes a 
grej’i.sh- black substance. F. Wohler said that when heated in a tube to 100°, it 
develops hydrogen and leaves a mixture of silicon and silica ; at 190° in a sealed 
tube, it is converted into hydrogen and silica. 0. Boudouard said that it decom- 
poses if heated above 200°, and that decomposition is complete at 4^)° ; and 
K. Donath, that silicone is converted3nto leucone by heat, and light. With watej, 
hydrogen is evolved, and the product becomes white ; the reaction is slow in dark- 
ness, rapid in light. E. Donath and E. Lissner said that the compouhd is insoluble 
in water, alcohol, silicon tetrachloride, phosphorus tricjiloride, and carbon disul- 
phide, When heat«i at bright redness in a stream of dry chlorine or hydrogen 
chloride, it is decomposed with an explosion. It is decomposed very slowly by 
hydrochloric acid ; and fuming nitric acid oxidizes it with incandescence. If 
.suspended in water and then treated with nitric acid, it decomposes with the 
evolution of nitrogen oxides. The reaction is slow at first, but progresses rapidly 
later on. The silicone is at the same time oxidized to silicic acid. According 
to 0. Honigsthmid, fuming nitric acid oxidizes silicone with incandescence. Cone. 
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sulphuric acid has no action. The dil. mineral acids act like water. S. Tamaru 
found that the coloured tabular crystals become white after prolonged coijtact with 
hydrofluoric acid. Cone, hydrochloric acid acts similarly. 

The fact that the hydrogen in F. Wohler’s product behaves like that in silicon 
hydride led 0. Honigsehmid to assume that the hydrogen is attached directly I5b the 
silicon and not to the oxygen. According to 0. Honigsehmid, alkali hydroxides 
or carbonates, ammonia, and pyridine decompose the silicone with the evolution of 
hydrogen: 2H3»Si302+12K0H-f 2H20~6K2Si03-fllH2. Th(’ soln. do not de- 
colorize Boln. of alkali permanganates or dichromates, and it pi^ecipitates the 
' metal from solu. of salts of copper, mercury, silver, gold, and platinum. A. Stock 
suggested a syst^nn of naming the silicon-oxygen compounds containing the group 
Si.O.Si by calling the parent hydrogen compound siloxane, and to specify the 
number of oxyg(m ai^d silicon atoms by such terms as disiloxane, disildioxane, 
etc.. Thus (SiCl3)20 becomes hexachlorodisiloxano, and the term octophenyltetra- 
silpontoxane would be ap])lied to : •* 

0 

A. Stock believes it to a mistake to apply the nomenclature of organic chemistry 
to the above compounds because the radicle — SiO.OH in no way resembles a car- 
boxy-group - -CO.OH, and lie suggested using the term hydroxyoxo-group. 

li. Forinals, and A. Kolb doscrib(^d a Hilicono which they obtained by the action of boiling 
cone, hydrochloric acid on calcium silicido, Ca,Siio. The product washed with water, 
and dried by treatment with alcohol, and other had the composition of tetradecahvdro- 
deoaslldeooxane, Hi4SijoOio. or graphically : 


Si(C,H5‘)2.0.,Si(CeH5)j 


HO H H If H H H H H OH 

H0ySi~Si-8i-Si -Si-Si-8i-Si-8i-Si( Oil 
HO / \/ 'OH 

0 0 0 0 

mid when driixl at 120^ in a .stream of carbon dioxide, furnishixl decahydrodecaslloctoxane, 
"io®HoO| or H ijSiioOb, or graphically : 


H H H H H H H 


HO 


Si-8i vSi-8i-Si-8i-Si-Sj 8i--Si :. 


. -0 


OH 


0 


I he oranp-yellow crystallino moss was insoluble m water, and was bleached white on 

alkali 'r K 1 of acids, but not so in the presence of 

alkah.^H. • By lunploymg the calcium silicide, Ca,.Si„, m place of t'a.Siio, A. Ivolb, and 

H\si ft Hihcone with tho composition of octohydroctoslltrldecoxane, 

iigMgUi,, or H 7 rMgUjg, or constitutionally : 


^ OH OH OH OH OH OH 
110 ^ 
0 o 0 


0 

OH 




K. Kautsky 2 has studied the reaction between cold Ii*ydrochloric acid and 
calcium sihcide, and obtained two compounds of different stages of oxidation. 
By treating this sihcide with cold dil. alcoholic hydrochloric acid in the dark a 
white, solid substance was obtained, ita formation being accompanied by the evoiu 
tion of hydrogen. It is spontaneously inflammable in air. Its composition corre- 
sponds with Si2H20, and its properties indicate the constitution SLH.OH. It 
has been called oxydisiline: 0aSi2-f2HCI-bH20=-H.Sio0H-fCiICl2-fH2. It 
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is a powerful reducing agent, and can be oxidized quantitatively by means of 
bromine to silical bromide, SigOHBr, the term silic^id being used to signify the 
radicle ^i20H-. The reaction is symbolized : H.Si2.0H+Br2=Br.Si2.0H-f HBr. 
Silical bromide is hydrolyzed by water to form silical hydroxide, a red compound, 
whiMi combines with strong acids, such as hydrochloric acid, to form silical chloride, 
Si2\)HCl ; 'with sulphuric acid, to form silical Stllphate, (8^011)2804 ; with formic 
acid, to form silic^ formate ; or with acetic acid, to form silical acetate. The 
salts are all yellowito red in colour. The silical compounds are all powerful reducing 
agents. TheV, as well as oxydisiline, are decomposed by alkalies with evolution of 
hydrogen and formation of silica. Wohler's silicone is considered to be oxydisiline 
contaminated with silical hydroxide. Halogenated hydrocarbons such as carbon 
tetrachloride, chloroform, or ethyl iodide in presence of traces of water and under 
the influence of light oxidize oxydisiline to silical compounds. The reaction does 
not proceed in the dark, but is extremely sensitive to light. It is remarkablej^hat 
oxydisiline and the silical compoun(!fs prepared as described above retain the external 
crystalline form of the calcium silicide froni which they are formed, and tljp same 
crystalline form persists when oxidation is carried to the final stage, silica. 
the substances have a very open structure is shown by the rapidity with which 
the reactions proceed in the solid state, and also by the nifirked absorption of basic 
dyes by the end-product, silica. Kapid oxidation of the silical compounds, for 
example, by permanganate, is accompanied by the phenomenon of chemilumi- 
nescence in a remarkable degree. H. Kautsky and co-workers prefer to call 
oxydisiline, H.SioOH, siloxene, and they represent it by SigOsHg or as indicated 
in the appended formula which they call cyclohexasiltrioxene 
because the hydrogen atoms can be replaced step-by-step by the SiH -0 

halogens, forming a series of halogen siloxenes ; thus silOxene ' > \siii 
monoiodide, SieO^jllsl, by the action of methyl iodide : I | 

SieHeOa-j-CHsT ; siloxene monobromide, /^\ 

SieO^^HsBr; siloxene tribromide, SigOsH^Br.,- f.c. silical bromide, SiH -0 

Vide supra ; and siloxene hexabromide, SigO^BrQ. Siloxene cycioho-xnaiitrioxcne 
does not react with methyl or ethyl iodide in darkness, but does 
so rapidly on ejgposurc to light, forming the halogen-siloxene and methane or 
ethane. Jn the presence of water or amines, hydroxy- or amino-compounds are 
formed. Bromobenzenc, the chloroacetic acids, and ot^gr organic halides react 
with siloxene in a similar manner. H. Kautsky and JI. Zocher have investigated 
the chemiluminescence and photolurninesceiirt' of these compounds in some detail ; 
their unsaturated character cannot yet be satisfactorily ex])lained. The silical 
compounds may bo of the oxonium salt type, and a certain simiTarity ^of some 
compounds of bivalent germanium Suggests that the silicon in these compounds 
may be bivalent, 8ilicalammino-compounds are formed by the action of anhydrous 
ammonia on the silical comjiounds, and from these, by the action of alcohols, liquid 
and solid organo-silicon compounds are formed. These compounds belong to a 
higher stage of oxidation than the silical compounds. 

The grey mass obtained by heating silicone in vacuo was considered by 
F. Wohler 3 to be a mixture of silicic y,cid and amorphous silicon. Like lilicon, it 
di-ssolves slowly in alkali-lye with the evolution of hydrogen, but unlike amorphous* 
silicon, it is completely soluble in hydrofluoric acid. (). Ilonigschmid beli(^ve8 that 
the product is a silicon suhoxide with the formula 8i302, silicon ditritoxide, but 
he says that he is unable to give an unwiderleglichcr Bcfwds of the individuality of 
the assumed ana^ogife of 0 . Diels’ carbon suboxide Cjj02 [q.v.). The suboxide 
reacts with chlorine or hydrogen chloride at a red heat, and much silicon tetra- 
chloride is evolved ; white silica remains. 

• A. Stock and co-workers * have prepared a number of siloxanes. They found 
that when monobromosilane, SiHjBr, is shaken with water, it changes into 
disiloxane, (SiH8)20, a colourless, odourless gas, which does not ignite spon- 
taneously butT burns with a brilliant light giving a white smoke and a brown 
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deposit of silicon. The gas can be liquefied and solidified. The m.p. is —144° ; 
the b.p. -15’2° ; the sp. gr. of the liquid at -80° is 0*881 ; the mol. latent heat of 
vaporization is 5*63 Cals. The m.p. and b.p. are lower than these constants for 
the parent hydride, Si 2 H(j, which is the reverse of the relationships between ethane 
and dimethyl ether. Disiloxane is not sensibly affected when heated to ^300°, 
but at 400° the greater portion of the substance remains unchanged, Voile 
a little hydrogen, silane, and polymeric protosiloxane is formed. It decomposes 
rapidly under the influence of heat when raised to redna 3 B. Submitted to 
a discharge of electric sparks, it slowly yields pure hydrogen. ‘When mixed 
with oxygen, it inflames or explodes at once,* the alteration in volume being in 
accordance with the equation (SiH3)20+302— 2Si02+3H20. It is not Appreciably 
soluble in water, but soon decomposes into hydrogen and insoluble products, like 
{ 8 iil 2 G)i, etc. With sodium hydroxide, however, decomposition is complete, 
according to the equation (SiH 3 ) 20 -l-H 204 - 4 Na 0 H= 2 Na 2 Si 03 H- 6 H 2 , which may 
be applied in the analysis of the gas. Disiloxaiie and chlorine react very vigorously 
at —125° ; the primary product, hexadhlorodisiloxane, may be isolated, but most 
of ^t decomposes according to the equation 4 {SiCl 3 ) 20 = 2 Si 02 + 6 SiCl 4 , and some 
brown silicon is even formed as well. Hexachlorodisiloxanc has a m.p. of —33° 
and a b.p. of 137° at 160 mm. Phosphorus pentoxide decomposes disiloxane at 
atm. temp, giving a little hydrogen, much silane, and polymeric protosiloxane. 
The initial reaction involves a slight hydrolysis : (SiH 3 ) 20 -fH 20 =: 2 H 2 -h 2 SiH 20 , 
followed by a polymerization of the volatile protosiloxane to its non-volatile poly- 
meride ; the liberated hydrogen is largely utilized in reducing the disiloxane to 
silane : (Sillsl.^O-f 2H2“28iH44-H20. The water thus liberated hydrolyzes more 
disiloxane, and the change continues until it is arrested by the absorption of water 
by the excess of dry pho.sphoru 8 pentoxide. The attempts to reduce disiloxane 
to duilcne, Si 2 H 4 , were not successful. R. Wintgen gave for the vap. press., 
p, of disiloxane, log p--7‘6864— 1232-2r“i ; and 5632 cals, for the latent heat 
of vaporation; 6560*8 cals, for the mol. heat of vaporation at 0°; and 20*0 
for Trouton’s constant. Disiloxane is the first volatile compound of silicon, 
hydrogen, and oxygen to have been prepared. Many derivatives, with the same 
elements, are known, such as silicoformic anhydride, {0 : SiH) 20 , but these are no 
doubt polymorides, W’heroas Alkyl, alkoxyl, and similar derivatives of the true 
monomeric type, for example, (SiR 3)20 and [SifORIs^O, have frequently been 
prepared. Apparently, the compound 8 ill 3 OH, which would be the primary 
product of the action of water on Sill^Br, is very unstable. It is noteworthy that 
the alkyl derivatives, SiRs.OIf, also change into oxides readily, but the alkyl groups 
do confer a iiTeasureqf stability on them, for liexaphenyldisiloxane, {Si(C 5 H 5 ) 3 l 20 , 
was found by F. S. Kipping and L. L. Lloyd ho change back into Si(r 6 H 5 ) 3 . 0 H on 
boiling with alcoholic potassium hydroxide. 

A. Stock and co-workers also found dibroinosilane, SiH 2 Br 2 , reacts with 
water to form hydrogen bromide and a volatile compound, probably oxomono- 
Silane, or protosilomm’, 8 iH 20 -”Vide magnesium silicide. This compound was 
obtained as a gas by the action of the required amount of water vapour 
on dichlorosilane in a very largo flask under greatly reduced press. It has 
, an extraordinary tendency to polymerize, much more so than the analogous 
carbon, compound, formaldehyde, in consequence of which the flask must be 
perfectly cl^an and smooth. Liquid and solid polymerides are formed immediately 
on condensation. The .liquid polymerides are like benzene, and can be obtained 
conveniently as a soln. by shaking a benzene soln. of ditihlofomonosilane with 
water. These benzene soln. are fairly stable towards water, but reduce silver 
nitrate in the cold. They correspond roughly with (SiH 20 ) 3 . This polymeride 
is an amorphous white solid, which is stable at 300° in vacuo, or in contact with 
boiling water, but inflames in air or chlorine, and reacts with sodium hydroxide, 
according to the equation (SiH 20 ),-f 2 Na 0 H-» 2 H 2 +Na 2 Si 08 . A. Stock and 
C. Somiesky found that dichlorosilane, SiH 2 Cl 2 . with water also fhmishes proto- 
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siloxane, and this immediately passes into monoxodioxydisilozane : 2SiH2Cl2 
-f 3H2O— H2-f4:HCl-f0.SiH.0.SiH2.0H, which, when treated with zinc methyl, 
forms dim'ethylsilane, SiH2(CH3)2, with a m.p. —150°, and a b.p. —20°. 

According to A. Stock and C4 Somiesky, the hydrolysis of the halogenated 
disilanes corresponds exactly with that of the similar monosilanes. Thus mono- 
brofbodisilahe readily reacts with water to yield tetrasiloxane* (Si2H5)20, as a colour- 
less liquid, which can be volatilized without decomposition, and when dissolved 
in benzene, instanli^neously reduces a cold soln. of silver nitrate, but not one of 
copper sulphate. It reacts slowly but quantitatively with a soln. of sodium 
hydroxide in accordance with the equation : (Si2H5)20-f 8Na0H-|-3H20“4Na2Si03' 
-1-12112. The solid products obtained by the hydrolysis of dibromodisilane and 
more highly halogenated derivatives closely resemble silico-oxalic acid, 
(H02Si.Si02H),. They arc slowly hydrolyzed further by^water; they can bo 
dried in a desiccator without marked decomposition ; they are blackened by silyer 
nitrate soln., owing to the separation of metallic silver; they evolve hydrogen 
when treated with alkali hydroxide ; and*finally they yield a residue of sjjicate, 
and explode feebly when heated on platinum foil, evolving gas and beconyng 
discoloured. Evidently the Si-Si linking remains intact in them. Thus, two 
stages can be clearly distinguished in the action of alkali an (Si2H40)^, namely, a 
violent evolution of gas with accompanying soln. of the substance, and then a much 
slower persistent change, which can speecTily be brought to an end by warming the 
soln. The first phase corresponds with the hydrolytic separation of the hydrogen 
atoms, whilst the second is due to the gradual conversion of sodium silico-oxalate 
into sodium silicate and hydrogen. 

C. F. Mabery ^ said that when silica is reduced in the electric furnace, 
an amorphous greenish substance is formed, and its mode of formation, properties, 
and composition indicate that it is silicon monoxide, SiO, of sp. gr. 2*893 at 4°. 
C. Winkler could not prepare the monoxide by reducing silica with magnesium or 
silicon. At the temp, of the electric arc, however, C. Winkler’s reaction, Si02 
Si->2SiO, can be realized. According to H. N. Potter, to effect a partial reduction 
of silica to silicon monoxide, a mixture of the former with the necessary proportion 
of carb*on is heatjd electrically in a closed furnace of either the resistance or arc 
type, provision being made for withdrawing the carbofi monoxide gas as it is formed. 

“ This bursting out of the carbon monoxide gas from the jioint of reaction carries 
the silicon monoxide with it, but whether in a solid, liquid, or gaseous state is not 
known ” ; in any case, a large portion of it, least, “ is carried out of the region 
ot reaction.” Provision is made for trapping the silicon monoxide, as it escapes, in 
collection chambers. The reduction can be made with carbon ; Si02-f-C’F^Si0-f-C0 ; 
or silicon carbide : Si02-|-SiC— SiH StO-{-CO ; and silicon itself can act on^carbon 
monoxide, forming the monoxide: Si-1 C0F^Si04f^^» or the oxycarbide, Si-fCO 
=SiOC iq.v.). The reaction between silica and silicon is energetic at about 1800°. 
The proportion of silica and carbon in the mixture does not influence the composi- 
tion of the final product, but the yield depends on the proportions of the initial 
materials. H. N. Potter argues that the so-called silicon monoxide is a chemical 
individual because its composition reiyains constant with wide variations in the 
proportions of raw materials employed ; and the heat of oxidation of silicon • 
monoxide is 200 to 800 cals, higher than that of an eq. mixture of silicon aryi silica. 
For commercial reasons H. N. Potter called the monoxide, monox : it contains small 
quantities of silicon carbide and metallic impurities. Monox is an opaque powder, 
silky to touch and^of afyellowish-brown colour. Its sp. gr. is 2*24 ; and its apparent 
sp. gr. 2 04. It remains solid at 1700°. The vapour should be cooled as quickly 
as possible in its preparation to prevent as much as possible the dissociation : 
28iO?=iSi-f Si02. Monox is a good thermal and electrical insulator ; its therinal 
resistance is 2500 thermal ohms. When dry and suspended in air, it has a negative 
electric charge, which depends on its fineness. It can adhere to non-conducting 
surfaces, such ‘as fibres, and form a screen impervious to solid particles such as 
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produce tobacco smoke. The chemical properties of monox are often masked by 
a pellicle of silica which forms on its surface when exposed to air. Monox burns 
in oxygen. If blown through a flame it is oxidized and whitened, but it still retains 
its pulverulent form. It decomposes water with the evolution of hydrogen, but 
the reaction soon ceases because of the formation of a protective layer of^Silica. 
Monox dissolves in warm soln. of alkali hydroxides giving hydrogen and the alkali 
Silicates. Hydrofluoric acid attacks it, leaving a residue richer in silicon ; and if 
an oxidizing agent be added to the monox, all is dissolved excepting a small amount 
of silicon carbide impurity. When mixed with red lead, litharge,* or a peroxide, 
*and ignited, monox gives a violent reaction. Monox can be used alone or in com- 
bination as a pigment ; or pressed into bricks with or without the addition of 
alumina, magnesia, etc., to form abrasion wheels. 

C. Simraondfl • shewed that certain silicates — e.g. PhSiOg, PbSijOs, and PbjSisOa 
— a»o reduced respectively to PbSiO,, PbSij 04 , and l^b.SijOj when heated in hydrogen. 
No globules of lead wore observed ; no metallic l^kd appears when fused with alkali car- 
bonate ; boiling nitric acid extracts only a small fraction of the lead. Ho therefore 
mferrod that virtually no metallic lead is formed but that the lead silicate is reduced to 
leatl sillolte. The reduction of the more basic silicates furnishes metallic lead. He also 
found that copper, iron, cobalt, and nickel silicates are similarly converted into sUleites. 
It is more likely that the Inotallic lead is present in the alleged silicitos, but in a very finely 
divided colloidal state analogous to the metallic gold in ruby gloss. This lead is reoxidized 
when the silicate is fused with alkali carbofiab' ; and protected from acid by the silica. 
W. Mostowitsch could find no evidence of the union of metallic lead with silica. 

Silicon diozidCt usually called silica, SiOo, is produced by the complete oxida- 
tion of silicon, but the preparation of the oxide from the clement would be a very 
roundabout and expensive process ; nor would the product be very pure because 
of the difficulty in preparing even moderately pure silicon. Some of the natural 
varieties of rock crystal and quartz are of a high degree of purity, although contami- 
nations may bo derived from the pestle and mortar used in the comminution of the 
mineral. Some of the white sands— after digestion with hydrochloric acid, washing, 
drying, and calcination— have a liigh degree of purity. Anhydrous silica can be 
easily obtained as a white powder by calcining the liydrated silica or silica hydrogel 
which is formed in many reactions. For instance, (i) the silica can be separated 
from a powdered siliceous nlineral by fusing it with alkali car non ate ; digesting 
the cold rake with dil. hydrochloric acid ; evaporating the soln. to dryness ; extract- 
ing the residue with hot dil. hydrochloric acid, and then with water ; and finally 
calcining the insoluble residue at a bright red-heat. J. N. von Fuchs precipitated 
the silica from the alkaline soln. ; washed it with hydrochloric acid, then with 
water and finally ignited the product. Again, (ii) silicon tetrafiuoride, or silicon 
tetrachloride, is decomposed when treated 'bith water and hydrated silica which 
is formed is washed by decantation ; the washed silica is dried, and calcined at a 
red heat. This method was recommended by J. J. Berzelius, T. Graham, etc. 
(iii) One of the most convenient methods is to decompo.se a soln. of alkali silicate 
with dil. hydrochloric acid ; to evaporate the mass to dryness ; to wash the residue 
with dil. acid, and finally with water until free from chlorides. If further purifi- 
cation be desired, the product can be dissolved in the calculated quantity of soda- 
, lye, and ro-precipitated by acid. After thorough washing, the product can be 
dehydi;/ited by calcination at a bright red heat. The washing of the gelatinous silica 
is 8oinetim& effected in a dialyzer (Figs. 5—1. 13, 7— and Fig. 51). V. Kohlschiitter 
and J. L. Tilscher® obtained colloid siliCA, dispersed in a gaseous medium, by 
making silicon one electrode of an arc, and oxidizing its viip. by a current of air. 


R£F£RENC£S. 


^ D. I. Mendel^eff, Tht Frinciplejs of Chemistry, St Petersburg, 537, 1903 ; London. 2. 101, 
1891 ; F. Wfihler, Li^'s Ann., 104. 374, 1857 ; 106. 65, 1868 ; 127. 266, 1863 : H. Buff and 
F. W6hler, t5., 104 . 101, 1867 ; C. Friedel and A. Ladenburg, ib., 148. 118. 1867 : 208. 250, 
1880 ; BuU. Soc. Chim., (2), 7. 322, 1867 ; (2), 12. 92, 1869 ; Compt. Rend., 64 * 369, 1867 ; Ann. 



SILICON 


• 237 


Chim. Phys., (4), 9. 6. 1866 ; (A), 19. 390, 1880 ; L. Ttomi and P. Hantefeuille, (6), 7. 463, 
1871 ; L. Gattennann, .Ber.,22. 186, 1889; L. Gattermann and K. Weinlig, «6.,87. 1943, 1894; 
L, Gattenn»nn and E. Ellery, ib., 82. 1114, 1899 ; C. Winkler, ib., 28. 2662, 1890 ; 0. Diels and 

B. Wolf, ih., 89. 689, 1906 ; A. Stock, ib., 60. 169, 1769, 1917 ; R. Wintgen, A., 52. B, 724, 1919 ; 

G. Martin, ib., 46. 2097, 1912 ; 46. 2442,i3289, 1913 ; Joum. Chem. Soc., 106. 2836, 2860, 1914 ; 

H. G%»smann, in R, Abegg, Handbuch der attorganischen Chemie, Leipzig,. 8. ii, 364, 1909 ; 
A. C^uther, Jem Zeii., 2. 209, 1866 ; Journ. prakt. Chem., (1), 95. 430, 1866; E. Donath and 
A. Lissner, CSester Zeit. Berg. HHU., 67. 611, 1909; L. Cambi, AUi Accai. Lincei, (6), 20. i, 434^ 
1911; 0. Honigschmid, Momtsh.,dO. 509, 1909; A. Michaelis, AnorgarwwAe Chemie, Braun- 
schweig, 2. ii,963, 1879; A. Kolb, Zeii. anorg. Chem.,M. 342,1909 ; 68. 297, 1910; S.Tamaru. 
ib., 81, 1909 ; Formals, Uel^die CaktumsiUcide unddcren AufnahmefdhigkeitfikStichetoff, 
Giessen, 1909 ; 0. Boudouard, Compt. Bend., 142. 1628, 1906. 

* K. Kautaky, Zeit. anorg. Chem., 117.* 209, 1921 ; K. Kauteky and H. Zocher, ZeiL Physik, 
9. 267, 1922 ; ’Zeit. Elektrochem., 29. 308, 1923 ; H. Kautsky and G. Herzberg, Ber., 67. B, 1666, 
1924 ; Z. angew. Chem., 36. 508, 1923 ; H. Kautsky and H. Thiele, ib., 37. 640, 1924. 

* 0. Honigschmid, Monatsh., 30. 609, 1909; IW/ohler, Liebig's Ann., 104. 374, 1867 ; 106. 

65, 1858; 127. 265, 1863. * 

* A. Stock, C. Somiesky, and R. Wintgen, Ber., 50. 1754, 1764, 1917 ; A. Stock %nd 

C. Somiesky, ib., 52. B, 319. 1851, 1919 ; 93. B, 769, 1920 ; 68. B, 132, 1923 ; F. S. Kipping and 

L. L. Lloyd, Jemrn. Chem. Soc. , 79. 465, 1901.* • 

• H. N. Potter. Bril. Pat. Nos. 26788, 1906; 1279, 1906; French Pat. Nos. 360876, 1906; 
366644, 1906 ; C. Winkler. Ber., 23. 2652, 1890 ; 0. F. Mabery, Amer. Chem. Journ., 9. 11, 1887 ; 
R. Flusin, L'Ind. Chim , 9. 391, 1922 ; Chem. Trade Journ., 71. 445, 1922. 

• C. Siinmondfl, Journ. Chem. Soc., 83. 1449, 1903 ; 85. 681, 11»4; W. Mostowitsch, Met., 

4. 647, 1917. ^ , 

» J. N. von Fuchs, Pogg. Ann., 31. 677, 18.34?; J. J. Berzelius, ib., 1. 169, 1824 ; T. Graham, 
Phil Trans., 161. 183, 1861 ; E. Jardia, ZeU. anorg. Chem., 34. 457, 1903; T. Bergman, De 
terra silica, Upsala, 1779. 

• V. Kohlschiitter and J. L. Tuscher, Zeit. Elektrochem., 27. 226, 1921. 


§ 17. The Preparation of Silicon Dioxide -Quartz, Tridymite, and Cristobalite 

At lea. 3 t seven different forms of crystalline silica are known, and possibly there 
are more. In addition, there are the amorphous and colloidal forms typified by 
the more or less hydrated opal. There is also fused or vitreous silica or quartz 
or quanfcz glass. The forms of crystalline silica stable or metastable at ordinary 
temp, are quartz, ttidymite, and cristobalite. These farms occur in nature, although 
quartz is aloue abundant. Indeed, F. W. Clarke ^ has shown that, next to the 
felspars, quartz is the most abundant mineral on the earth*8 crust, and constitutes 
about 12 per cent, of the entire lithosphere — v^de the occurrence of silicon. 

The a-forms of quartz, tridymite, and cristobalite occur in nature ; and a study 
of the equilibrium diagram. Fig. 26, shows that the two minerals last named are 
in a metastable condition. When qugrtz, mixed with a flux," is heated over 870°, 
it passes into tridymite, and above 1470°, tridymite passes into cristobalite. The 
transformation of the one form into another is very slow, but the change can be 
hastened by the use of mineralizers and fluxes. Above 1470°, quartz presumably 
passes into tridymite, and then into cristobalite. Since both changes are very slow, 
tridymite may appear under conditions where cristobalite might have been expected, 
and vice versd. On cooling, the cristobalite may pass slowly back to tridymite, and 
tridymite to quartz, but the back reaction is so slow that its speed has not been 
measured, and, at ordinary temp., the speed of the reaction is indefijutely slow. * 
The occurrence of tridymite and cristobalite as natural minerals is evidened of the 
slowness of the transformation, for they seem to be taking an indefinitely long time 
to change to a-quartz. ^ Some of the alleged syntheses of quartz crystals may really 
refer to crystals of tridymite or cristobalite, since no test was applied to distingmsh 
which of the three forms of silicon dioxide was produced ; and in some cases, it is 
even doubtful if the crystals were even those of silicon dioxide. 

For example, F. Wohler, and H. St. C. Deville * described crystals of silica-pewdomorphs 
after silioon — by passing moist chlorine over silicon at a red heat ; E. FrSmy obtained pseudo* 
morphs after silicon duplphide by exposing crystals of silicon disulphide to the action 
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of moist sir or water vapour ; he also made crystals of silica by passing a murture of steam 
and carbon dimlphida over briquettes made from lampblack and silica. A Daubrec 
made cryatals of silica by the action of silicon totraffuoride or tetrachloriddc on water- 
vapour or on beryliia, lirao, magnesia, or alumina at a red heat, R. S. Marsden obtained 
crystalline silica from a soln. m molten silver. F.«W. Schweigger-Seidel, and E. Ripetti 
di^ussod the formation of quartz crystals in geodes in Carrara marble ; T. Bergman 
reported the deposition of crystals of silica from an aq. soln. of hydrofluosilicic acid, aUcwed 
to stand for two years ; and L. Gmelin reported that crystals of silica are d^osited from 
an oq. soln. of silicic acid, allowed to stand exposed to air for eight years. In each case, 
without more evidence, there is an alternative assumption that a rflicate was formed — 
maybe by the action of the silicic acid on the glass containing vessel, « 

Quartz has been formed in nature under the most diverse conditions having 
been produced by both igneous and aq. agencies. It occurs as a primary mineral, 
as a secondary deposition, and as a cementing substance. ^ It is one of the essential 
constituents of granite, syenite, gneiss, and other acidic or siliceous rocks of 
igneous origin. This quartz is often peculiarly rich in liquid or gas inclusions. 
It is jpund in trachytes, porphyries, etft. ; and is the main constituent in quartzite 
ro(;(c8, and sandstones. It permeates all kinds of rocks as an aq. infiltration; it 
is common in vein-stones of many rocks and in mineral veins ; it occurs embedded 
in various limestones a# chert, and flint. It occurs as a foreign mineral in cavities 
in basalt, limestones, marble, etc. It is the chief constituent of various gravels, 
sands. • 

The synthesis of quartz, tiidymite, and cristobalite from molten magma.— 
G. Rose ^ fused (i) adularia with microcosmic salt, (ii) amorphous silica with borax 
and a little sodium carbonate, and (iii) amorphous silica with wollastonite ; and 
in each case obtained tridymite. He also observed that by simple ignition quartz 
is transformed into tridymite. P. Hautefeuille obtained crystals of quartz by 
heating a mixture of amorphous silica and lithium or sodium tungstate (or a vana- 
date) for a long time to a temp, not exceeding 850“^, but if the temp, be between 
850° and lUOO', crystals of tridymite are formed. He also obtained quartz and 
felspar by heating above 7(X)° a mixture of silicic acid, alumina, alkali phosphate, 
and alkali fluoride. P. Hautefeuille and J. Margottet obtained similar results by 
using a mixture of lithium chloride and oxide as an affent mineralistUeur ; 0. Rebuffat 
used phosphoric acid ; F. II. Clows and H. V. Thompson, sodium chloride ; 
A. L. Hay and co-worl^ers, a mixture of potassium chloride with 20 per cent, of 
lithium chloride ; F. Parmentior used sodium molybdate ; and P. D. Quensel, 
tungstic oxide. The last-named said that quartz is formed below 1000° and 
tridymite above that temp. — J. Konigsberger said 1050°, and he also found that 
the presence of boric pxide retards the formation of quartz crystals. N. Parra vano 
and C. R. del Turco studied the effect of ft'rric, phosphoric, boric, calcium, and 
tungstic oxides on the conversion of quartz. S. Meunier obtained tridymite from 
a fused mixture of silica, potassium hydroxide, and aluminium fluoride. K. von 
Cliroustschofl obtained tridymite by fusing rocks rich in silica ; and P. D. Quensel, 
by fusing a mixture of oligoclase, quartz, and tungstic oxide. K. B. Schmutz 
melted together a mixture of granite, sodium chloride, and sodium tungstate and 
found crystals of plagiocluse, augite, and tridymite in the cooled mass. P. Haute- 
feuille and A. Perroy obtained tridymite in their experiments on the synthesis of 
phenadte, and emeralds. K. Bauer obtained tridymite by melting mica-schists 
with silica, or potash mica with sodium or calcium fluoride, sodium chloride 
or sodium tungstate. J. Lenarcic obtained no tridymite by fusing mica-schist or 
gneiss with fluorides, tungstates, or molybdates, but he did obtain crystals of 
quartz. R. Schwarz obtained crystals of tridymite by fusing sodium silicate with 
three times its weight of sodium phosphate for 6 hrs. at 1(XJ0° ; the soluble salts 
were removed by washing with water on a filter. K. Bauer obtained quartz 
from fused diorite; and from a mixture of diorite, orthoclase, albite„ mica, or 
hornblende with sodium chloride, potassium tungstate, sodium phosphate, and 
boric oxide. G. Medanich obtained quartz with glass inclusions by liooling a molten 
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mixture of granite, sodium hydrophosphate, boric acid, and tin chloride. This 
subject was also investigated by K. Petrasch. H. E. Benrath observed quartz 
crystals hi a de vitrified potash-soda-glass, but F. Fouque and A. M. L^vy could 
not confirm this ; and J. Morozewicz obtained under similar conditions crystals of 
tridj^nite. The last-named said that if an aluminous silicate-magma is super- 
saturated with silica, the excess separates out on cooling as tridymite and a pris- 
matic modification of crystalline silica. A liparite magma containing one per 
cent, of tungstic c^fdde furnished a mixture of quartz, sanidine, and biotite. He 
said that the function of the tungstic oxide is to liberate silica at a lower range of 
temp, within which quartz is the stable phase. It will be observed that in the 
experiments’ just cit^, G. Rose, P. Hautefeuille and co-workers, S. Meunier, 

K. von Chroustschoff, K. Bauer, R. Schwarz, K. B. Schmutz, J. Lcnarcic, 

G. Medanich, and A. L. Day synthesized tridymite — vide infra. H. le Chatelier, 
and G. V. Wilson observed crystals of tridymite in the devitrification of a 
lead-glass. • 

synthesis of quartz, tridymite,* and cristobalite from solutians.-;- 

C. Schafhautl ^ synthesized quartz by simply heating a soln. of colloidal silictf in 
an autoclave for 8 days. H. de Senarmont worked in a somewhat similar way at 
2(X)“-300°, but instead of water, he used dil. hydrochloric of carbonic acid. K. von 
Chroustschoff obtained quartz by heating an aq. soln. of colloidal silica to 250^^ 
for several months ; and with a mixed soln. of silica and hydrofluoboric acid ; 
at 180''-228°, he obtained cristobalite ; at 240°-300°, quartz was formed ; and at 
310°-360°, tridymite. G. A. Daubree heated water in a glass tube to about 300°, 
and obtained crystals of quartz and some silicates by the action of the water on the 
glass. He also found that quartz crystals are formed when water from the thermal 
spring at Plombikes is heated ; and F. Fouqu4 and A. Michel-Levy found that 
some chalcedony is formed at the same time. W. Bruhns heated to about 300° 
under press., a mixture of powdered glass and a dil. soln. of ammonium fluoride, 
and obtained quartz ; when a mixture of felspar and hydrofluoric acid was similarly 
treated for 33 hrs., tridymite was formed. J. Kdnigsberger and F. W. J. Muller 
heated glass and water over 300°, and obtained quartz, tridymite, and soda felspar ; 
the filtdted soln. slowly deposited quartz and opal and the undissolved residue 
contained both tridymite and felspar, G. Maschko heated a soln. of sodium silicate 
in a sealed glass tube, and when the temp, was below 180°# he obtained crystals of 
hydrated silica, but above that t(^mp., quartz crystals were formed. C. Friedel 
and E. Sarasin obtained quartz by heating ueaity to redness a mixture of potassium 
hydroxide, gelatinous silica, and alumina for 14-^38 hrs. in a steel lube. At a still 
higher temp., crystals of quartz and tridymite were found side by side. Et Baur 
heated in a steel autoclave at 250°, fol G hrs., a soln. of silicic acid and potassium 
aluminate ; when the proportion of SiOg : KAIO 2 was between 5 : 2 and 5 : 25, 
orthoclase, tridymite and quartz were formed, while with sodium aluminate in 
place of the potassium salt, crystals of albite and quartz were produced, and with 
Si02 : NaA102 as 5 : 25, quartz alone was formed. G. Spezia found that the 
evaporation of an aq. soln. of silicic acid furnishes opal, and if alkalies are present 
quartz is produced ; if opal be heated wij;h a soln. of an alkali silicate, an aggregate 
of quartz crystals is formed. A hot dil. soln. of sodium silicate dissolves some * 
quartz, and the latter is re-deposited at a lower temp. Ho fotlnd tha^ thft soln. 
and re-deposition of quartz is not affected by press., but is sensitive to variations 
of temp. A. L. Day and co-workers obtained fine crystals of quartz by heating 
to 400°-450° a mixtur# of magnesium ammonium chloride, sodium metasilicate, 
and water for 3 da/s in a steel bomb. It will be observed that in the experiments 
just indicated C. Friedel and E. Sarasin. K. von Chroustschoff, W. Bruhns, E. Baur, 
and J. Konigsberger and F. W. J. Mtiller obtained tridymite, and that K. von 
Chroustschoff also obtained cristobalite. 

The mataai conversion of the different forms of silica.— H. Hose « pomted 
out that before l^e discovery of tridymite in nature by G. vom Rath, it h^ been 
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actually prepared by G. Rose -ride supra. H. h Cbateher observed trip 
was formed by the prolonged beating of quartz m a steel furnace. E. MaJhird 
also observed the development of tridymite, in silica bricks made from q win z 
sand mixed with about 2 per cent, ol lime, which had been heated for iS 
months in a steel furnace at Assially. W. SokoM said that in the transforation 
the flux seemed to diasolvo the quartz and reject it as tridymite Sinn^ar chafes 
Have been noted in silica bricks by W. Ssokoloff, P. J. Holmquist, h. Endell,± Scott 
ete C F Kammelsberg noted that the calcination of amorphms sdica changes it 
into tridymite, L. Kbner said that rock-crystel is not changed when heated for 
some days in a porcelain oven (M00”-1600'’), but E. Uramer, K. Endell, H. and 
G Rose etc have noted that under these conditions quartz is changed into tn- 
dyrnite, or a fi)nn with a low sp. gr. fl. Schulze and A. Stelzner noted the formation 
of tridymite in the walls of a zinc retort ; and A. Lacroix in the bricks of a glass 
fur^iace at (!Iichy. A. Schwantke observed tridymite in roofing slates which had 
been struck by lightning. 0. Velain found crystals of tridymite, aiiorthite, and 
wollagtonite in the glass formed by the ashes of wheat and oats during the con- 
flagration of grain mills at Petit-Brie and at Nogentel. E. Mallard also noted that 
JihmiR tridymite had accumulated in a cavity in the masonry of a steel furnace ; 
the fibrous silica observed by L. N. Vauquelin in the bottom of an iron smelting 
furnace was probably tridymite. This form of silica occurs in white silky fibres 
resembling asbestos and has honc(‘ been catled Eiseriamianth—iwsBihly some graphite 
and titanium cyanide and nitride are also present. (J. Schnabel, 0. W. C. Fuchs, 

P. 0. Grignon, and F. C. L. Koch also discussed the occurreiKJO of fibrous silica in the 
masonry of furnaces. According to A, Hawkins, a fibrous quartz resembling 
asbestos occurs in the metamorphic slates at several localities on Rhode Island. 

A. Brun transformed quartz-glass into crystallized quartz by heating it between 
in the vapours of alkali chlorides ; between 8(J0” and 10(X)°, tridymite was 
formed. 0. Johns found that quartz-sand was transformed to tridymite at 1500°, 
and suggested that the inversion temp, was 2(X)° low'er. E. Sommerfeldt, and 
A. Blacki<^ noted the transformation of quartz-glass into tridymite at 12fX)°-1300° ; 
and M. Herschkowitsch noted the formation of crystals of quartz when quartz-glass 
is heated over the gas blowpipq flame. A. L. Day and E. S. Shepherd found 
that quartz and amor])hous 'silica are tmnsfonned into tridymiic at about 1000'’, 
and in the presence of alkali cldorides the transformation occurs at about 800°, 
and in the back-reaction occurs at about 750''. For C. N. Fenner's observations, 


vide infra. t 

Owing to the very small ddlerences in the properties of tridymite and cristo^ 
halite, it is rlioro than likely that many of the alleged transformations of silica and 
quartz into tridymite were really transfornutions into cristobalite. C. N. Fenner 
has shown that tridymite is transformed into cristobalite above 1470’'. P. J. Holm- 
quist, K. Endell, A. Lacroix, A. Scott, etc,, have studied the conversion of quartz 
or tridymite into cristobalite, and also the formation of cristobalite in silica bricks 
in high temp, furnaces. F. K. Wright, E. S. Shepherd, and G. A. Rankin found 
that cristobalite, is formed during the slow cooling of molten quartz glass, and 
C. N. Fenner observed that if a mixture of tridymite and sodium tungstate be 
heated for 10 hrs. at 1475°, a considerable proportion is transformed into cristobalite, 
but bqlow that temp, no cristobalite is formed. 

There &re abrupt changes in the properties of quartz at about 575°, and hence 
quartz below this ten^p. is designated a-quartz and above this temp. jS-QUartz. 
The change is reversible. There are also reversible changes in the properties of 
tridymite at about 117°, and in those of cristobalite at about 270°. H. Steinmetz 
found the transition point of tridymite to be 115°, and the change is attended by 
a 0*6 per cent, expansion. The lower temp, forms are called respectively a-tridymito 
and a-oristobaiite; while the higher temp, forms are called respectively jSi- and 
j32-tndymite and ; 3 -cristol)alite. With jSi-tridymite there is another change at 
about 163°, and above that temp. is formed. The complex series of 
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changes which occur daring the calcination of quartz, tridymite, and cristobalite 
have been elucidated by the work of C. N. Fenner, K. Endell, W. P. White, 
J. A. Cunningham, J. Konigsberger, 



If a-tridymite be heated on a gradually rising tomj)., it changes at about 117" 
into jSi-tridyniite, and at 163°, ^|-tridymite changes into what is called j3^-tridymito, 
which then changes on subsequent heating at 1470" into i3-cristobalite, which melts 
at 1625°. The transition points of a- into and of into jSo-tridymite arc 
shown on the curves, Fig, 26, where the press, are diagrammatic. The j8| to 
dymite transformation is supposed to be analogous with the a- to j3-quartz transfor- 
mation. To suinmarizi', the region of .stability of each form lies between the 
transition points : 

117 ' 103 * 1470 " 1625 * 

a-Truiyiinto ^i-Trulyiiiite jS-j-Tridymito jS-Cristobalito Melt 

• 

According to 41. le Chatelier, cristobalite is the mctastable phase in relation to 
tridymite, so that above 1480°, tridyinite is more stable than cristobalite ; while, 
according to A. Scott, tridymite is the stable phase up to rft least 1550°, since bricks 
containing 97 per cent, of silica are practically all tridymite after being at tills 
» temp, for prolonged periods. C. N. Fenner, however, claimed that in the absence 
of an agent mineralisateur the transformations between tridymite, cristobalite, 
and quartz are remarkably sluggish, and that because tridymite can b(f heated 
in a dry state at temp, exceeding 1480° without transformation is of no importance 
in drawing conclusions as to stability relations, when under proper conditions it 
can be converted into cristobalite ; and he has again emphasized that at temp, 
above 1470° ± 10°, quartz, tridymite, and amorphous silica have repeatedly and 
imequi vocally been converted into cristobalite ; between 1470° ± 10° and 870° ± 10°, 
quartz, cristobalite, and amorphous silica have similarly been converted into 
tridymite ; and below 870° ± 10°, tridymite, cristobalite, and amorphous sifica have 
been converted into quartz. J, B. Ferguson and H. E. Merwin also demonstrated * 
that the stability region for cristobalite lies above that for tridymite. • * 

Similarly, if a-cristobalite be heated, it passes into jS-cristobalite at about 
225°, and this melts |t 1625°. The transition temp. 225'* is not sharply defined,' 
since in the conversion of a- to jS-cristobalite, the observed values ranged between 
274*7° and 276*9° ; and for the reverse transformation, between 240*5° and 198*1°. 
To summarize, the region of stability of each form of cristobalite lies between the 
transition points : 

• 225 " 1626 " 

a-Cristobalite /S-CrutobaJite Melt 
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Tki rektmiship hoiwcen these different forms of silica is illustrated 0 '/^^.. 
matirully in Fig. 26. So far as information is at present available, the more impor. 
taut physical pro}tcrties of the products of these different mutations of ^artz and 
its polymers arc summarized in Table 11. , 

9 

Table II.— Physical Properties of the Different Modifications of Szlicm 


- 

/ Crystal 

1 system. 

/ Specific 
j gravity. 

/ Index of refractioi 
j (sodium light). 

j 

/ Double^ 

/ Tefractioh. 

/ Polarization 
J (sodium light). 

a-Quarlz . . 

j 

Hexagonal 

/ 2 05 

i 

CO, P5362(670°)j 

-i-00091 (20°) 

.21-7° (20°) 

/3-Quariz 

Hexagonal 

2-633 

f, 1‘6328 (670°) 
to, 1-6328(680“) 

+0 0080 (670°) 
+0 076 (690°) 

24 1° (660°) 
2-62° (600°) 

a-'l’ridymite 

Rhombic(?) 

2-28 i 

e, 1-6404 (680°) 
1-4776 

+0-0021 

— 

gi-Trulyimk' . ! 
gj-Tiidymite . 

Hexagonal 

2-30 i 

• 

Feeble 

— 

Hexagonal 

— 

# 

— 

— 

a-Cristahalito . 

Tetragonal 

2-348 

1-486 

-0-00063 (?) 

— 

j9-Cji«to halite . 

Cubic 

2-216 

— 

Feeble ' 

— 

Silica glass . 

Amorphous 

2-21 

1-460 

1 

Nil, 

Nil. 


The form of quartz present in chalcedony shows no signs of the transformation 
at 675®, and, when fused with sodium tungstate, seems to change directly into 
jSo-tridymite at about 870® without showing the 575® transition point. This is 
possibly an etfect of the greater speed at which chalcedony passes into the form with 
a low s}). gr. 0. N. Kenner, however, suggests that the quartz of chalcedony may 
be another modification of silica different from quartz. A. Wietzel concluded from 
his obsiu'vations on tlio sp. ht., etc., that chalcedony is not a distinct form of silica, 
but simply microcrystalline quartz ; he also studied the stability of the different 
forms of silica when associated with quartz-glass. 

J. Moiozewicz ’ nq^ortod a prismatic modification of (piartz to bo formed along with 
tridymit(' when an aluinmous magma supersaturak'd with silica is allowed to cool ; and 

F. FouquA and A. M. L(Svy also said that a prismatk' form of silica is. produced when an 
excess of silica is fused with augrto, enstatito, or hyporsthoiie. 

The different varieties of natural quartz have different speeds of conver- 
sion.s J, W. Midlor and A. J. Campbell found that quartz was transformed much 
more slowly than flint. If denotes the sp. gr. of the material after n firings in a* 
pottery ovim, they found that with flint, iS'{fi-7— ; and with 
quartz', 5'(7'8— U8'0%. J. T. Kobsoa also found that flint and chalcedony 
changed more quickly than sand and quartz rock. The subject was studied by 
A. Griin. 

Analyses ol quartz, tridymite, and cristobalite —J. G, Wallerius » did not 
give an analysis of quartz or Ktesel in his description of this mineral in 1750. In 
1779, T. Bergman gave for the analysis of a specimen of rock-crystal : Silica, 93 per 
cent, ; .alumina, G per cent. ; and calcium oxide, 1 per cent. M. H. Klaproth, 
D. L. G. Karsten, and C. F. Bucholz alsG made analyses of varieties of quartz. 
Good r^k crystal contains 99*5 per cent, of silica. Numerous analyses — F. A. Genth, 
P. Schweitfcer, J. W. Mallet, A. des Oloizeaux, 0. F. Rammelsberg, P. Holland, 
A. Becker, etc.— have ^been made. Analyses of tridymite have been made by 

G. vom Rath,^o N. s. Maskelyne, V. Wartha, A. Koch, C. JVinkler, etc. G. vom 
Rath analyzed cristobalite — vide supra. 

E, Weinschenkii found traces of titanium, iron, and manganese in many 
varieties of quartz ; and manganese was also found in a blue quartz. A. Nabl 
found iron, sulphur, and nitrogen in amethyst. L. Wohler and K. von Kraatz- 
Koschlau found no sulphur. A. Nabl found ferric oxide in citrine quartz. 
C. F. Rammelsberg said amethyst from Brazil contains 0*01 per cent, manganese, 
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pna a clear quartz had 0*02 per cent, ferric oxide, 0*02 per cent, calcium oxide, , 
End 0 04 per cent, soda ; an amethyst had 0 0027 per cent, of carbon. S, Curie 
pnd S. F. Gleditsch found traces of lithium in transparent quartz. N. von Fuchs 
'found 10 to 1*5 per cent, titanic, oxide in rose quartz. A. Forster obtained 0*6 
to Qi6 grm. of ammonium carbonate by distilling 4'5 kgrms. of smoky quartz. 
E.^Wiilfing found no perceptible loss of weight when smoky quartz is decolorized 
at 300 ° — vide the occurrence of coloured quartz. • 

Quartz crystalv may show cavities containing liquid, solid, and gaseous in* 
dusions—wds 1. 11,2, Fig. 3. H. Davy 12 found that the cavities in rock crystal 
contained water with a trace of alkali sulphates, and nitrogen gas. D. Brewster 
found that the fluid enclosure contained crystals of calcium carbonate. F. Salm- 
Horstmar found traces of chlorine in quartz, and he assumed this was derived from 
alkali chlorides present as impurities. H. C. Sorby found cubic crystals contained 
in the liquid in the cavities of some quartz crystals, and he believed these crystals 
were sodium chloride. This was* confirmed by the observations of F. Zirkel, 
H. Rosenbusch, E. Warburg and F. Tegetfiaeier, J. Konigsberger, etc. J. I^onigs- 
berger and W. J. MUller analyzed the inclusion in the cavity of a sample of qujirtz 
from Bachistock (Switzerland) and found : 

H,0 CO, CO", SO", Cl Nif K Ll Ca 

Percent. . . 834 9'6 1'8 ^ 05 1*6 20 07 0*2 0*3 

H. C. Sorby found alkali and calcium sulphates, free acid, and in some cases almost 
pure water. H. Vogelsang found spectroscopically cavities with an aq. soln. of 
carbon dioxide, and also with liquid carbon dioxide— the liquid disappears when 
the temp, is raised above the critical point, 32°. This agrees with the observations 
of D. Brewster, T. Simmler, W. E. Hidden, J. Bosacha, H. Gcisslcr and H. Vogelsang, 
etc. C. W. Hawes found so much carbon dioxide under press, in the cavities in a 
quartz from Brancheville (Conn.), that when broken up with a hammer, some of 
the cavities burst open with a report; A. W. Wright obtained from this same 
quartz a gas with 98 32 per cent, carbon dioxide, and I'fiS per cent, nitrogen along 
with smaller amounts of sulphur dioxide, hydrogen sulphide, volatile hydrocarbons, 
ammonia, and chlorine ; or if referred to the accorapanpng water, 30*48 per cent, 
carbon dioxide, 0*50 ])er cent, nitrogen, and 69*02 per cent, water. From the basis 
of the ratio of liquid to gaseous carbon dioxide in the inclusions, and other known 
data, A. Johnsen, and 0. Miigge endeavoured to calculate the conditions under 
which particular specimens have been formed . The quartz is used as a kind of 
geological thermometer. 0. L. Reese, and G. Tschermak reported that petroleum 
enclosed in the cavities of some crystals from Guntersville (Alabama), and asphaltum 
in crystals from Herkimer Co. (New •York). H. Sjogren found methyl ditAilphide 
or ethvl hydrosulphide in quartz from Salangen. J. G. Bornemann found plant 
remains in the rock crystal from Oberlungwitz and Radowenz in Bohemia. 
G. Tschermak gave the following list of minerals he had observed included in quartz : 

Magnetic pyrites, mispickol, pyrito, argentite, antiraonite, molybdenite, zinc blende, 
anatase, rutile, hseraatite, ilmenite, magnetite, dolomite, calcspar, amphibole, topaz, 
felspar, tourmaline, muscovite, chlorite, epidote, titanite, lauraontite, deamine, and 
pilmite. G. A. Kenngott, and R. J. G. Beaugoy observed anhydrite included in quartz. ^ 

• 
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\<rh, OSi. Bern, 131. 18.58; IJchtrsicfU der Besultale mineralogischer Forschvngen,\\ion, 106, 

1 858 ; Die Mincralc flfer Schuriz, Leipzig. 26, 1 860 ; Neues Jalafb. Mtn., .301 . 1 8.50 ; R. J. G. Beau- 
gey, Bull. Soc. Min., 12. 390, 18H9. 


§ 18 . The Physical Properties of Silicon Dioxide 

• 

The colour of cpiartz has been indicated in connection with the occurrence of 
this mineral. 0. Ruff and P. Schmidt said the vapour at 1900°-2160‘^ is blue. 
The crystalline form of quartz attracted the attention of Pliny, who, in his Uistoria 
mluralis ( 6 . 37, c. 77), said that “ it is not easy to account for the regular hexagonal 
shape and smoothness of the crystals and this the more as the pyramidal terminations 
do not always have the same aijpearanco.” Quartz crystals furnished ISb Steno 
(1669) 2 with material for his work oh the constancy of the angles of crystals 
M. A. Cappeller made a measurement of the angles of the crystals in 1 7 J3. In 
1783, J. B. L. Rome de I’Isle measured the angles of several varictieff of quartz, 
and showed that il n’y a qu'une seule esp^ de (listed de froche ; that les tmeses 
moins regxdikres ou mogins homoghies prennetU les noms de quartz, de grh, d'agate, 
(nillou, jaspe, etc. * and that amethyst is nothing but rock crystal coloured violet 
or purple. Observations were also made by R. J. Hatty, C. 8. Weiss, H. Dauber, 
0, Rose, N. von Kokscharoff, W, Haidinger, J. Bindricb, S. Ichikawa, M. Websky, 
A. des Cloizeaux, G. Sella, F. Hessenburg, F, Lcydolt, V. von Lang, etc. The 
typical quartz crystal is a doubly terminated hexagonal prism (Fig. 27), and it 
appears as if it •were a combination of a hexagonal prism and a bipyramid. Some 
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typical crystals remaiiiing after the dissolution of the calciuni carbonate from some 
Derbyshire limestones are illustrated by the photograph, Fig. 27. Confer Fig. 70, 

1 . 11 , 7 , in some cases the crystal appear as 
the sin^ple bipyramids. Quartz crystals 
belong to the hexagonal system . Acceding 
to A. T. Kupffer, the axial ratios •are 
a : c=l : r09997, and the constants of the 
forms: r {100}, z {221f, m {211}, are mr, 
38“ Sr, and rz, 46° 31'. A. N. Winchell 
found a rock from a mine near the Iron 
River,' Michigan, contained isotropic quartz. 
The quartz gave the standard X-radiogram 
so that the apparent isotropism was at- 
tributed to the extremely fine state of sub- 
division of the mineral. 

*• The trigonal symmetry of quartz is 
illustrated by crystals with three alternate 
faces of the pyramid larger than the remain- 
ing three, showing that the hexagonal 
bi})yramid consists of two rhombohedra ; by 
ciystals which arc terminated by one rhom- 
boh(*dron, and by crystals which occur as 
Fjg. 27.-— Quartz Crystals. simple rhombohedra. Crystals with certain 

faee.M only on alternate corners show that 
the crystals are trigonal tra[)ezohedra. These crystals possess no centre or plane of 
symmetry, and they are euantiomorphous. Fig. 27. The two sets of faces may form 
what are conventionally known as right- and left-handed ipiartz crystals : a crystal of 
the one kind is a mirrorimageof theother. The twokindsareaboutequallynumerous. 
When complementary right- and left-handed faces occur on the same (!rystal, it is not 
a single crystal but an interpenetrant twin. Two right-handed or two left-handed, 
or a right- and left-handed, crystals may be twinned by interj>enctration parallel 
or perpendicular to the prism edge. The twinning of right- and l^jt-handod 'crystals 
frequently occurs in quartz 'crystals from Brazil, and is hence called Brazilian 
twinning ; Fig. 30 is an example ; and the twinning of two right- or two left-handed 
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• 

crystals is called DauphinS twinning—ahuT Dauphine, near Bouig d’Oisano. There 
is also twinning by juxtaposition, forming genicular (Fig. 32), three-rayed, and cruci- 
form (Fig. 33) twins. G. Friedel, and J. Beckenkamp have discussed the twinnipg 
laws of quartz. Mis-shapen and distorted crystals with horizontal striations are 
also found. 0. Miigge showed that while a-quartz crystallizes in the trapezohedral- 
tetartohedral division of the hexagonal system, jS-quartz is also hexagonal but has 
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trapezohedral-hemihedral symmetry. The axial ratios of the two forms are nearly 
identical. The only crystallographic change which occurs during the passage from 
a- to )3-quartz is a molecular rearrangement, so that 
the common digonal axes of the j3-form become polar in 
the (j^-form. 

Quartz which has been formed above 675** can be distin- 
guished from quartz which has never reached that temp. At 
ordinary temp, all qtaartz is a-quartz, but if at any time in Fio. 32. — Fia. 33 — 

Its lustory a particular piece of quartz has passed the inversion Genicular Cruciform 

pomt and been heated above 675“ it bears ever afterwards Twin. fwin, 

marks potentially present which on proper treatment can be 

made to appear just ao an exposed photographic plate can be distinguished at once from 
an unexjxised plate on immersion in a prosier developer, although before devolopmeut both 
plates may be identical in^ppearance. 

F. E. Wright and E. S. Larsen go further and say that (juartz can bo used as a 
geological thermometer, because, If at an^^ time quartz has been licated above 
575°, this fact is recorded in its structure by tlio corrosion figures. Henctt also, 
quartz in any rock must have been formed below 870°, and its peculiarities indicate 
whether it was crystallized below or above 575°. 

During the microscopic examination of some pieces of trachytic porphyry from 
San Cristobal, near Pachuca (Mexico), in 1863, G. vom Rath found some hexagonal 
tabular crystals of eine neue Krystallform *(ler Kieselsaure which frequently exhibited 
compound twinning, and since there were usually three individuals in one com- 
pound form, he named the crystals tridyinite —from triplet. The crystals 

had a sp. gr. varying from 2‘295-2’326 (15°-16°), thus corresponding with opal 
rather than with quartz ; and they furnished on analysis ; 96’1 per cent, of silica ; 
1-9, ferric oxide ; 1'3, alumina ; and 0'66, loss on ignition. G. Rose thou showed 
that if powdered rock crystal or amorphous silica be 
calcined in a porcelain oven, or if adularia or amorphous 
silica be heated with microcosmic salt, tridyinite is 
usually obtained. The crystals, Fig. 31, arc thin hexa- 
gonal plates bounded by the faces c (0001), m (lOjO), 
and the subordiulte faces a (1120), and p (1011). The xndymite. ^ 

crystals may show j uxtaposition twins, or trillings ; or the 

twins may be formed by interpenetration, and they may octiur in fan-shaped groups, 
or spherical aggregates. According to R. Braui^, and E. Mallard, the crystals of silica 
from the Euganean Hills, which A. Lasaulx described as tridyinite, are really quartz 
crystals into which the original tridymite has changed, lie found that crystals of 
tridyinite from Cerro San Cristobal, apd Mont Dore, are pseuchi-liexagonal, Imt they 
belong to the rhombic system and have the axial ratios a:b: c— 05774 : 1 : 0’9405. 
There is a change of tridymite into a hexagonal form near 130°, so that silica can 
exist in two crystalline forms of hexagonal symmetry ; one of the forms is quartz, 
the other tridymite. The axial ratio of pi-tridymite at 130° is a : cy=l : 1 ’65304. 
F. Wallerant regarded tridymite as a monoclinic mineral with rhombic symmetry. 
The crystals have also been studied by A. Merian, G. Boeris, R. Panebianco, 
M. Schuster, J. Beckeukamp, E. Billows, F. Sandberger, and F . Zirkel. . Tridymite ^ 
is found in certain acidic volcanic rocks ; the primitive rocks on the earth’s crust, • 
however, always have their free silica in the form of quartz. N. Si Mllskelyne 
desciibed crystals of a variety of silica which he found in a meteorite from Breiten- 
bach (Bohemia), and which he named asinanite-lrom tbe Indian term a-sman, 
thunderbolt. M.^Scfiultze showed that asmanite and tridymite are the same 
mineral species. E. Mallard showed that lussatiU is a fibrous scaly aggregate of 
crystals with a weaker double-refraction than that of quartz; and F. Slavik 
said that lussatite is probably a fibrous variety of tridymite mixed with a little 

In 1887, G. vom Rath also found as an inclusion in the augite of San Cristobal 
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another form of crystal different from tridymite and quartz; the analysis was: 
Si02, 91'a per cent. ; Fe208 and AlgOg, 6*2 per cent. He named the crystals cristo- 
balite from th(j place where they were found. The external form of the crjrstals can 
be referred to the regular octahedron. According to E. Mallard, cristobalite is a 
distinct species and not a mere variety of tridymite, although the sp. gr. a^e so 
nearly alike. The crystals which are usually imperfect are pseudo-cubic, but they 
itally belong to the tetragonal system ; they are grouped in such a way that the 
bases of six pyramids represent the six faces of a cube. There iaia similar grouping 
in analcime, and E. Mallard added, that, like analcime, cristobalite i»only approxi- 
mately tetragonal and uniaxial, and ought rather to be regarded as rhombic. At 
175'^, he says, cristobalite undergoes a reversible change, all birefraction disappears, 
and the crystals acquire the optical properties proper to their external cubic form. 
Hence, a -cristobalite is regarded as tetragonal, and mimetic cubic ; while jS-cristo- 
baljte is cubic. J. Beckenkamp, 0. Miigge, and P. Gaubert have made observa- 
tions on this subject. c 

The crystalline form of chalcedony hifs not been determined, although C. Hintze ^ 
said that it is vieUeieJU rliomhisch. (.-halcedony and flint are usually said to be cryp- 
tocrystalline. Ghalcedony occurs in mammillary, botryoidal, or stalactitic masses, 
and lining or hlling cavities in rocks. Opal and vitreous silica are amorphous. 
According to F. Savart, quartz docs not admit of cleavage in the ordinary way, but 
if the prism be made red hot and suddenly cooled, the fractures which occur give 
rhombohedral pieces, lienee he infers that the primitive form is the rhombohedron 
like that which would be obtained if th<i crystal were susceptible of cleavage parallel 
to the three nou-adjacent faces of the prism. E. W. Washburn and L. Navias 
conclude from their examination of the X-radiograms of quartz, tridymite, cristo- 
balite, silica glass, raw and calcined hint and chalcedony, that calcined chalcedony 
can be regarded as a kind of silica glass ; while calcined hint may be either cristo- 
balite or tridymite. Raw flint and raw chalcedony contain much quartz in a 
colloidal state. R. Wietzel ^ found chalcedony to be simply microcrystalline quartz. 

lA)rd Kelvin, H. Nakamura, and S. Ichikawa studied the molecular structure 
of (piartz. The X-radiogram of quartz has been investigated by W. H. Bragg. 
He refers the lattice to a set of hexagonal axes, because this f||ive8 the simplest 
explanation of the observed spectra. The value of a is 4‘89x 10”8 cm., and there 
are three mols. of silica, SifL, associated with each point of tlui lattice as structural 
units or crystal mols. The quartz lattice is produced by three 
interpenetrating hexm'^onal lattices. These are so related that they 
CUT! be derived from each other by a rotation of about §7r, and a 
translation of \c along an axis parallel to the direction of c, Fig. 35, 
where a : r~l : MO. Each ht.’xagonal lattice locates the position of 
one-third the triplets. Each trigonal axis of the structure has 
points arranged spirally about it ; and, since a spiral can be either 
Pro 36 (Vllof right-handed, the enantiomorphism of quartz follows. 

Space I.<Rttice R^^kenkamp assumed that the silicon atoms form a rhombohedral 
(W.H. Bragg), lattice instead of a throe-point screw as in W. H. Bragg's structure. 

. J, Bcckenkamp’s lattice of ordinary quartz is in effect a 3-fold 
^triangular prismatic lattice with the trigonal axis vertical. Fig. 36. The solid 
circles represent one layer of silicon atoms, the second circles another layer, and 
the open cirfcles a third layer. The fourth layer is like the first, the fifth like the 
second, etc. The positipns of the oxygen atoms represented by small circles in the 
diagram depend on whether the crystal i.s right- or left-handed. In right-handed 
quartz, the oxygen atoms are situated as in the inset of Fig. 36,“ where the lowest 
layer of atoms is numbered I, the next layer 2, the next 3, . . . The pairs of 
oxygen atoms 1 and 3, 4 and 6, 7 and 9, are associated respectively with the 
silicon atoms 2, 6, and 8. The series of 9 atoms of three Si02-triplets thqs form a 
helix rotating to the right. The spiral structure appears only after the introduction 
of the oxygen atoms, the arrangement of the oxygen atoms is such that the orienta- 
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tion of the valency directions is the same in horizontal or vertical mol. layers, and 
the optical rotation perpendicular to the vertical axis is then explained. S. Kyro- 
poulos, C. Mauguin, L. W. McKeehan, E. W. Wash- 
burn and L. Navias, H. Haga and F. M. Jager, 
and«F. Kinne have discussed the X-radiogram of 
u-ijuartz ; S. Kyropoulos found quartz-glass and 
silicic acid are amorphous. M. L. Huggins, 

L. W. McKeehaiJ^ and R. B. Sosman have sug- 
gested a possible structure for the quartz, mols. 

According to the theory of the electric structure 
of atoms (4. 27, 3 and 4), the silicon atom has a 
nucleus with a positive charge of 14, and sur- 
rounded by 14 non-nuclear electrons ; the oxygen 
atom likewise has a nucleus with a positive charge 
of 8 , and surrounded by 8 non-nuclear electrons. 

Each atom of both elements has an innet ring of 
two electrons, and outside the inner ring there 
is a ring of 6 electrons with the oxygen atom ; 
and with the silicon atom two rings with 
8 electrons in the inner ring and 4 in the external ring. Both silicon and oxygen 
have a tendency to complete; a stable ejfternal ring of 8 electrons. This tendency 
causes the combination of silicon and oxygen to form three 
iuterlociking systems corresponding with the single mol. of silica, 

BiOo, Fig. 37. Three such mols. would form a structural triplet 
unit. The resulting 3-atom mol. is roughly tetrahedral because 
of the grouping of the electrons of the octet in pairs, and the 
three are closely assembled with an atom triplet which is 
approximately trigonal. R. B. Sosman tried to follow in Fio. 37. — Bloc- 
imagination the changes which occur as quartz glass crystal- tronic Stmeturo 
lizes ; and as the different forms of silica pass through their ^ 

different inversion points. It is assumed that the atom-tri]>let 
8 i ()2 lhaintains ^ts individuality in all forms of quartz and sili(;ate 8 (q.v.). The 
union of these triplets furnishes a silica-thread : * 

0-0 0-0 • 

V V 

, . . -*Si“*Si-Si-Si- . . 

A A 

0-0 0-0 

• 

These threads are supposed to form in the liquid state or even in the vaporous 
state. In the liquid they are in a constant state of vibration and movement, 
with the oxygen atoms in haphazard orientation relative to the thread. On this 
view, solid silica glass is analogous to a compressed pad of wires. The thread 
structure is believed to persist in the crystalline state, and the three principal 
crystalline modifications (cristobalite, tridymite, and quartz) are built up^by com- 
bining the threads through the oxygen atoms. The high to low inversions (a-fi) 
in all three forms are considered to be due to a change in the state of motion of* 
certain electron orbits resulting from increased thermal vibration o4 the atoms. 
These changes produce sudden alterations in the shape of the silica triplet and 
the relative positioni of the two oxygen atoms. In cristobalite, the oxygen 
atoms of the siKca threads are incompletely fixed, some of the threads being 
capable of rotation about the silica axis. This explains the variable inversion 
point of this form of silica. F. Rinne, and J. Beckenkamp have made sugges- 
tions about the structure of j3-quartz ; and J. Beckenkamp, about the structures 
of tridyinite and cristobalite. 

The natural and artificial etching of quartz crystals brings out the peculiarities 




Fig. 36.- Rhombohedral Lattice 
of Silicon Atoms in Ordinary 
Quartz ; and, in inset, /trran^c- 
mentaof Atomsin Right-handed 
Quartz. 
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of twinning, and the enantiomorphism of the crystals. The C^OSion of 

left-handed quartz are complete mirror images of those of right-handed quartz, 
as illustrated by Fig. 40. The etching of quartz with hydrofluorui acd has been 
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FiO. 38. — AiTHng(i- 
montH of Atorn.s 
in RiKlit-handod 
Qi'artz Crystal. 


Fig. 39. — Arrange- 
ments of Atoms 
in the Brazilian 
'J’ w i n n i n g of 
Quartz. 
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Fig, 40. — Corrosion Figures of 
« Quartz with Hydrofluoric Acid, 


studied by F. Leydolt,^^* G. A. F. Molcngraaff, J. Beckenkamp, A. Stelzner, 

F. Gonnard, S. Ichikawa, 0. Meyer and S. L. Penfleld, A. Burner, A. C, Gill, F. Salm- 
Horstrnar, etc. ; witli a soln. of potassiurit or sodium carbonate, by G. A. F. Molen- 
graalf ; witli a soln. of potassium hydroxide, by 0. Miigge, H. Baurnhauer, and 
J. Beckenkamp ; with a soln. of sodium silicate or sodium borate, by G. Spezia ; 
with a soln. of borax under pre.s8., by G. Lincio ; and with water under press., by 

G. Spezia. C. Friedel also examined the corrosion figures produced on jS-quartz 
by fused potassium hydrosulphate at 000'^. K. Jimbo, and S. Ichikawa discussed 
the natural etching of quartz. 

In the Arabian The Book of the Best Things for the Knowledge of Mineral Sub- 
stances, by Abu-r-Haihan,7 written towards the end of the tenth century, the 
specific gravity of rock crystal is stated to be 2’50 ; and another Arabian writer, 
Al-Khazini, in his Book of the Balance of Wisdom, written in the twelfth century, 
gave 2 8b for the sp. gr. of what is thought to be rock crystal. R. Boyle,® id 1690, 
gave 2*650, and D. G. Faltrenheit, in. 1726, gave 2*669. A. lo Royer and 
J. B. A. Dumas gave 2 652 at 4° in vacuo; C. J. St. C. Dovillc, 2*656; W. H. Miller, 
2*65259 at 18° ; F. G. Scliaffgotsch, 2*653 at 13° (mean of 5) ; T. Scheerer, 2*653 ; 
A. Liversidge, 2*683 at 20° ; A. L. Da^ aud E. S. Shepherd, 2*650 at 25° ; L. Aiders, 
2*6507 -2-6528 at 0°/4° ; J. Joly, 2*649-2*652 at about 1474° ; R. Weber, 2*638 ; 
A. S. Herschel and co-workers, 2*54 ; A. Bartoli, 2*63 ; and F. C. Neumann, 2*61. 
F. S. bfeudant gave 2*6354 and 2*6541 for thV; extremes of eleven determinations. 
L. Alders measured the sp. gr. of quartz. H. C. Dibbits gave : 


0“ fi" 10“ 15“ 20“ 25“ 80" 60“ 100" 

Sp. gr. ■ . 2*6607 2 0602 2 6498 2-6493 2-6488 2-6484 2 6479 2-6460 2-6409 

A. Breithaupt gave for amethyst, 2'659-2'744 ; for smoky quartz, 2*651-2*658 ; 
for rose quartz, 2*651 -2’658; and for milky quartz, 2-618. A. Forster said that 
the sp. gr. of a sample of smoky quartz was 2*6503 at 0°, and after dccolorization 
'by beat, 2*6502. The Earl of Berkeleys values ranged from 2*6484-2*6487 for 
temp, betw^n 21*24° and 21*95°. A. W. Warrington gave 2*650457 + 0*000013 
at 0° ; and the vol, v, at 6°, is v— Vo(l-f 0*04336690 -f 0*07312702), when Vq is the 
vol. at 0°. For the sp. 'gr. of tridymite, G. vora Rath gavq 2*295-2*326 between 
15° and 16°; 2*282 at 18*5° ; 2*247forasnianite; aud 2* 166 for a sample of tridymite 
from Csik-Sz-Domokos in Hargitta Gebirge. A. Baltzer gave 2*208 for a sample 
from Lipari ; and A. Weisbach, 2*274-2*278 for a sample from the Rittersgiiin 
meteorite. A. Koch gave 2*43 for the sp. gr. of tridymite. G. Rose gave for 
artificial tridymite 2*31 1-2*373; P. Hautefeuille, 2*30 at 16°; and A. L. Day, 
2*328“2*326. H. Steinmetz said that when a-tridymite changes to jSi-tridymito 
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at 115°, its vol. expands 0*6 per cent. According to E. Mallard, the sp. gr. of cristo- 
halite is 2'34, a little higher than the value for tridymite ; P. Gaubert gave 2*348 ; 
and G. Vom Rath, 2*27. The mean sp. gr. of eleven samples of artificial calcined 
silica was found by F. G. Schaffgotsch to be 2*20 at 12*5°, and F. Ulbk gave 2*323. 
E. jy. Washburn and L. Navias gave for the sp. gr. at 25°/25° of raw chalcedony, 
2*i5-2*61 ; raw flint, 2*61-2*63 ; quartz, 2*65; calcined chalcedony, 2*175; cal- 
cined flint, 2*25 cristobalite, 2*33 ; tridymite, 2*27 ; and silica-glass, 2*194-2*218. 
C. J. St. C. Devilli found that the sp. gr. of crystalline silica, 2*656, fell to 2*22 after 
fusion. W. A. Shenstone gave 2*21 for the sp. gr. of vitreous silica or quartz 
glass ; A. L. Day and E. S. Shepherd gave 2*213 *, and F. A. Schulze, 2*22. 
C. Doelter gave for the best representative values : 

Quartz Tridymite Criatoballte Opal Quartz glass 

Sp. gr. . . . 2-65 2-31 2 30 2 20 2*20 

J. Johnston and L. H. Adams measured the sp. gr. of quartz and concluded 
that when homogeneous material*free frqm cracks and cavities is powdered, the 
change of density thereby produced is but little greater than the error of the method 
of measurement. E. W. Washburn and L. Navias found the sp. gr. of calcined 
chalcedony to be raised about 2 per cent, when the material is very finely powdered. 
They attribute this to the opening up of pores previously ^lealed from access by the 
liquid by which the sp. gr. was determined. It is, however, also probable that the 
increase is due to contamination from the vessels in which the material was ground. 
Similar remarks, but in the converse direction, apply to the reduction in the sp. gr. of 
quartz ground in an agate mortar observed by P. C. Ray. The hardness of quartz,® 
tridymite, and cristobalite is 7*0 (the diamond, 10) ; chalcedony is a little softer. 
According to F. Auerbach, the hardness of quartz on a face, parallel to the c-axis, is 
in absolute numbers, 308 kgrms. per sq. mm. (2. 20, 7), and if vertical to that axis, 
230 (diamond, 2500). H. Rose said that the hardness of quartz glass is fully tjqual 
to that of rock crystal; and, according to W. A. Shenstone, the hardness lies between 
that of felspar and chalcedony. According to M. Hcrschkowitsch, quartz glass 
has a hardness of 233 kgrms. per sq. mm. (diamond, 2500). R. Franz gave for the 
relative hardness (corundum 1000), 667 ; F. Auerbach, 268 ; A. Rosival, 176 ; 
T. A. Jaggar, 4(^ ; and F. Pfaff, 390. The subject, was discussed by A. Reis and 
L. Zimmermann, C. Johns and 0. H. Desch showed that silica glass is harder 
than crystalline quartz. P. J. Holmquist investigated the abrasive hardness with 
carborundum of different grain-size. He also found that with the (0001)*face as 
standard for the abrasive hardness, 1000, tliat for the (lOiO)-face was 9(j0 ; and 
for the (lOfl)-faco, 840, C. E. Guye and A. Morein studied the viscosity of quartz 
threads, • 

The elasticity of quartz with respect to sound-figures was studied by F. Savart.^® 
He cut circular plates parallel or perpendicular to the principal axis, and also planes 
parallel to cleavage faces ; he found that the elasticity of all the diameters of any 
plane perpendicular to the principal axis is sensibly the same ; planes parallel 
to the axis are not the same, but if three planes be taken which form equal angles 
with each other, the elasticity is the same. According to W. Voigt, the^ modulus 
of elasticity of quartz is 13,050 kgrms. per sq. mm. at —45° ; 10,304 at 0° ; 8405^ 
at 45° ; and 7853 at 90°. F. Auerbach gave 10,300 at 0°. At ordinary temp.,* 
C. E. Guye and V. Fredericksz found the elastic modulus decreases with a fall of 
temp. ; with metals, the reverse usually obtains. On the other hand, A. Perrier and 
B. de Mandrot fCunjJ that the elasticity of quartz decreases as the tenip. rises to 
575® ; beyond that, the elasticity at first increases very greatly for small increments 
of temp., and then gradually diminishes. They gave iu kilograms per sq. mm., 
parallel to the optic axis, 10,480 at 18° ; 6960 at 572° ; 6510 at 574° ; 6320 at 574*5® ; 
6020 at 575° ; 6680 at 576° ; 9060 at 577*5° ; and 9910 at 1078° ; in a direction 
perpendicular to the optic axis, 8010 at 18° ; ^70 at 573° ; 3210 at 574° ; 9030 at 
576° ; 10,53aat 585° ; and 12,190 at 1140°. A. Blackie found that the samples 
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of commercial quartz glass had a tensile strength varying from 281 to 902 kgrms. 
per sq. cm., and in all cases after heating for definite periods to temp, between 
1124° and 1353°, the strength fell considerably owing to devitrificatioil by the 
growth of tridymite. W. Voigt gave for the tsusilG strongth parallel to the chief 
axis, 16‘3 kgrms. per sq. mm., and vertical to that axis, 12*6 krgms. per sq moa. ; 
and for the crushing strength, 182 kgrms. per sq. mm., and 160 kgrms. per sq. mfn. 
vertical to that axis. K. Rinne gave 153*64 kgrms. per sq. mm. G. Berndt gave 
25,000 kgrms. per sq. cm. for the crushing strength of quartz parallel to the optic 
axis, and 22,800 kgrms, per s(]. cm. perpendicular thereto. F. Stumpf measured 
the elastic constants of quartz glass ; and S. N. Petrenko, the behaviour of quartz 
glass under compressive te.sts. F. A. Schulze found the elasticity of quartz glass 
to be le.ss than that of quartz. A. A. Grifiith found the tensile strength of ^esh 
fibres of fused quartz diminishes in a few hours to its normal value. This is explained 
by the formation of ulfra-micro.scopic cracks. A. Mallock obtained for the elastic 
modulus of quartz in the direction of the axis «'^*46xl0ii dynes per sq. cm. ; for 
smoky quartz, 1*207 x 1(P“ , and for agtfte, 6*381 X lO^V W. Voigt also found for 
the cooh. of torsion of ({iiartz 8405 kgrms. per sq. cm. and 5085 kgrms. per sq. mm. 
for the torsion modulus at 0°, and 3481 at 90° ; F. Auerbach gave 6900. F. Auer- 
bach, and F. A. Schulzi^gave 6970 kgrms. per sq. mm. for the (dasticity of quartz 
glass when the value for (juurtz crystals is 10,620 kgrms. per sq. mm. when parallel 
to the princijial axis, and 8566 when verticAl thereto. F. Horton found the torsion 
modulus of quartz-glass at 15° is 3*001 x dyne.s per s(p cm., and at 1060°, almost 
zero. F. A. Hchulz(! gave 6238 kgrms. per s<p mm. for the clastic modulms ; R. Threl- 
fall, 5180 ; and C. V. iloys, ()()()( ). A. Pazziani and (I K Guye studied the torsion 
modulus of quartz-gla.s.s fibres, and the effects of annealing. According to R.Threl- 
fall, and C. V. Boys, the rigidity of quartz-glass fibres at 22° is 2*8815x1011 
dynes per sq. cm. ; Young’s modulus, 5*1785x10^1 dynes per sq. cm. ; the bulk 
modulus, 1*435x1011 dynes per s([. cm. ; and the limit allowable twist is approxi- 
mately one-third of a turn per (.m. in a fibre 0*01 cm. diam. W. Voigt found the 
compressibility coelf. of quartz to be j8- 2*65xl0~® about one-twentieth of the 
value for water; for quartz glass, the value is l‘925xlO"‘^. A cm. cube could 
support a weight of 182 kgrms. jier sq. mm. parallel to the axis, and 160 kgrms. 
vertical to the axis, without frefeture. E. Madelung and K. Fuchs gave 2*66 x 10“® 
(p~-125 atm.) ; and L. H. Adams, fi. D. Williamson, and J. Johnston gave 
2*31x10“^ to 2*7x10"^ between 0 and 10, (W mogabars. A. Sehidlolf and 
M. A. Klotz found 1 *925 X 10“® for thcicompressibility of quartz glass ; E. Madelung 
and R. Fuchs gave 2*69 x 10“^ (p=125 atm.) ; and L. H. Adams, E. I). Williamson, 
and J. Johnston, 3*1 X 10*"^ from p~0 to jj--i(),000 megabars. S. Ichikawa studied 
the lustre and brittleness of quartz, * 

According to II. Fizeau,^i the coefficient o! thermal expansion of quartz for the 
temp., d, is (77l*l-fl*7120)lO~8 if measured vertical to the c-axis, and (1316*2 
4-2*5260) 10~8, if measured parallel to the c-axis. H. Kopp gave 0*000039- 
0*000042 for the coefi. of cubical expansion of quartz. R. Benoit gave for the 
coelf. of linear expansion parallel to the chief axis, 0*05748, or, at 0°, aX 10®=7110*7 
-f 17*120; H. Fizeau gave O O578I at 40° ; K. Scheel, 0*05747 ; and 0. Weigel, 
J)'Og737 ; and perpendicular to the chief axis, H. Fizeau gave 0*041419 at 40° ; 
*R. Benoit, O O4O37I at 20°, or, at 0°, a xl0»--13162*74- 25*260. For the length, 
I, of quartz &t 0° between room temp, and 1(X)°, when the, length at 0° is ^o. R- Scheel 
gave f=/o(l 4-7* 144x10^0 -10*00815x10-60-); H. Fizeau, /=/o(l 4-7*10x10-6^ 
4-0*00886x10-6^2); II Benoit, 7161 XlO-60-|-O*or)8Olx 10-602) ; and 

E. Reimerdes, f~/o{l 4-6*925 xlO-60-fO*OO819x 10-602) ; h. McA’. Randall repre- 
sented the coeff. of expansion by a x 10® -^7 17*04-1 '6200 up to 250°, and by a X 10® 
=1126*O4-1-65(0-25O)4-O OO566(0- 250)24-0*0000134(0 - 250)3, between 260° and 
470°. A. Muller gave for quartz parallel to the chief axis, 106(/— fo)/4)v 7*0670 
-fO*OO836202 between 0° and 360°; 36284-13*00(0- 360)4-0*01852(0-360)2 
4-0*046721(0-360)3 ; and from 500°-640°, 58934-23*07(0-500) 4-0* >031(0-500)2. 
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H. le Chatelier has measured this constant over a range extending from 270‘'-1060'’, 
and has shown, in his memoir, De Vaction de la chdeur sur le quartz, that with 
quartz there is an abrupt change between 480^" and 570°, corresponding with a 
change in the index of refraction.. The thermal expansion of quartz in mm. per 
in passing from 270°-1060°, and starting from zero at 0 °, is : 


Parallel to c-axis 
Vertical to c-axisi 
Mean expanaion 


270“ 

0-20 

0-42 


480“ 

0- 65 
0-86 

1- 76 


570“ 

093 

1-45 

1-28 


660* 

0- 99 

1- 69 
1-39 


750“ 

0- 95 
1‘59 

1- 40 


910“ 
087 
1-57 
1 34 


lOflO* 

0- 89 
166 

1- 33 


If I represents the expansion in unit length then at 0° below 570°, the expansion 
of quartz perpendicular to the principal axis is ixl05,^l-35^ f 0 000921^- ; and 
parallel to the principal axis, ^xl05=:0-711^-f()-(XX)856d-. H. Benoit gave for 
tlie former case /xl0®=l‘316^-f()‘{X)126^-, and for the latter case, both observers 
()])tained the same result. At 570°, there is an abrupt reversible change of wol. 
such that unit length becomes lt)116 perpendicular to the principal axis, and 
I MS parallel to that axis. Above 570°, there is a contraction such that perpen- 
dicular to the chief axis i :=0‘0162-— O-O(XX)(X)9(0— 570), and parallel to that 
axis, /=0 0102— O'OOOOO37(0— 570). P. Braesco, A. Muller, and R. Blackiemadc 
observations on the thermal expansion of quart z, etc. P. ^Iraesco found that preci- 
pitated silica, when dehydrated by heating only to ()(K)°, lieliaves like silica glass in 
liaving only a small coeff. of thermal 
expansion, and therefore behaves 
like amorphous silica ; but when ^ 
luiatcd to 1000”~1600° it behaves 
just like cristobalite. H. le Phate- 
lier’s results for quartz, tridymite, 
amor])h()us silica, and calcined 
chalcedony are plotted in Fig. -11, 
with tern]), as absciss®, and the 
percentage expansions as ordinates. 

The ajjrupt change in the vol. of 
(piartz when it is heated to 575° 
corresponds with the transition of 
a-quartz into ^-quartz as indicated 
above. R. Sahmen and G. Tara- 
mann gave 500°-550° for the transi- 
tion temp., and G. Stein, 552°. 

0. Miigge made observations on this subject. Below the .transition temp., the 
vol. increases with a rise of temp. ; aliove that temp, the vol. d^reascs i^ith rise of 
temp. There are other transition points not shown on this diagram because the 
speed of the change is so slow, and their existence has been demonstrated by 
other methods. When a large piece of rock crystal is heated to a liigh temp, it 
breaks into small pieces, unless the temp, rises very slowly past 575°, because 
not only does the unequal expansion in different directions set up strains, but 
because of the abrupt increase in the expansion coclf. at about 575°. The expan- 
sion of tridymite in mm. per 100 mm. is : • 

15" 95“ 130“ 170“ 246“ 480“ 700“ 90<i“ !050“ 

Rsepansion. . 0 0'16 0‘22 0’42 0’63 0‘95 0‘08 0’07 0‘06 



600 "^ 
T»nper<iture 


1 , 000 ° 


Fia. 41.-p-Exi>an8ion of Different Forma of Silica 
with Rise of Tomperaturo. 


The abrupt change, about 130°, according to H. le Chatelier, or between 115° and 
120°, according tO C. N. Fenner, corresponds with a change from the form, called 
a-tridymite, to the other form, called jS^-tridymitc, which has optically different 
properties. According to C. N. Fenner, at about 162°, there is another trans- 
formation of the j 8 i-tridymite into a third form of tridymite, called j 82 -tridymite. 
H. le Cliatelier measured the expansion of quartz which had been calcined in a steel 
furnace, at 15W°-1600°, when the sp. gr. had fallen to 2 2 , and there were no signs 
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of crystallization in the product ; hence he called it la silice amorphe. He foun ) 
for the expansion in ram. per 100 mm. ; 

16* 270“ 570* 660" 990" 

Expansion ... 0 0"20 • 035 0‘41 0*45 

The results are plotted in Fig. 41. For calcined chalcedony, he also found * y 

• 15" 05" 170" 245" 360* ' 660" 1060* 

Expansion . .0 0‘06 0'20 1*23 1*29 ^ 1*40 1*63 

There is therefore an abrupt change between 170° and 245°, as illustrated by Fig. 41. 
Measurements with a dilatometer gave 210° for the transition temp. E. W. Wash- 
bum and L. Navias found for the cubical expansion, in c.c. per gram per degree, 
of quartz 0*25 xlO"^ near 575° ; — 0*049 xl0“4 near 570° ; calcined chalcedony, 
1*4x10“'^ near 220°; calcined flint, 1*4±10~‘^ near 227°; cristobalite, 1*5±10~4 
new 244° ; and tridymite, 0*15 ± 10'^'^ near 117°. B. Bogitch made some measure- 
ments on the expansion of silica at temp, up to 1000°. 

The coeff. of thermal expansion of qilartz-glass is very small. H. le Chatelier ^2 
gave 0 0gG7 ; and L. Holborn and F. Honnig gave 0*00000054 between 0° and 1000°, 
Fig. 41. F. Hennig found a porcelain rod, one metre long, expanded 4*271 mm. 
when heated from 16° torl000°, whereas a quartz-glass rod, under similar conditions, 
expanded 0*531 mm. K. Scheel found that vitreous quartz between — 190° and —46° 
contracts, not expands, and that the contraction is not overtaken at 16°. He 
found that two-metre rods, from two commercial ‘samples of quartz-glass, when 
heated from ~~]90°-16° were less than a metre long, for they appeared to have 
co/tlr<ic/f(l 0'041 mm. and0*015mm. respectively, and when heated from 0°-100°,they 
expanded respectively 0*047 mm, and 0*050 mm. K. Scheel represents the length 
of a quartz-glass rod at a temp. ^° between 0° and 100° by /qI 1+0*0000003220 
-f-O*OOO(JO()OO1470'2), where Iq represents the length of the rod at 0°. P. Chappius 
gave i==--/o(l+O*()03847410-|-O*O8l 1500*2). s. Valentiner and J. Wallot obtained a 
minimum vol. with silica-glass at —75*4°. G. E. Merritt also found a contraction 
with rise of temp, from — 2(K)° to —70°, and above that an expansion. The following 
coeff. of thermal expansion show the relation of vitreous quartz to crystalline 
quartz, to porcelain, and to glass : 


Quartz 

Parallel c-axls Vertical c-axls 

Quartz 

Rlaes 

Ordinary 

glaae 

.Tona zinc 
borate 
glaea 

White 

Tliringen 

Klass 

Berlin 

porce- 

lain 

OOjTSl 00*1419 

00*69 

00*883 

00*336 

00*938 

0*0*314 


According to 0. W. C. Kaye,i3 the maximum density of quartz glass lies near 
—84° ; the sp. gr., at ordinary temp., is near 2*22. When a glass vessel has been 
heated it does not at once contract to quite its original volume on cooling back to 
its former 'temp., but it suffers a slow contraction— qf/cr co7itraction, or Nachwirkung. 
This phenomenon is shown by the dLsplacement or depression of the zero after a 
glass thermometer has been heated, and its gradual restoration after standing some 
months ; and also by the gradual ch'vation of the zero of thermometers whose 
scale has been fixed before the glass has had time to season. According to A. Kuhn, 
quartz- glass does not show this phenomenon. 

H. de S^narmont measured the isothermal ellipsoids in quartz and, expressing 
the resqlts in mm., found : 


c 

Major axis 

. 9*76 

10*00 

11*60 

12*60 

13*76 

16*00 

18*00 

Minor axis 

. 7-60. 

7 60 

8*60 

9-76 

10*00 

12 00 

14*00 

Katio 

. 1*30 

133 

1*36 

1*28 

1*38 

1*28 

1-29 


Measurements were also made by E. Jannettaz, and W. C. Rdhtgen ; the latter 
showed that the larger the ellipsoidal figure the smaller the ratio of the two axes. 
D. Forbes' measurements of the thenual conductivity were not satisfactory; 
R. Weber found 0*0158 cal. per cm. per sec. per degree at 0°, and a temp, coeff. of 
—0*0019. The heat conductivity of quartz is greatest along the chief axis. 
A. Tuschschmidt’s values are 0*0263 unit parallel to the axis, and 0*0160 unit 
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vertical to that axis at 17“^, C. H. Lees obtained 0’030 and 0*016 respectively ; 
E, Griffiths and G. W. C. Kaye, 0*0244 and 0*0147 respectively ; and 0. S. Buckner, 
0 00099 fbr silica bricks. A. S. Herschel and co-workers obtained 0*0024 unit for 
the thermal conductivity of flint, and R. S. Hutton and J. R. Beard, 0*00060 for 
quaitz (Calais) sand. Observations wore made by M. Smoluchowsky, A. Eucken, 
anh V. von Lang. According to A. Eucken, quartz-glass at 0° has 7*5 times less 
conductivity thaA the crystals, and at -190^^, 55 times less. R. S. Hutton and 
J. R. Beard obtained 0*00051 for the conductivity of fused quartz. P, Gilard 
summarized the literature on the thermal conductivity of silica bricks — vide clays. 
Observations on this subject were made by E. Griffiths, A. T. Green, W. Nusselt, 
S M. Marshall, E. Heyn and co-workers, P. Goerens and J. W. Gilles, B. Dudley, 
Y. Tadokoro, S. Wologdine, G. Dougall and co-workers, R. A. Horning, and 

G. H. Brown. 

F. E. Neumann gave 0*18ft3 for the specific heat of quartz between 14° §nd 
100°; H. V. Regnault, 0*19132 between 13° and 99°; H. Kopp. 0*180-0*190 
between 20° and 50°; J. Joly, 0-1881 bc'tween 12° and 100°; A. Herschel and 
co-workers, 0*18 for quartz, and for various sandstones, 018-0-28 ; J. Pionchon, 
0 - 1737 -f 0*0003940-0-072703 below 400°, and 0*305 between 400° and 1200°; 
R. Ulrich. 0-1909 between 14° and 98° ; R. Weber, O-17r^-f-O-OOO40 ; K. Schulz, 
0-1875 for Mamorian quartz between 20° and 100°, and 0*1871 for Brazilian quartz 
between 20° and 100° ; 0*2086 between* 20° and 250° ; and 0*2253 between 20° 
and 410°. A. Bartoli gave 0*191 between 23° and 100°; 0*241 between 28° and 
312° ; 0*308 between 29° and 417° ; and 0*316 between 30° and 530° ; and 

H. Stierlin, 0*2030 between 20° and 138°, and 0*2472 between 20° and 609°. 
A. Magnus, K. Bornemann and 0. Hengstenberg, and A. Dannhoim made observa- 
tions on ^he sp. ht. of quartz and amorphous silica. W. P. White found for the 
atomic heat (i.e. sp. ht. X mol. wt. divided by the number of atoms in molecule) 
between 0° and 

100“ 300* 500* 700* 000* 1100* 1300* 1400* 

Quartz . . . 3-765 4*359 4*784 6 112 6-217 6 308 — — 

Quartz glass . . 3*708 4*272 4*627 4 870 5 049 — — 

Cristob^lite 3*784 4*689 4*876 6*042 6*163 6*276 5*361 6*388 

I’he sp. ht. between 0° and 5(X)° for quartz* is represented by 0*1685 
4-0*0001940-0*061102, and for quartz glass, O*1G7O4O*(X)O1890 -0*0612502. For 
the at. ht, (sp. ht. X 20*1) at the given temp., W. P. White ^ave : 



0* 

100* 

300* 

60»* 

700* 

900* 1100* 

1300’ 

Quartz . 

3*37 

410 

5*10 

6 90 

6*46 

5*66 — 

— 

Quartz glass . 

3*33 

4*06 

4 95 

6*36 

6*68 

5*75 


Cnatobaiite 

— 

— 

• 

— 

6*66 

6.07 6*77 

. 6*86 

I. litaka found 

for the sp. 

ht. of silica-glass 






135* 

ISO* 

384* 

400* 

493* 

573’ 

768* 

Sp. ht. . 

. 0197 

0*199 

0*220 

0*224 0*230 0*247 

0*268 


R. Wietzel measured the mean sp. ht. between 0° and 0° ; and his data are indicated 
in Table III. At high and low temp., quartz glass has the greatest sp. ht., as it 
should have, being the modification stable at the higher temp., but over a wide 
range it has a lower sp. ht. than quartz and cristobalite, and below 575°, cristobalite . 
has a lower sp. ht. than quartz. The sp. ht. of quartz before the transformation 
at 575° was 0*2480°, and after the transformation, 0*2527. The at. It. are indi- 
cated in Fig. 42. F. Simon gave for the mol. ht. of quartz glass at 18*9° K. 
0*107, and at 287*6° K., 3*454 ; for cristobalite at 28*6° K., 0*208, and at 116*6° K„ 
1’560; and A. terrier and H. Roux, 0*307-0*312 between 428*46° and 510*07°; 
0*321-^*337 between 510*07° and 571*00°; and 0’289-O‘293 between 581*13° and 
661*90°. For the difference in the at. ht. at constant press, and constant] vol. 
calculate from the expansion, W. P. White gave for quartz : 

100 * 800 * 600 * 660 
(Cp-C«)^201 . . 0*0463 0*1313 0*862 3*832 
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Table III— Mean SpEcmo Seats of Silica 
(in gram-c&ls, between 0° and 0°), 



Quartz glm, 

“ 

Criitobalite. 

Quartz. 

Chalcedony, 

100“ 

0-1860 

0-1896 

0-1860 

• 

0-1966 ^ 

200“ 

0-2006 

0-2126 

0-2031 t 

0-2115 

226“ 

— 

0-2196 

— . 

— 

260“ 

0-2068 

0-2268 

0-2111 

0-2170 

400“ 

0-2229 

0-2417 

0-2288 

“ 0-2326 

666° 

— 

— 

0-2470 

— 

676° 

0-2366 

0-2607 

0-2480 

0-2610 

000“ i 

0-2386 

: 0-2521 

0-2630 

0-2523 

800° I 

0-2606 

1 0*2601 

; 0-2686 

0-2690 

1000° 1 

0-2684 

1 0-2666 

0-2630 

0-2633 

1200° 1 

0-2621 

; 0-2702 

• 0-2661 

0-2696 

1400° ! 

0-2691 

' 0*2737 , 

0-2690 

__ 

1600* i 

0-2777 

0*2763 

0-2710 


1700“ ! 

02810 

0-2770 

0-2720 

— 


H. Wietzel calculated the free energy of the different phases of silica. The sp. ht. 
of chalcedony increases more with rise of temp, than does quartz. P. Laschtschenko 
found the sp. ht. of quartz, at the given Ifemp., to be : 


200 “ 300 “ 405 “ 550 “ 000 “ 700 “ 800 “ 892 “ 

Sp. ht. . . 0-2250 0-2266 0-2306 0-2360 0-2400 0-2479 0-2471 0-2476 

and that of chalcedony at 139° to be 0-1930; at 203°, 0-1961 ; at 227°, 0*2039 ; 



Fig. 42.— The Atomic Heats of Quartz, 
Cristobalite, and Quartz Glass 


at 330°, 0-2500 ; at 405°, 0-2520 ; at 
500°, 0-2515; and at 580°, 0*2500. 
There is thus an abrupt change between 
227° and 230° with chalcedony; and 
with quartz one between 580° and 600°. 
K. Schulz gave 0-2054 for the sp. ht. 
of quartz-glass from Brazilian quartz 
between 20° and 100° ; 0-2054 between 
20° and 250° ; and 0-2204 between 20° 
and 410°. F. Koref gave 0-0882 for 
the sp. ht. of quartz-glass between 
-193-1° and -79*2°, and 0*1471 
between — 76'3° and 0° ; W. Nernst 
gave for the mol. ht. of quartz glass 
0 637 at -246-75° ; 0*644 at -243*6° ; 
0-844 at -237-8° ; 1*33 at -230*4° ; 
and 3*14 at —189°; H. Stierlin, for 
quartz-glass between 18" to 27° and 6° : 


9 .. ir 90“ 218“ 314“ 4ir 612“ 704“ 900“ 

Sp. ht. r . 0-16283 0-19084 0-20501 0*21418 0*22388 0*23213 0*24243 0*26043 

or 0- 167851 +0-03352674^-4)-Oe407447dH0 09l73196^3. c. Dieterici gave 0-16791 
-|-0'000350^— 0-0<j3075d2 at 0° between 100° and 300°; and for the sp. ht. 
between 18° and 0°, 0 1676-40000160 for temp, up to 100°, and 0*16791 
-f-O*OOO175O0— O-OjlO2502 for temp, between 100° and0° up to 300°. Measure- 
ments between 0° and 320° were made by J. Heinrichs. Observations on commercial 
silica, bricks were made by E. Heyn and co-workers, Y. Tadokoro, W. Steger, and 
L. Bradshaw and W. Emery. G. Tammann and H. Dickmann found that, at 
105°, superimposed mercury begins to penetrate powdered quartz. 

In 1766, J. P. J. d’Arcet melted quartz sand and silica at the highest temp, 
of a wind furnace. About 1802, R. Hare melted quartz in the fla^ie of the oxy- 
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hydrogen blowpipe, and A. Marcet, J. Mantell, F. Stromeyer, and E. D. Clarke found 
that all the different varieties of silica can be fused in the flame of a spirit-lamp fed 
\s'ith oxygen gas, or in the oxyhydrogen blowpipe flame. H. Davy fused 
it electrically. A. Gaudin showed that fused silica can be drawn out into long 
threads like molten glass— infra quartz glass. According to R. Cusack, quartz 
he^ns to soften at 1406°, and its meltillg point is 1425°. A. Lampen said that 
tlie edges of a picOT of quartz are rounded at 1650°, and it fuses at 1700°. A. Brun 
gave 1780° for theV.p. ; W. C. Roberts- Austen, 1775° ; W. Hempel, 1685° ; and 
0. Boudouard* 1830°. A. L. Day and E. S. Shepherd, and R. B. Sosman gave 
1025° for the m.p. of quartz, but it is not clear to which form this constant refers. 
A. Wietzel found the m.p. of quartz without conversion to cristobalite, to be between 
1()00°-I670°. A. Diifour said that before melting, silica becomes viscid; and 
G. Stein, that at 1600° silica is very viscid, but it becomes much less viscid at 1750°. 
L. Baraduc-Muller said that silica is not deformed at 1650°, but it begins to soften 
between 1702° and 1706°. These •ileterminations are extraordinarily divergent. 
'I'he equilibrium condition of all the different forms of crystalline silica, between 
1 170° and the m.p., is jS-cristobalite. Hence, the m.p. of quartz cannot be. obtained 
if the temp, be raised slowly enough to allow these different transformations to be 
completed , under these conditions, the observed m.p. must really be that of 
eristobalite ; and generally, the observed m.p. of ([uartz must depend on the rate at 
which quartz is converted into its various* transition forms, which, in turn, depends 
on the rate of heating, and the nature of what might be called impurities which 
act as mineralizing agents. The heating curve of vitreous silica or silica glass 
shows none of these changes, and it begins to lose its form about 1625°. If, however, 
this substance were kept long enough in any particular region of temp, it would 
jirobably pass into the form stable at that temp. 0. N. Fenner gave 1470° for the 
m.p. of quartz ; and 1625° for the m.p. of cristobalite. K. Endell and R. Rieke 
gave 1685° + 10° for the m.p. of cristobalite ; N. \j. Bowen confirmed this value ; 
A. Wietzel obtained 1696° ; and H. Ic ('hatelier, 1780°. 0. Ruff and P. Sclimidt 
said silica molts as a-cristobalite at 1696° ±10°. C. N. Fenner said that H. Ic 
Ohatelicr’s value must be high because crist-obalite can be fused to a glass in a 
platiiiuiu crucible, whereas the m.p. of platinum is 1755°. J. B, Ferguson and 

II. E. Merwin gave 1670° ±10° for the m.p. of cristobalite and 1710° ±10 for the 

III. ]), of tridymite. P. D. Quensel gave 1550° for the ly.p. of tridymite ; and 
V. Doelter, 1575°H580°. 

C. N. Fenner’s values for the transition temperatures of the different forms of 
silica are indicated in Fig. 26. For a-quartz^^-quartz, H. Ic Chatelier gave 575 ; 
F. E. Wright and E. S. Larsen, 575° ; R. von Sahmen, 5(X) -550 ; and G., Stein, 
552°. C. N. Fenner found the transAion point rises O'Or per atm. rise of press. 
For the transformation ^-quartz— j32-tridymite, C. N, Fenner gave 870 ; and 
A. L. Day, 800°. C. N. Fenner estimated that this transition point rises O’ 10537 
per atm. rise of press. For the transformation ^-tridymite~^i-tridymite, 
E. Mallard gave 130° ; H. Steinraetz, 115° ; F. E. Wright, 120° ; and C. N. Fenner, 
115°-120°. For the transformation jS^-tridyraitei^^g-tridymite, C. N. henner 
gave 163°. For the transformation a-cristobalitc^^jS-cristobalite, E. Mallard gave 
175° ; F. E. Wright, 225° ; C. N. Fenner, 240°-274° ; and K. Endell, 230°. For 
the transformation j32-tridymite— jS-cristobalite, C. N. Fenner, and N.^L. 3owen 
gave 1470°, the transition temp, with chalcedony is between 170° and 245 , according 
to H. le Chatelier, and 173°, according to G. Stein. The relation between the m.p. 
and the transition iemp. was studied by R. Lorenz and W . Herz. 

The latent heats of the transformations are somewhat uncertain ; and the 
estimates which have been made are the result of indirect coraputatioM. 
J..A. Cunningham calculated the latent heat o! fuiion of quartz to be 135 cals, 
per gram,: and J. H. L. Vogt, 135 cals. E. W. Washburn calculated 6'8 Cals, 
per mol. for the latent heat of fusion of cristobalite. From D. Tschernobaeff s 
data for the heats of the reactions 8i02 wuid-fNa2C08=Na2Si08-f EO2“30*4 
VOL. VI. ® 
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Calfl., and 10Si024-Na2C03=(9Si02,Na2Si03)gi««-f COg -96 Cals., M. W. Travers 
obtained —7-3 Cals., and R. C. Ray, 6*95 Cals., for the heat of transformation 
Si02CTy»t."^Si02gia88 ; at 900° R. C. Ray’s value is 6'50 Cals., and at the m.p. nearly 
the same as at ordinary temp. C. N. Fenner obtained for the latent heat of 
transformation a-quartz->>^-quartz, 4 0 ±1*0 cals. W. P. White gave 4‘3f^I‘0 
cals. R. Wictzd obtained 220-2’35 Cals., and 0. Miilert 2‘21 Cals., for the neat 
hf crystallization of quartz and chalcedony ; and ~0’06 for tl/e heat of crystal- 
lization of cristohalite. ^ 

In 1806, L, N. Vauquelin,i® and in 1814, J. MacCuUogh, reported that silica 
could be volatilized, while in 1840, J. Jeffreys claimed to have volatilized 100 kgrms. 
of silica by leading steam into a pottery oven at a temp, higher than the m.p. of cast- 
iron, but it is not clear if the white dust which was collected had not been carried 
along.mechanically in the current of flue-gas. H. Moissan boiled silica in an electric 
arc-furnace and obtained a bluish-white vapour which condensed in spherical 
globules partly amorphous and partly crystalline. According to C. Stein, quartz 
begins to sublime just over its m.p., approximately 1600°. The sublimate is partly 
vitreous, partly flocculent silica, and partly tridymite crystals. The volatilizatiori 
has been noticed at even lower temp, by E. Cramer, P. Schiitzenberger, E. Hirsch, 
L. Baraduc-Muller, etc.# According to A. L. Day and E. 8. Shepherd, silica-glass 
vaporizes copiously at the m.p. of platinum, 1755°. W. R. Mott gave 35(X)° for 
the boiling point of silica at 760 mm. 0. Ruff and co-workers found silica distils 
rapidly at 2(XX)° and 15 mm. press. ; the vap. press, of silica was also found to be : 

1800* 1900* 1010* 2000" 2055* 2080" 

Vap. proas. . 16 19 26 300 477 761 

H. von Warteuberg has shown that a reducing gas is always present at these high 
temp.-— free hydrogen, or hydrogen derived from carbon and steam — which reduces 
the silica locally, and the resulting silicon vap. burns to silica in the cooler parts 
of the furnace. Silicates behave in an analogous way, for the silica in them is 
also reduced by hydrogen almost, but not quite, as readily as free silica. The 
reduction of silica explains how platinum sometimes forms platinum silicide 
when it is heated in a reducing atm. — not in contact with the silica — presumably 
owing to the formation of » silicon vap. or silicon hydride fdiich attacks the 
platinum. Silica is also reduced by carbon, and by carbon monoxide, and a similar 
phenomenon then take» place. F. Kehrmann and B. Fliinschoim refer to a loss of 
silica by evaporating an aq. soln. of an alkali silicate mixed with an excess of hydro- 
chloric acid, but C. Freidheim and A'Pinagel show that the alleged loss by volatiliza- 
tion was probably incurred during filtration, not evaporation. 

Crystals of quaitz are uniaxial and optically positive. Quartz is doubly 
retracting in a direction vertical to the chief axis, and singly refracting in directions 
parallel to that axis ; a plate cut at right angles to the chief axis is singly refracting 
at ordinary temp., but is doubly refracting between 560° and 580°. The 
refriOtive index of quartz is nearly the same, but rather higher than that of Canada 
balsam. The refractive index of the ordinary ray for sodium light is ’54418, 
and for the extraordinary ray, €--1*55328, showing that the double refraction 
€— co--0’009islow. The value of to for smoky quartz is 1’54388, and €=^1*55317. 
C. N. Fenner found that artificial crystals, obtained by heating powdered quartz 
with iodium tungstate for nearly a day below 865°, had the values co— 1’544, 
€=1’553. E. Mallard gave 1*4775 for the index of refraction of tridymite with 
Na-light. P. Gaubert gave approximately 1*486 for the index of refraction of 
cristobalite for Na-bght. Table IV summarizes some of the .physical properties 
of the different forms of silica. The index of refraction is the most useful means 
of distinguishing these three crystalline forms of silica. 

Ac(rarding to C. N. Fenner, the most easily determinable cUstinctive difference between 
tridymite and criitobaUte is tliat between their indices of refraction. When tridymite is im- 
mersed in a liquid of refractive index I’476, tests by the half -shade method or by the Beoke- 
line method show that the index of the material is so nearly matched that the difference 
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Table IV. — Some Physical PaoPBRxiBa op the Dippebeni Forms op Native 
Silica. 


Property. 

Quartz. 

Tridymite. 

Cristobalite. 

Chalcedony. 

Opal. 

• 

Crystal system . 

Hexagonal 

Hexagonal 

Tetragonal 

Rhombic 

Amorphous 

Axial ratios 

f : c»l : 1*100 

a : c=l : 1*6630 

— • 

— 

— , 

Hardness . 

\ 7*0 

7*0 

60-70 

7 0 

6*6-66 

^0.*™., ; 

• 2*66 

2*28 

2*348 

2*6 

2*1 

22*8 

26*3 

26*7 

23*23 

— 

Refractive index 

1*649 

1*4776 ; 

1*486 

1*537 

1*437-66 

Double refraction 

-fO-009 

-f-0 0021 1 

1 0*00063 1 


— 


is scarcely appreciable. A similar test may Iw used for cnstobalite, using a liquid of 
refractive index r486. When both are present, a liquid of refractive index 1 480 will serve 
to show the proportions. In making up immersion liquids for use in this maimer, a 8d!n. 
of potassium-mercury iodide, which ii# sometimes recommended, is not at all suitable, 
because of the change in refractive index whiclf is likely to occur while it is being used. 
It is much better to make use of mixtures of albolene, the index of which ranges from 
1'477 to 1*486, with kerosene (n=l'460) or with a-monobromonaphthaJono (n=»l*668). 
Albolene is a petroleum product; and the so-called Russian oil, American oil, etc., 
are virtually the same. Other distinctive differences between* Indymife and crUUj^Ut^ 
are that tridymite frequently assumes a lath-like development, and the extinction is 
then strictly parallel to the elongation. •Wedge-shaped twins are common. With 
cristobalite, the grains are frequently elongated (perhaps an inherited property), but 
extinction may occur at various angles. A quite noticeable characteristic of cristobalite 
IB the polysynthetic twinning, which gives several narrow stripes, as in plagioclaso felspar, 
or the twirming may resemble the plaid effect of microcline, A method of discrimination 
between tridymite and cristobalite of great value, depends upon the different temp, of the 
ajS-inversions. This, however, requires the use of special apparatus. 


The index of refraction of quartz has been the subject of numerous investigations. 
Measurements were made by F. Rudberg,20 V. S. M. van der Willigen, E. Esselbach, 
E. Mascart, E. Sarasin, L. Mouton, C. Viola, W. Kohlrauscb, G. Quincke, E. Abbe, 
W. Hallock, C. Fulfrich, J. Danker, K. Ziraanyl, C. Sorct, A. Mulheims, H. Dufet, 
E. F. Ufartcns, H. C. Sorby, H. Rubens, E. F. Nichols, E. Wulfing, etc. The 
index of refraction»of quartz increases as the wave-length of the light used decreases. 
Thus J. W. Gifford found : 

Wave-length (^/i) , 670 (Li) 643*8 (Cd) 646*1 (Hg) • 480*0 (Od) 404*6 (Hg) 

Index of refraction 1*46607 1*46677 1*46016 1*46367 1*46067 


L. Moutou, H. Rubens, E. F. Nichols, and B. Carvallo made observations in the 
ultra-red ; and E. Sarasin, C. H. Simon and H. Trommsdorff, E. F. Martens, and 
J. W. Gifford in the ultra-violet. E, W. Washburn and L. Navias found the’ index 
of refraction of raw chalcedony to be between 1*533 and 1*538 ; raw flint, 
1*533-1'539; quartz, 1*544-1’553 ; calcined chalcedony, 1 *456“! *470 ; calcined 
flint, 1*438; cristobalite, 1*484; tridymite, 

1*475; and silica-glass, 1*457-1*460. The 
effect of temp, has been studied by H. Fizeau, " 

H. Dufet, F. Schlagdenhauffen, G. Muller, I'SSOO- 
C. Pulfrich, E. Reimerdes, J. 0. Reed, hSfSO- 
P. J. Micheli, etc. The index of refraction hS^OO - 
increases as the temp, rises ; thus, J. W. Gifford i,s550 - 
found that cu at 18'9'^ is 1*5441638, and at 25*3*^, ^ 

1*5441013. H. Dufet gave —deldS— 0 057223 
-4-0*08370 and -dw/d0-O*O66248-HO*O950. 

E. Mallard and H. le Chatelier noticed an 
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al^rupt change in this constant at about 570 . ygiiM 

F. Rinne and R. Kolb’s results with sodium 

light are fllustrated by the curves, Fig. 43. According to A. N. Winchell, hexagonal 
crystals, exemplified by the wofropic qyiarii from Iron River, Michigan, may be 
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isotropic, and the mineral furnishes X-radiograms like those of anisotropic quartz. 
In 1830, D. Brewster showed that quartz-glass is not doubly refracting. The index 
of refraction of quartz-glass has been measured by C. H. Simon and H. Trommsdorff, 
H. Dufet, E. F. Martens, M. Herschkowitsch, J. W. Gifford and W. A. Shenstone, 
and F. A. Schulze. J. IV. Gifford found for light of wave-length A, the refractive 
index of quartz-glass is : ^ 

^ ... 670-8 546-1 508-6 43/-9 404-6/i^ 

index. , . . 1-4560717 1-4601545 1-4619030 1-4667412 1-4696753 


C. filawatseh 
and fr)und ; 


studied the effect of colouring pigments on the refractive index 


Smoky quartz 


Colourless. Smoky - ^ ^ 

quartz quartz Light place Dark place Calcined 

1-54433 1-64388 1-54403 1 64387 1-64436 

1-65306 1-66317 1 55299 1-65289 1 ■55344 


The double retraction of (luartz is small. The dispersion of tlie double refraction 
€—w has been determined by M. de Lepiuay, F. Faschen, L. Mouton, E. Ketteler^ 
J. W. Gifford, J. 0. Reed, G. Abati, E. F. Martens, E. Aschkinass, F. J. Michali, 
0. G. Knott, C. Pulfrich, etc. F. E. Wright and E. S. Larsen’s data for the double 
refraction € oj at different temp, arc : 


15 " 100 ’ 220 ’ • 5 : 15 " . 570 ’ . 590 ’ 1000 * 

(~(o . . 0-009 10 0-00902 0-00882 000811 0-00797 000760 000787 


The refraction index of tridymite is 1-477, and the double refraction is feeble 
and positive.-! In 1884, A. Merian noticed that when biaxial tridymite is warmed, 
it becomes uniaxial, and on cooling, the crystals again b(‘come biaxial, The mean 
refractive index of cristobalite for yellow light is 1-49. For artificial tridymite, 
prepared by lieating powdered silica with sodium tungstate lor about a day at about 
875*^, G N. Fenner found for the refractive, index parallel to the a- and j8-axis 
1*409, and for the y-axis 1-173 (23°). Similarly, for cristobalite C. N. Fenner 
obtained for sodium light (at 23°) y =1*487, a - -1*484 for artificial crystals prepared 
in a similar way, but at a temp, of 1475° instead of 875°. According to V. Qaubert, 
the double refraction of cristobalite is 0*0()053 and negative. Ooi heating to about 
230°, there is an abrupt change from the doubly refracting into the isotropic crystal- 
line variety, called jS-oristobalite to distinguish it from normal or a-cristobalitc. 
Fused quartz is not doubly refracting. A. EIhringhaus and H. Rose compared the dis- 
persion and double refraction of silicon, titanium, and tin dioxides with the mol. wt. 

In 1812, J. IL Biot -- found that crystals of (piartz have the remarkable property 
of rotating the [)laue of polarization of liglj,t, transmitted in the direction of the 
principal axis, in sucli a way that in some crystals the ray is deflected to the right, 
and in others to the left. The former is conventionally called right-handed quartz, 
the latter Jefl-handid quartz. J. B. Biot’s convention as to the right- and left- 
handodness of quartz is now in fairly general use, although some confusion formerly 
prevailed, because J. Herschel reversed the convention proposed by J. B. Biot. 
J. Pereira said : 


If, on turning the analysing pruun or tourmaline from left to right, the coloura descend 
in Newkon’B^Hcale, that is, succeed each other in this order— red, orange, yellow, green, blue, 
indigo, and iHolei - J. B. Biot designates the polarization as right-handed, or ; whereas 

if they descend in tlie scale by turning the analyzer /row right to left, he terms it left-handed, 
or — , or>s. Sir John Herschel, on the other hand, supposes the observer to look in the 
direction of the ray’s motion. Let the reader take a common corkscrew, and holding it 
uafh the h«id towards him, let him use it in the usual manner, as if to penetrate a oork. The 
head will then turn the same way with the plane of polarization as a ray in its progress 
fnm the spc'Ctator through a right-handed crystal may bo conceived to do. If the tlu«ad 
of the corkscrew were reversed, or what is termed a left-handed thread, then the motion of 
the head, as the instrument advanced, would represent that of the plane of pSlarization 
in a left-handed specimen of rock crystal. 
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,r Herscliel, and D. Brewster pointed out that the optical rotation discovered by 
,1. B. Biot is related with the structure of the crystals. As in the case of tartaric 
;ipid, the crystals are enantiomorphic as illustrated in Fig. 40. The rotating power 
1 .^ also proportional to the thickness of the plate. Observations have been made by 
0. ^ft)ch, V. von Lang, P. Desains, R. Dongier, etc. Lord Rayleigh studied the 
( ITect of the earth’s motion on the circular polarization of quartz. For sodium light, 
.] Stefan found th\ angle of rotation of a plate one mm. thick to be 21-67°, and the* 
angle increases with a rise of temp, from 21-599° at —20° to 25-259° at 840°. The 
eftect of low te'inp. has been studied by C. Soret and C. E. Guye, J. L. Soret and* 
E. Sarasin, etc. M. G. Levi found that a quartz plate liad 8-99 25° at 12° and 
8—102° at —180°. The effect of temp, has been 
studied by V. von Lang, L. Sohneke, D, Gernez, 

H. Dufet, J. Joubert, etc. According to E. Gum- 
lich, the optical-rotatory power, 8, at the temp. B 
between 0° and 100° for rays Ui all colours, 
is 8-8o(l-fO-000131d-f-0'000000195d2), where Sq 
denotes the angle of rotation at 0°. F. Burki gave 
8 --7-1505A-2eO-oi864x-* . and P. Drude, 8-12-200(A2 
- Aq^)-! — 5 - 046 A“ 2 . The shorter the wave-length 
of the light, the ^eater the rotation of the light, so 
that the angle is smaller for red than for yellow, 
and so on. Thus, with a plate one mm. thick, 

H. le Chatelier obtained the results indicated in 
Table V, and Fig. 44. Fused quartz does not 
exhibit the phenomenon of circular polarization. P. Zeeman and A. Snethlage 
measured the Fizeau effect with quartz. 
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Light by Quartz. 


1’aBLE V.— OPTirAL lloTATION OF QUARTZ AT DIFFERENT TEMPERATURES WITH 

Light op Different W.^ve-eenoth. 


« 


Optical rotation 

with light of, wave-length. 


Temp. 

• 



• 




1 656 

589 

518 

.500 

448 

, 270 


tted. 

Yellow, 

Orecn, 

Orcen. 

Blue. 

• 

' Ultra-violet. 

20^ 

1 17-25° i 

2172° 

28-62° 

i 30-78° 

39 24° 

114-5° 

280° 

18-06° ; 

22-68° 

29-82° 

32-16° 

40-80° 

— 

415° 

18-60° 1 

23-40° 

30-60° 

32-90° 

42-00° 

, 127° (476°) 

660° 

1 19-38° i 

24-30° 

.32-04° 

34 56° 

44-10° 


600° 

20-10° i 

25-26° 

33-18° 

.*15-76° 

46-60° 

131° (660°) 

900° 

-- 1 

26-82° 

33-24° 

3600° 

46-84° 

132° 


A. Fresnel, 23 V. von Lang, R. Dongier, A. Cornu, E. Brodhun and 0. Shron- 
rock, R. Brunhes, etc., have discussed the theory of the subject. The production 
of Air]f» spirals when two equally thick plates right- and left-handed arij super- 
posed and examined in convergent monochromatic polarized light was described 
by G. B. Airy, 24 J. C. Jamin, B. Hecht, R. Straubel, F. Beaulard, A.^ Gouy, 
G. Quesneville, K. Schmidt, R. Ritter, etc. The opticad anomaly of tjuartz was 
investigated by Lord Rayleigh, D. Brewster, 2*» H. W. Dove, G. Jenzsch, 
A. Breithaupt, E. Reusch, H. Boklen, G. Wyrouboff, R. Brauns, E. Schumacher, 
K. A. Lessen, E. Stecher, C. A. MacMahon, etc. Uniaxial quartz crystals become 
biaxial when press, is applied at right angles to the optical axis. The effect of 
pressure on the optical properties of quartz crystals was observed by D. Brewster, 
A. 'Moignp, F. Pfaff , H. Bucking, M. Sidorenko, E. Mach and J. Merten, F. Pockels, 
F. Beaulard, H. Monnory, and P. Dongier ; the effect of heal, by W. Klein, and 
P. P. Koch; and the effect of an electrostatic field, by A. Kimdt, W. C. Rdntgen, 
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P. Tscherraak, and F. Pockeb. Uniaxial quartz crystals in the electric field 
change in a way analogous to that observed with compression. 

In the magnetic field there is a simple rotation of the plane of polarization parallel 
to the axis.^e The magnetic-optic rotation of quartz, that is, the rotation of a beam 
of polarized light in a magnotic field, expressed in the terms of E. Verdet^SCOlfitant 
at 20°, decreases from 0-1587 for light of wave-length A=0-22194/i to 0-1079 wnen 
>-0-02573p; to 0-04617 for A=-0-3609/i ; to 0-2750 for A-0-j{678/i ; to 0-02574 
for A--0-4800/X ; to 0-02257 for A-O-5086/x ; to 0 01664 for A=0-5892/x ; and to 
0-01368 for light of wave-length O-6439/ii when measured along the c-axis. For 
variations of wave-length from A=0-467 /a to 0-644p, and a temp, between 20° and 
96°, E. Verdet’s constant is 1-f 0-00011 (^—20) times the value of the constant at 
20°. Values were obtained by J. Disch, A. Borel, and T. M. Lowry. 

Light passing through a crystal is continuously absorbed as the distance traversed 
b}% the light increases. With white light, the different colours are often absorbed 
at different rates, and the colour of the crystal il due to a combination of the remain- 
ing colours. The two rays of a doubly refracting crystal may be absorbed differently 
so that the colour of the crystal appears different according to the direction in which 
the light is transmitted. This property is called dichroism when two colours are 
involved, and the gencfal term used is pleochroism. In a polarizing microscope, 
with the analyzer out, the colour varies as the crystal is turned. An instrument 
called the dichroscope is designed to sllow the colour of the two rays of the 
crystal side by side. D. Brewster, 2? and A. Beer sliowed that amethyst exhibited 
pleochroism in that the ordinary ray appears pale reddish-violet, and the extra- 
ordinary ray, dark bluish-violet ; W. Haidinger, that the ordinary ray is more 
strongly absorbed than the extraordinary ray with crystals from Brazil, Siberia, 
and from Schernnitz ; and H. Baumhauer showed that this applies also with colour- 
less quartz. J. Moreau, C. Ehlers, and P. Ites measured the different absorbing 
power of quartz for the ordinary and extraordinary rays. E. G. Merritt, and 
J. Konigsborger measured the effect with ultra-red rays ; and J. Konigsberger, and 

V. von Agafanoff, the effect with ultra-violet rays. 

Quartz is almost transparent to the ultra-violet rays, and, according to C. poelter, 
quartz glass is rather more aljsorbent than the crystals. The transparency for the 
extraordinary ray is ratlier larger than for the ordinary ray, and the smaller 
the wave-length the greater the absorption. Thus, J. Konigsberger found for the 
transparency of a sample of smoky quartz, expressed as a percentage value of the 
transparency of fluorspar : ^ 

W^vo-length 10 1’6 2-1 25 30 3-6 40/i 

Ordinary ray . . .90 8C 89 88 81 80 46 

Extraordinary ray , .93 92 92 91 00 80 46 

E. T. Whcrry,28 and E. F. Holden measured the absorption spectrum of rose- 
quartz. The latter found rose-quartz to be pleochroic. W. R. Ham and co-workers, 
and G. Joos studied the ultra-violet absorption spectrum of quartz ; and W. Jevons, 
the baijd spectrum. The transparency of quartz glass for ultra-violet light was 
studied by H. Trommsdorff, A. Pfliiger, H. Kriess, R. Schachenraeister, S. B. Nichol- 
80 U a^ E. Pettitt, and C. Schaefer and M. Schubert, J. Konigsberger and 

W. J. Miiller, H. Buisson, etc. V. Schumann measured the effect in terms of the 
time, in seconds, required to affect photographic plates to the same extent. 

Wave-length . . 361 276 231 * »214 199;*/* 

Time glass . . 20 20 20 20 180 

lAir . . . . 18-19 16-17 12-13 11-12 1-2 

According to W. W. Coblentz, the transmission spectnim of a plate of clqar quartz 
cut perpendicular to the principal axis and 012 mm. thick shows small bands at 
2’9/i and 4-36/z, Fig. 46. J. Konigsberger with smoky quartz obtained bands at 
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3 05/i and 4 05fi ; and E. G. Merritt, with polarized light, obtained bands at 3 0u 
and 3-6/z for the extraordinary ray and 2 9/1, 3-76/i, and 41/i for the ordinary ray 
With amethyst, J. Konigsberger obtained a band at 31/i. E. F. Nichols, and 
C. V. Raman made some observations on this subject. 

W. Coblentz measured the reflection spectra of quartz and quartz glass, and 
foilnd the one to be entirely different from the other, Fig. 46. The maxima in 




Fia. 45 — Transmission Spectra of Fig. 40. — Reflection Spectra of 

Quartz, and of Opal. Quartz, and Quartz Glass. 

the reflection spectra of crystalline quartz occurs at 8’4/i and 9 ()2/x ; and with 
amorphous quartz, at 7‘8/Lt, S'ifx, and S'Sfi. The intensity of the maxima of the 
bands of quartz glass is not so great as those of crystalline quartz, nor does the 
reflecting power in the region of the spectrum just preceding a reflection band, fall 
to so low a value as in crystalline quartz. H. Rosenthal made observations on 
this subject, and measurements of the reflection spectrum in the ultra-violet were 
made by 0. Reiu^ober. E. P. Lewis and A. C. Hardy* found the reflective power of 
quartz, for radiations below A~1860, to be 9 to 10 (rock salt, 8 to 9). W. W. Cob- 
lentz found the reflecting power for light of wave-length A--0’95/>t to be 81 per 
cent. ; for A— 4-4/4, 41’5 per cent. ; for A=8*8/i, 7*9-13'4 per cent. ; and for 
A=24/4, 9 0 per cent. C. Schaefer and M. Schubert showed that quartz, chrysoprase, 
hoenstein, and chalcedony have the same quantitative reflecting power, and the 
maximum at about 9/t exhibits 90 cent, of the metallic Teflection. With opal 
and quartz glass, the reflection maximum is in the same proportion as with the 
other varieties of silica, but the reflecting power is 40-50 per cent, less. This is 
attributed to a distortion of the space-lattice in the amorphous varieties of silica. 

It is remarkable that the water maximum, which lies at 3‘2/4, is not observed in 
the case of opal, and it is hence assumed that water is not arranged in the space- 
lattice of opal. H. E. Ives and co-workers studied the emiflsivity and illuminating 
power of mantles made of silica and heated in the bunsen-flame. H, Rifbens and 
E. Aschkinass measured the transparency of quartz for the so-called Restrahlen. » 
C. F. Kunz,^^ E. F. Holden, and A. Lacroix noted that exposure tq light lessens 
the intensity of the colour of rose-quartz. P. Villard found that colourless quartz 
is darkened by exposure to cathode rays. J. Ewles found the minimum voltage 
for the excitation of the blue cathodoluminescence of silica to be 750 ; E. L. Nichols 
and D. T. Wilbur also studied this subject. C. Doelter investigated the action of 
ultra-violet rays on the colour of quartz. J. 0. Perrine observed no signs of the 
excitation of fluorescence by the X-rays. According to C. Doelter, quartz is semi- 
opaque^ to the X-rays, and its transparency lies between that of corundum and that 
of calcito. Q. T. Beilby, C. J. Salomonsen and G. Dreyer, N. Georgiewsky, and 
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othors found that colourloss rock crystals are coloured brown by radium and X-rays 
and tlic colniir is removed by exposure to ultra-violet rays or by heatmer to 
2(^f, V. r)o(‘!ter and II. Sirk found that the coloration is mainly produced by^he 
y-rays, and also by the j8-rays. Observations were also made by X. Eguroff 
a. l)o(>h<‘r and H. Sirk etc. M. Berthelot found that some specimens of q^rtz 
were d('colorized by radium radiations, and he therefore attributed the positive 
instaiic(‘s of decoloration to the presence of an impurity. N. Fgoroff, 0. Honig- 
schmid, and C. J. Sahmonsen and G. Dreyer found that coloumsB quartz becomes 
pkochroic by the action of radium rays. Rose-quartz, amethyst, cairngorm, and 
citrine all beconn? colourless when hcatod—according to E. Newbery and H. Lupton, 
rose-qiiartz requires a red heat ; amethyst requires strongly heating directly in the 
blowpipe-flame ; and nearly black cairngorm sometimes becomes colourless when 
heated in a soft glass tube. They also found that when exposed to radium radia- 
tions for seven days colourless quartz becomes smoky, and the coloration penetrates 
a (Teptb of one cm. into the crystal. Rose-q^iartz decolorized by heat became 
smoky rather more readily tlian clear ro»k crystal, and the pink colour was restored 
to some extent. Amethyst decolorized by heat did not become smoky, but the 
purple colour was slowly restored. K. Simon found amethyst is decolorized over 
550°. E. Newhery and H. Lupton observed that decolorized cairngorm slowly 
regained its colour when exposed to radium radiations, and this more rapidly 
than with the other samydes of quartz oxaniinod-— 3 . 2C, 4. All the recoloured 
crystals were n'adily d(‘C()loriz(‘d by moderately heating them, and at the same time 
a faint thermoluminescence appearcKl. F. S(rhr6tcr, and E. L. Nichols and 
co-workors investigated the blue glow which occurs with silica heated in the 
oxyhydrogen dame. Observations on the action of radium rays were made by 
A, Bon-Saude and 0, Oostanzo, C. Doelter, G. 0. Wild and R. E. Liesegang, and 
S. 0. Lind and 0. (1. Bardwell. E. F. Holden concluded that the colour of 
rose-quartz is not due to radium radiations ; and A. Lacroix said that rose-quartz 
is never associated with radioactive minerals, while smoky quartz is observed 
with them- a fact also noted by H. V. Ellsworth. Radium radiations may 
produce an etfecA like smoky quartz, and also like amethyst. A. Miethe did not 
observe thermoluminescence when smoky quartz, intensely coloured by ex'posure 
to radium radiations, was heated, but G. T. Bt ilby, R. Newbery' and H. Lupton, 

V. M. Goldschmidt, etc., observed the effect. 1). i^. Chapman and J>. J, Davies, 

W. E. Curtis, and E. B.'Ludlanj and W. West found that quartz glass acquires 
the y)Ower of phosydiorcscing, and^ thermoluminescing after exposure to the 
electrical discharge. S. C. Lind and D. C. Bardwell studied the effect of radium 
radiations on (piartz, chrysoprasc, moss-agate, and opal. D. Hahn observed 
that many varieties of rock crystal give a j)alc yellow thenuoluminescence : other 
varieties give a whitish shimmering glow ; and an amethyst glowed witli a yellowish 
light. The plienomenon was also investigated by J. (I y !V;on, K. von Kraatz- 
Koschlau and L. Wohler, etc. G, F. Kunz and C. Baskerville did not make quartz 
luminescent by exposure to radium radiations, X-rays, or ultra-violet light. 

K. L. Nichols and co-workers found that when heated to a certain definite temp, 
silica emits a blue glow, and the railiatiou is in excess of that emitted by a black 
body at Hie same temp. According to E. Rutherford, a fused quartz tube, after 
^continued exposure to radium emanation, became brittle and cracked, and the 
whole tifbe showed a multitude of approximately circular cracks. M. 8. Curie 
also found quartz-glass tubes cracked when exposed to the a-rays from a polonium 
preparation. Hence, quartz glass is very unsuited for enclosing very radioactive 
preparations. In 1784, G. de Razoumowsky referred to le pho^fthm^m des corps 
du rSgne nMral par k nwyen du frottemeni, and included quartz in his list ; five 
years later T. Wedgwood also referred to the luminosity produced in quartz by 
attrition ; and'J. H. Pott observed the same phenomenon with flint. M. Trautz 
observed iriboluminescence with native quartz, but not with precipitated silica. 
E. R. Lankester, E. Heron-Alien, J. W. French, W. T. Sollas, C. C. Wilson, 
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V Brammall) G. C. G. Damant, and H. S. Allen have studied the luminosity of 
((uartz by attrition. Many varieties of native quartz show radioactivity, and they 
( ontain some occluded helium and argon gases, as well as some uranium and radium. 

Strutt obtained the numbers indicated in Table VI. S. Ichikawa studied 
(lie relation between the colour and the phosphorescence of quartz ; W. E. Curtis, 
till phosphorescence of silica-glass. 

Vable VI. — Radioactivity of Native Quartz. 



Occluded 

Occluded 

1 Badium per 

Uranium oxide 

Helium 

Origin of quartz. 

helium per 

argon per 

100 grms. 

per 100 grms. 

ixir grm. 


c.mm. 

c.mra. 

, Grina. 

Grms. 

UsO* 

.Madagascar . 

2-4 

310 

: 1-39x10-“ 

4-29 X 10-*. 

90 

Ilfracombe 

t 1-43 

2-5 

7-45x10-“ 

2-31 X 10-® 

10-4 . 

JUazil . 

I 0-74 

10 


! 


tiiiartz sand . 

1 0-55 

1 

• 1-94x10“ 

G-OOxlO-^ 1 

GO 

Flint (Norfolk) 

1 0-295 

i 

1 1-9 

4-30x10““ 

1 1 -33X10-* i 

1 

0-246 


When certain crystals are heated in an air bath, and then drawn quickly through 
an alcohol flame and allowed to cool, a positive charge of electricity collects about 
the so-called antiloguc poles. The phenomenon is called pyroelectricity. The 
charges of electricity can be rendered evident by their effect on other charged bodies ; 
or, according to A. Kundt, by blowing a fine spray of a mixture of equal parts of 
jiowdered sulphur and red-lead on the cooling crystal, the sulphur collects about 
the positive poles and the red-lead about the negative poles. The phenomenon 
with quartz has been investigated by S. Ichikawa, W. G. Hankcl, C. Friedel and 
J. Curie, W, C. Rdntgen, A. Kundt, C. F. Naumann, B. von Kolenko, J. Beckenkamp, 
and P. P. Koch. Electric charges accumulate at certain points on a crystal 
if it be pressed between the fingers or in other ways. The charges developed are 
analogous with those developed by heating the crystal, and the phenomenon is called 
piezoelectricity.^^ The jihenomenon has been investigated byJ. and P. Curie, 
liOrd Kelvin, A. Beckman, F. Pockels, W. G. Hankcl, A. Kundt, W\ C. Rdntgen, 

P. C^zermak, and E. Riecke and W. Voigt. A. Perrier and B. de Mandrot found the 
])henomenon with quartz disappears at 576*^. The elastif; deformation of quartz 
crystals by electric charges has been investigated by J. and P. Curie.32 Maran- 
goni discussed the piercing of quartz plates by a high tension electric discharge. 

H. F. Richards ^3 measured the electrification produced by the contact of 
quartz with fluorite, glass, and steel, a E. Warburg and E. Tegetmeier showed that 
a slice of rock crystal cut perpendicularly to the principal axis, and having its ends 
covered with layers of gold or plumbago, when subjected at a temp, of about 230° 
to a long-continued (*.m.f. of considerable intensity, had its electrical conductivity 
permanently reduced to a small fraction of its original amount. In directions 
perpendicular to the axis, rock crystal, even at higher temp., has little or no con- 
ductivity. The electrical conductivity of rock crystal in the direction of the 
principal axis is, at high temp., about the same as that of ordinary glass. When 
a slice cut perpendicularly to the axis is electrolyzed, sodium-amalgam being used * 
as the anode, sodium migrates through the slice, \ts amount being in* accordance 
with Faraday’s law, and the weight of the slice remains unchanged. Even at high 
temp., rock crystal aqj« as a good insulator with respect to an e.m.f. in a direction 
perpendicular to ihe principal axis. When potassium-amalgam was used in the 
place of sodiiiiji-amalgam, the current had sunk after 40 hrs. to about the 
h^indredth part of its original value, only 2 milligrams of silver in the coulometer 
were separated, and no jiotassium could be detected -at the cathode, even by 
means df the spectroscope. It was therefore concluded that the conductivity 
is due to the ^presence of sodium, in the form of Na 2 Si 03 , which was shown by 
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analysis to be present in the proportion of 1 part in 2300, so that the crystal 
might be regarded as a very dil. soln. of this salt. The electroljdiic character 
of the conductivity was further confirmed by the fact that a cell giving e.m.f. 
of from 1‘3 to 2 volts could be formed of mercury, a slice of quartz at a temp, 
of 225®, cut perpendicularly to the axis, and sodium-amalgam. According to 
the ionic theory of electrolysis, the fact of electrolytic conduction taking plice 
only in the direction of the principal axis, would tend to the inference that in the 
casa of rock crystal not traversed by an electric current, the inwrchange of atoms 
between the mols. can only take place, at any rate to a sensible «extent, in the 
direction of the principal axis. E. Tegetmeier showed later that lithium may 
replace sodium in developing the conductivity of quartz. P. Curie referred the con- 
ductivity of quartz to the presence of water or salt soln. in capillary passages oriented 
parallfil to the chief axis ; J. Beckenkamp assumed an intramolecular distribution 
of a fluid so that the ions of the electrolyte are disposed between the crystal mols. ; 
and J. Beierinck assumed that films of opal are, distributed within the crystal. 

According to P. Curie, the electrioal conductivity of quartz in the direction 
of the principal axis is 0'844xl0~i^ mho at 20^^ ; 0*122x10^^^ at 100° ; 0*147 
XlO“^®at 200°; and 0179x10“^ at 300°— the resistance of mercury at 0° is 
l‘063x 10^ ohms. K. and F. Exner gave for the conductivity of quartz parallel 
to the chief axis, 0'21xl0~® mho at 109°, and 0*46 xl0~® at 148°. Gr. Wulfi 
measured the electrical conductivity of quartz. 

E. Tegetmeier gave for the sp. electrical resistance of quartz, referred to that of 
mercury, as 3-55x101^ at 0°, 5*78 xlO^^ at 100°, and 5*18xl0i‘’at 1600°, E. War- 
burg and E. Tegetmeier obtained in the direction of the chief axis, 2xl0ii to 
7 X iO^i at 224°. K. and F. Exner obtained a resistance of 41 X lO^^ ohms at 101°, 
and 0-9x1015 at 147° ; and M. von Pirani and W. von Siemens obtained 4x10^ 

ohms at 1300° when that of porce- 
lain at the same temp, is 1*7 X 10^ 
ohms. C. Doclter obtained per- 
pendicular to the principal axis : 

430* 605* 780* 

Ohms . . 61,400 4,080'- 6,690 

sdo* 880* 1180* 

Ohms . . 20,300 52,600 7,640 

and parallel to that axis : 

930* 1020* 1140* 

Ohms . 116,000 36,6] 2 ] 1,970 

1260* 1390* 1400* 

Ohms 6,940 3,220 3,160 

Analogous results were obtained 

with other samples. The results 

are plotted in Fig. 47. The 

observed results were represented 
by E. Rasch and F. Hinrichsen’s 
equation, log B—A T~^ -f C, where 
^ ^30(t /(W R is the resistance in ohms; T, 

• , Temperature the temp, on the absolute scale ; 

. . , « . . and A and C are constants. This 

iw. 47.-EIeotno»l R«»t»nce of Quarts. ^ 

blance to the integrated form of J. H. van’t Hofi’s equation d(log E/dr)=— A/BT* 

(1, 12, 9). K. and F, Exner gave 0*26xl0~ii mho for the electrical conductivity 
of qut^tz glass at 101°, and O il xl(l~i® at 147° ; and M. von Pirtini and W. von 
Siemens gave 0*25 X 10^* mho at 727°. C, Doelter gave for the sp. resistance of 



922* 

132,800 


73,380 


1050* 

66,923 


1164* 
14,291 » 


1207* 

10,000 


Ohms 
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i'. Horton found the effect of temp, on the electrical resistance in ohms, and the 
. i.ectrical conductivity in mhos of slabs of quartz-glass to be : 

468® 652® 708“ 869“ 1013“ 1288“ 

Ohme . 96X10« 36x10* 198x10* 409000 170000 66200 

. V19xl0r* 4-86xlO-> 8*69xl0-« 416x10-’ lOOxlO"’ 2-60x10-* 

There is thus a riy)id increase in conductivity with rise of temp. A. Jaqucrod and 
11. Miigeli found lie sp. conductivity of silica glass to be 3-1 x lO^^o mhos per c.c. 
at 60^ ; 3*16 at 80° ; and 3'2xl0~i8 at 100°. A. Jofl4 showed that the 

electrical conductivity of quartz is increased by exposure to radium radiations, 
X-rays, or ultra-violet light, and the efiect is greater on the conductivity parallel 
to the principal axis than on the conductivity perpendicular to that axis. 
A. Schaposchnikoff found that the electrical conductivity of quartz follows Ohm’s 
law only with electric fields of moderate intensity ; with over 4000 volts per cm. 
there are marked deviations. A. V. Henry measured the electrical resistance of 
silica refractories between 400° ana 1100°, 

Quartz at ordinary temp, is an electrical insulator. The dielectric constant — 
determined by M. Romich and J. Nowak,35 E. Schott, P. Curie, R. Fellinger, 
W. Schmidt, L. Ebert, W. Voigt, F. Paschen, H. Starke, E. S. Ferry, etc. — parallel to 
the axis lies between 4*6 and 5 057 ; and at right angles* to that axis, 4*32-4*695. 
W. M. Thornton found 4*6 parallel to tfie principal axis, and 4*5485 perpendicular 
to that axis. F. Hasenohrl found that at a temp. d°, the dielectric constant parallel 
to the principal axis is 4*926{ l-O*OOllO(0-lO)-O*OOOO24(d-lO)2} ; and perpen- 
dicular to that axis, 4*766{1— 0-00099(^-10) The insulating properties thus 
decrease with rise of temp. The dielectric constant of quartz is greater than the 
value computed from the refractive indices ; this is also the case with fluorspar, and 
calcspar. M. Faraday, L. Boltzmann, and H. A. Rowland and E. L. Nichols 
discussed the dielectric polarization of quartz. F. A. Schulze found the dielectric 
constant of quartz-glass to be between 3*2 and 3*4 ; and A. Coehn and A. Curs, 
3'2-3’5. A. Jaquerod and H. Miigeli studied the anomalous charging and dis- 
charging currents in silica-glass used as the dielectric of a condenser. They also 
examined the effect of dissolved gases — hydrogen, and helium — on the residual 
currents in silic^gla.ss. W. F. Powers measured the temp, coeff. of frequency of 
quartz resonators. All kinds of quartz are diamagnetic. 0. Tumlirz found 
quartz to be diamagnetic perpendicular to the principal axis, and W. Konig, 
E. Stenger, etc., have measured the magnetic susceptibility. P. Curio found 
between 18° and 430°, —0*44x10“® mass units ; S. Meyer, —0*07x10^ to 
0*17x10“® mass units; J. Konigsberger, and W. Voigt and S. Kinoshita obtained 
-1*2x10-® vol. units at 20°, B, Bavink, and G. Wistrand have studied the 
magnetic properties of quartz. W. Voigt found quartz to exhibit piezomagnetism. 
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§ 19. The Cheimcal Properties of Silica 

The general chemical properties of the different varieties of crystalline and 
amorphous silica are very similar ; and the saipo remark applies also to the hydrated 
forms. The main difference turns on the different speeds of reaction. From this point 
of view the hydrates are the most active, and quartz, the least active. According 
to R. Schwarz,! amorphous silica (silica glass) is more active than cristobalite, cristo- 
balito is more active than tridymite. and tridymite is more active than quartz. 
F. W. Clarke said that in all probability tridymite, cristobalite, and quartz are 
polymers of the fundamental mol., Si 02 ; and tridymite and cristobalite are the less 
somplex; and there.foro more stable at high temp. They are, moreover, less dense 
khan quartz, und quartz-glass, with a still lower density, probably approximates 
more nearly 4;o the simple mol., Si02. J. A. Hedvall observed that the precipitated 
and amorphous forms of silica react faster with the alkaline earth oxides than 
cristobalite, and this in turn faster than quartz — vide infra. 

E. Wolf! 2 examined the loss on ignition of quartz. The catalyfiic effect of quartz 
on the union of hydrogen and oxygen has been previously indicated (1, 9, 9) ; and 
the effect of silica gel at 150°, 250°, and 350° on the esterification of alcohol was 
found by C. H. Milligan and E. E. Reid to be twice as great as that of titanic oxide. 
According to P. Villard, if a tube of silica-glass attached to a manometer be 
exhausted and heated by a gas-flame, the press, inside rises owing to the passage of 
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hvdrown through the walls of the tube. M. Berthelot said that hydrogen passed 
trough quartz-glass at 1300°, and Z. von Hirschberg, at 1000°. The permeability 
' icreases as the temp, is raised. J. B. J ohnson and R. C. Burt found the diffusion of 
hydrogen through quartz-glass starts at 300°, and with nitrogen at 600°. H . Briggs 
^tuiUed the adsorption of hydrogen and nitrogen by silica. G. L WilUams and 
J B. Ferguson found that one c.c. silica-glass of sp. gr. 2*22 and at 515°, dissolved 
(Vo095 c.c. of hydVogen (at n.p.t.l with the press. 750-760 mm. and at 445°,0 00989 
c c. With helium, 0*0101 c.c. was dissolved at 515°, and 0 0103 at 445°. The 
solubilities of the gases bear no relation to the rates of diffusion through silica-glass. 
0. A. Hougen and B. L. Miller found that the siliconizing of platinum wires in 
siiica-tubes in a reducing atm. above 900° is due to silicon vapour produced by 
the reduction of silica. A. Jaquerod and F. L. Perrot found that helium diffuses 
perceptibly through silica-glass at 220°, and very rapidly at 1100°. The rate of 
diffusion is proportional to the press. G. A. Williams and J . B. Ferguson found 
the permeability of silica-glass for Jieliura at 180° can bo measured, and at 5(X)°, 
it is about 22 times that of hydrogen. A^ Piutti and E. Boggio-Lera found that 
at 480° helium is unable to traverse plates of i-quartz or d-quartz plates only 0 3 to 
10 mm. thick, and cut parallel or perpendicular to the optic axes, but quartz-glass 
is permeable at this temp. 0. W. Richardson and R. C.^Ditto found neon to bo 
rather less diffusible than helium. M. Berthelot, and Z. von Hirschberg reported 
that quartz-glass is permeable to Oxygon, nitrogen, and methane, at 1300°. A 
sealed quartz-glass tube of 5 c.c. capacity, was filled with hydrogen at 0*2 atm. press, 
and heated for an hour at 1300°*. The contents of the tube were then eq. to 0*68 c c. 
of hydrogen or to 0*12 c.c. measured at atm. press. Fused-silica tubes with walls 
0*7 mm. thick are not permeable to hydrogen at the ordinary temp., but become 
so at 800°, whilst at 1300° the diffusion is very marked ; hytopn C^™e “oos 
not begin to diffuse through the walls of a quartz-glass tube below HOO^either 
does carbon dioxide below 1300° ; the diffusion of nitrogen is feeble at 1000 , but 
becomes appreciable at 1300°-1400°, whiUt oxygen diffuses more readily j relative 
experiments on the rates of diffusion of these two gases show that at U<» under a 
press, of 1*2 atm. one-sixth of the initial vol. of nitrogen or one-third of the initial 
vol. of oxygen diffuses during one hour. The quartz-glass tubes suffer a per- 
manent distension from the effect of the increased internal press, at the high temp. 
It was found that tubes of ordinary white glass or of Jena glass are permeable to 
hydrogen, oxygen, and carbon monoxide under the sime conditions as were 
observed with tubes of fused silica, but at a liyrer temp. It was assumed that the 
permeability of the walls of glass or fused silica vessels to gases is similar m cha- 
racter to the passage of gases through caoutchouc or animal V* 

regarded the phenomenon at high temp, as an effect of incipient devitrification. 
E. C. Mayer found a transparent vitreous quartz vessel to be impervious to hydrogen 
and oxygen at ordinary room temp., and atm. press., but was pervious to 
at temm higher than 330°, and at press, ranging between 26 eras, above and be ow 
atm. press. No leakage was detected with oxygen or nitrogen for press below atm. 
Nitrogen did not escape until about 430°. In all nitr’oaen 

leakage increased with an increase of P''^*7*'y^f';ff®“ i^^nerm^eStv 

slowest of the three gases in question. G. A. A® ^ 

of silica glass for hydrogen becomes appreciable above ^ , and at *># 
is proportional to the gas press., and is an exponential function of ^"P* 
Observations on the diffusion of hydrogen were m^e by T. 

stein and F. Kranemjieck, W. Watson, and H. Wilstner. The last-named found 
the coeff. of diffusion of hydrogen, in c.c. per sq. cm. per sec., to be . 


Coeff. 


800 * 

00.73 


400 * 

00jl6 


500 ” 

0 * 0.21 


600 * 

0 * 0»24 


700 ” 

0 * 0.24 


800 " 

0 * 0.42 


000 ” 

0 * 0.76 


1000 ” 

OO.IOS 


with thf. hydrogen at 800-900 atm. press. He also n^e some observations on 
nitrogen and qxygen, but found the rate of diffusion to be very slow-particuUrly 
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in the case of oxygen, H. Wttstner also measured the absorption coefi., jS, of 
hydrogen, and obtained : 

300 “ 400 “ 600 “ 700 “ 800 “ 900 “ 1000 “ 

jS . . 0 006483 0 006669 0-00819 0 009868 0-01092 0 01098 0-0J029 

f 

to that the value at about 700'^ is the same as that of hydrogen in^waterut ordinary 
temp. H. von Wartenberg discussed the reduction of quartz oy hydrogen above 
1200*^. K. S. Willow and H. T. George studied the absorption ofi gas in quartz 
discharge tubes ; and A. F. Benton, the absorption of carbon dioxide, carbon 
monoxide, oxygen, and hydrogen by silica — vide infra, silica gels. E. E. Schumacher 
found that quartz is wetted by mercury when the adsorbed air is removed from the 
quartz, 

The adsorption ot water vapour by quartz has been studied by I. Ihmori,^ A. von 
DoVneck, M. Guichard, W. fSkey, H. E. Patten, R, E, Wilson and T. Fuwa, 
L. Yignon, and L. J, Briggs. The last-named found that quartz, like glass, is 
capable of condensing a water film upon its surface from an unsaturated atm. 
A part only of this film is liberated when the vap. press, is reduced to zero at 30°. 
The weight of the water film condensed on the surface of quartz at 30° in an atm. 
within one per cent, of ^turation is 26-6 mgs. per sq. metre determined by drying 
at 110°. This corresponds to a calculated thickness of the water film of 
2'66 X 10~ii (.,11 ^ assuming the density of the film to be uniform and equal to unity. 
The results obtained with washed quartz do not support the conclusion that 
adsorption is du<^ to the presence of soluble substances on the surface of the solid, 
H. E. Patten and F. E. Gallagher found that finely powdered quartz in an open 
dish over water adsorbed 0-23 per cent, of moisture at 23° ; ()-ll per cent, at 43° ; 
()-()5 ati62° ; 0*03 at 80° ; and 0-02 at 97°. A. von Dobeneck found that 100 grms. 
adsorbed 0*023 grm. of carbon dioxide at 0°, and virtually the same amount at 
10°, 20°, and 30°. B. von Ammon found that quartz powder absorbed 0*295 
per cent, of ammonia at 20°. G. R. Paranjpe measured the effect of press, at 
— 190° on the adsorption of hydrogen by quartz. The condensation of water 
vapour on the quartz appears to be due to the attraction of the solid for the mol. 
of the vapour, in accordance with the theory of J. W. Gibbs ( 1 . 93, 22) as applied 
to the adsorption of dissolved substances. G. Schwalbe, and C. J. Parks have 
investigated the Pouillet effect with quartz and amorphous silica -vide 1 . 9, 9. 

In his Meteorology, Aristotle, 32 (^b.c., said that water is improved for drinking 
purposes by filtration through sand ; and in his Sylva sylvarum, F. Bacon wrote of 
a method of obtaining fresh water from sea- water, by filtration through earth. 
S. Hates also mentimied that when sea-wator is filtered through stone cisterns, 
the first pint that runs through will not taste of the salt, but the water afterwards 
collected will be as salt as usual. G. Mattoucci also found that the first ruimings 
of soln. of various salts, when filtered through sand, are free from salt. The 
phenomenon is here probably not altogether an adsorption effect, but is partly due 
to the more rapid passage of water as shown to be the case by S. Krakoff, and 
L. J. Briggs with soils. J. N. Mukherjec showed that silica adsorbs acids, although 
A. F. Joseph and J. S, Hancock could not confirm this. According to L. Vignon, 
quartz adsorbs the alkali hydroxides or carbonates, but not sodium chloride or 
magneatum*chloride. Other chlorides, nitrates, and sulphates of the alkalies and 
silver nitrate are adsorbed from aq, soln. The adsorption with carbonates is rather 
less than with hydroxides ; but the results with the alkalips are in some doubt 
because of the po^ible chemical action between soln. and solid. R. E. Wilson 
and T. Fuwa studied the humidity equilibria of silica. The adsorption of water 
vapour by the so-called amorphous sihea is smaller the higher the temp, at whicfi 
the silica has been calcined. E. Berl and W. Pfanmuller studied the effect of the 
flotation process on quartz. • 

Quartz is considered to be insoluble in water at ordinary temp* and press. 
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The solubility of silica in natural waters has been discussed in connection with the 
(Lcurrence of silica — vide supra corrosion figures. It was also pointed out that 
J H. Pott,^ A. Bauin6, J. C. F. Meyer, and C. J. B. Karstcn knew that the gelatinous 
precipitate from liquor siliciutn remains in soln. when treated with an excess of 
aciif. Gelatinous silica, precipitated when silicon tctrafluoridc is passed into water, 
was reported by d. N. von Fuchs to be slightly soluble in water— lOU parts of water 
dissolving 0 013 p.irt of siUca. A. E. Delesse found an appreciable solubility at IGO'^. 

('. Struckmann found the water dissolved 0 021 part of silica which had been 
precipitated by carbon dioxide from a soln. of an alkali silicate ; and 0. Maschko 
obtained a soln. with 0 09 part of silica after many days’ digestion. In these old 
measurements, the influence of alkalies derived from the solvent action of water 
on glass does not seem to have been excluded. E. Jordis .showed that the solubility 
is influenced by the presence of acid or alkali in the water. The same remark 
applies to T. Graham's statement that 100 parts of water dissolve 0 02 part of silica 
precipitated from a one per cent. sbln. ; and 0*01 part of silica precipitated from 
a 5 per cent. soln. E. Ludwig found 100 parts of water dissolved 0 0037-0 0042 
part of silica. A. E. Delesse showed that quartz is slightly soluble in water at 160"^ ; 
and W. Skey stated that hydrated silica dissolves in water. H, Leitmeier found 
that 0*22 part of opal dissolves in KXJ parts of boiling water, and that quartz and 
chalcedony are not so soluble. Observations on the solubility of silica in water 
have also been made by E. Manzella, J.*Davy, J. IVrsoz, C. Viola, E. Nicholson, 

K. Biedermann, 0. G. C. Bischof, A. M. Edwards, G. C. Wittstein and R. Pribram, 

A. Souchay, C. Mieneke, C. Winkler, G. Matiguon and M. Marclial, P. Jannasch and 
0. Heidenreicli, G. Gore, F. Meissner, W. Spring, 0. B. Ercolani, M. Bellati and 

L. Finazzi, etc. S. Calderon found that 100 parts of water dissolve 0*01 prt of 
silica, and that the solubility is increased in the presence of oxygen, carbon ^oxide, 
nitric acid, sulphuric acid, and humic acids. H. W. F. Wackenroder founa traces 
of silica in strong brines. Many other observations have been made. T. Graham 
thought that the solubility depended upon the degree of hydration, and that 
dehydrated silica is insoluble in water. This, however, is not the case. V. Lenher * 
showeij that the action of water on silica is that of a solvent, and this action is 
accelerated by the finer grinding of the silica, and py raising the temp, and the 
press. The water converts the silica into the gel form, which then passes into the 
sol condition, F. Seemann studied the solubility of silice* in water and in soln. of 
ammonium carbonate, sodium chloride, and carbonic acid. R. Schwarz made a 
clear sol with 0*3 per cent, silica by evaporating a soln. of silicic acid in aq. ammonia 
slowly over cone, sulphuric acid. 

V. Lenher and H. B. Merrill have shown (i) that gelatinoiis silica attains^ state 
of equilibrium fairly quickly in wat*er — about 24 hrs. suffice— and the solubility 
is 0*016 at 25° per 100 c.c. of water, and 0*0214 at 90° - the solubility is the same 
no matter how the gel is prepared | and (ii) that the solubility of ignited silica 
appears less than that of gelatinous silica because of the length of time required to 
saturate the soln. They say that in all probability the true solubilities of the 
ignited and gelatinous forms of silica are the same. The presence of carbon dioxide 
has no effect on the solubility of silica in water at 90°. The solubility is augmentod 
by press. F. Pfaff found that at 18° and 290 atm. press., 100 parts of water dis- ^ 
solved 0 0213 part of silica. According to G. Spezia, the action of water on ^lolished 
plates oi quartz cut vertical and parallel to the chief axis in terms d! the loss of 
weight in milligrams per sq. cm. of surface suffered in 30 days is illustrated by the 
results shown in Table VII. G. Spezia infers thaf press, plays but a subordinate 
r61e, and that temp, is the most important factor in determining the solubility of 
quartz in water. The solubility is greater in the direction of the chief axis than 
it is at right angles thereto. 

It nvght be anticipated that persilicates analogous to the percarbonates wi^ 
be prepared bv evaporating silica geb with 30 per cent, hydro^ dioi^. 

A. Komarooslfy ^ did obtain a gelatinous residue which liberated chlorine from 
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Tahi}' VJl -Kim'T OF Temveratviie and Pressure on the Soluriuty of Oruv 
IN Water. ^ 
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f— 
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hydrochloric acid, and iodine from hydriodic acid ; it gave ozone when treated with 
cone, sulphuric acid, and decolorized soln. of potassium permanganate. Hence, 
it was inferred that either a persilicic acid, H 2 Si 04 .ipi 20 . or a ^drogel ol per- 
silicic acid, H2Si08 H202.JH20, was formed. A. H. Erdenbrecher found that by 
triturating anhydrous or crystalline sodiuip mctasilicate with 82 pci cent, hydrogen 
dioxide and alcohol or ether, a porous mass containing up to 15 per cent, of active 
oxygen is obtained. It absorbs carbon dioxide and moisture from air, and evolves 
water and oxygen when heated. 

According to H. Moissan,® fluorine is the only halogen which attacks silica, and 
silicon tetrafluoride is formed even in the cold. If the silica be mixed with carbon, 
then, a red heat, H. C. Oersted showed that chlorine furnishes silicon tetra- 
chloride ; and G. S. Serullas, that bromine, give.s silicon tetrabromide. H. Moissan 
found that iodine pentafluoride reacts vigorously with silica, forming silicon tetra- 
lluoride. Quartz is scarcely affected by acids, excepting hydrofluoric acid which 
reacts with it, forming a volatile silicon fluoride. According to H, Hose, powdered 
quartz dissolves quietly in hydrofluoric acid ; but silica of sp. gr. 2*2 dissolves with 
more violence. According to B, Schwarz, the amounts of the different modifications 
of silica dissolved by hydrofluoric acid during a period of 30 hrs., are as follows : 

Quarts. Tridymlte. Criatobolite. Quartz glass. 

One per cent, acid . 6 2 ^ 20'3 26 8 62 9 per cent. 

Five per cent, acid 30'1 76’3 74'3 96-6 „ 


On the^assumption that compounds are less attacked by hydrofluoric acid the more 
condensed the mol., .1. B. Mackintosh assurfied that the mol. of quartz is more 
condensed than that of opal because with dil. hydrofluoric acid, opal lost 77‘28 
per cent., while quartz lost only 1*56 percent. The illustration is poor, because one 
is a hydrated and the other an anhydrous compound — vide supra, corrosion figures. 
According to J. Thomsen, the heat of soln. of hydrated silica in hydrofluoric acid 
approximates 48 Cals, per mol. of silica when the eq. of 12 mols. of hydrogen 
fluoride„ HE, is used per mol. of silica ; and 13 64 Cals, when 2 46 mols. of hydro- 
fluoric acid are used. According to 0. Mulert, the thermal value of the reaction 
with finyly-powdored quartz in 20 per cent, hydrofluoric acid is 29'93 Cals, per mol. 
of silica, Si02 i 32’ 14 Cals, per mol. of fused-silica, Si02. R. Wietzel found that 
with 35 per cent, hydrofluoric acid, the heat of soln. per mol. of quartz-glass is 
35’97 Cals. ; with rock crystal, 33*65 Cals. ; and with cristobalite, 35*37 Cals. 
Similarly, with fuming hydrofluoric acid, and quartz-glass, thtf heat of soln. is 
38*83 ; rock-crystal, 36*48 Cals. ; and chalcedony, 36*72 Cals. G. Tammarm has 
also shown from measurements of the electrical conductivity that the sob. obtained 
in both cases is the same. Consequently, the heat of transformation of aniorphous 
silica to crj^stalline quartz is about -f2*2i Cals. The mol. ht. of soln. of quartz in 
hydrofluoric acid was found by P. C. Ray to be raised 2*17 Cals, by 15dir8.’ grinding ; 
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tiiiri is taken to coijefjpond with the conversion of 31*2 per cent, of quartz to the 
viticous state, 0, Mulert has shown that the heat of soln. of hydrated silica 
depends on the degree of hydration of the silica. 

It rises rapidly from 32 '14 with amorphous anhy- ^ 
dr(W8 silica to 35 ‘51 Cals, with silica with about § 

3 ^,er cent, wate^, and then falls to about 33*5 Cals. ^ 
with silica having about 10 per cent, of water ; ^ 35 
alter which, the heat of soln. remains constant. ^ 

The curve is illustrated in Fig. 48. The increase is ^ 
supposed to indicate that the first 3 per cent, water ^ 30 
absorbed by the sihca is in a state of compression, 
and the energy compressing the water is liberated 
as heat ; and when the silica is associated with Fm. 48.— Hoat of Solution of 
more water, the compression diminishes and con- Hydrated Silica in Hydrofluoric 
sequently less heat is liberated. % 

G. Gore found that liquid hydrogen chloride has no action on silica. According 
to M. Wunder and A. Suleimann, when gelatinous silica is digested for 2 hrs. on a 
water-bath with 1 ; 2 hydrochloric acidi 0*12 grm. of sihca per litre passes into soln., 
and 0 03 grm. of silica per litre after 12 hrs.’ digestion at, 18® ; with 1 : 1 acid, the 
results were respectively 0’14 and 0*03 grm. of silica per litre ; and with 2 : 1 acid, 
0*331 and 0*05 grm. per litre. C. Stri/ckmann, 0. Masche, and G. C. Wittstein 
made observations on this subject, vide supra. V. Lenher and H. B. Merrill found 
the solubility in grins, per 50 c.c. at 90° to be : 


For cent. HCl 

0 

20 

6*4 

7*8 

100 

16*4 

18*7 

SiOa . 

0*0212 

00198 

0*0162 

0*0114 

00091 

0*0046 

0*0028 

and at 25® : 

Per cent. HCl 

0 

30 

6-4 

12*0 

18*9 

26*1 

34*9 

SiOj . 

00081 

000606 

0 0044 

0*0023 

00008 

0*0006 

0*0004 


The results are plotted in Fig. 49. J. M. van Bemmelen found that 0*81, 2*27, and 
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Fig . 49. — Solubility of Silica in Hydro- 
chloric Acid per 60 c.c. of Solution. 



Per cent, of HiSO^ 


Fig . 60. — Solubility of Silica in Sul- 
phuric Acid per 60 c.c. of Solution. 


4*2 mgrms. eq. of hydrochloric acid were absorbed by 10 grms. of gelatinpus silica 
dried at 100® from 100 c.c. of soln., containing respectively 20, 50, and 100 mgrms. 
eq. He assumed that the water in the sihca was replaced by acid. C. J. B. Karsten ^ 
discussed the action of acids on silica ; and G. C. Wittstein, o^ aqua regia. 
E. Jordis and E. H. Kanter assumed from conductivity measurements that when 
hydrochloric acid is added to cohoidal sihca, combination occurs. C. J. B. Karsten 
also assumed that a compound of sihca and hydrochloric acid can be formed. This 
was supported by F. Mylius and B. Groschufi, J. Meyer inferred that the amount 
of hydrogen chloride retained by silica after 4 hrs.’ ignition at 1000® is inappreciable. 

T. Bauer has referred to the difficulty of getting rid of the last traces of hydrochloric 
acid from sihca. 

According to F. Koref,^ and A. Gautier, sihca at 800®~1100° is attacked by the 
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vapour of solphur, hydrogen sulphide or of carbon disulphide, forming silicon 
sulphide (q.v.). R. D. Hall said that sulphur chloride, S. 2 CI 2 , has no action on heated 
silica ; F. Bourion found that a mixture of chlorine and the vapour of sulphur 
chh'ride has virtually no action on precipitated silica at 575° ; and at a dull 
red heat, C. Matignon and F. Bourion found that silicon tetrachloride is readily 
formed. W. B. Schmidt found that sulphurous add has but a slight action hn 
sHica. According to M. Wundcr and A. Suleimann, dil. sulpnuric acid (1 : 2 
dissolves 0 02 grm. and 004 grm. of silica per litre when digested on a water-bath 
and at 18° respectively. L. Wohler and co-workers studied the action of silica in 
the contact process for sulphuric acid. V. Lenher and H. B. Merrill gave for the 
solubility of gelatinous silica in sulphuric acid in grams per 50 c.c. at 90° : 

Per cent. HjSO, . 0 3 0 7 3 11*5 25*4 55 6 710 

SiOj . . 00214 0-0211 0-0184 00144 00068 00005 0'0004 

The results are plotted in Fig. 50. Observations were also made by S. Calderon. 
.1. M. van Bernmelen found that 1*1,2'1>, and 4'0 mgrms. eq. of sulphuric acid were 
absorbed by 10 grins, of gelatinous silica dried at 100° from 100 c.c. of soln. con- 
taining res}iectively 20, 50, and 100 mrgins. eq. of sulphuric acid ; the acid was 
assumed to replace the w^t(‘r in the hydrated silica, forming a kind of combination. 

H. Funk 8 studied the action of ni^Ogen on silica during which a nitride {q.v.) is 
formed. C. .1. B. Karsten found that aiji ammonia readily dissolves freshly pre- 
cipitated silicic acid, but a soln. of ammonium carbonate dissolves very little. 
G. C. Wittstoin also found that calcined silica is soluble in aq. ammonia, and if 
a soln. of water-glass, mixed with an excess of hydrochloric acid, be treated with 
ammonia, the Hecks first formed are dissolved when more ammonia is added. 
According to R. Pribram, I(K) parts of 9-75 per (;ent. aq. ammonia dissolve 0*714 
j)art of gelatinous silicic acid, 0*303 part of dried silicic acid, 0*377 part of deliydraied 
silicic acid, and 0*017 part of quartz. A. Souchay found 1(X) parts of aq. ammonia 
dissolve 0*382 part of silica dried at 100°, 0*357 part of calcined silica, and 0*00827 
part of quartz. H. Klihn, and J. Persoz also observed the ready solubility of silicic 
acid in aq. ammonia. The plienomenon is complicated by the action of alkalies 
derived from the glass contt^ining vessel. G. Stmekmann found that lOO’ parts 
of 19*2 per cent. aq. ammonia dissolved 0*071 part of silica, and 100* parts of a 1*6 per 
cent, soln., 0*0986 part of silica. Observations were also made by W. Skey, 
A. M. Edwards, etc. L. 5. Briggs found that if the cone, of an aq. soln. of ammonia 
after absorption be re{>resentod by V i^'ols per litre, and the total adsorption by 
100 grrns. of quartz powder of surface area 1(K),0(X) sq. cms. bo represented by A mols 
per litre, then : 

(7 . . 0 0008 0 0032 0*0102 0 0?44 0 1062 

A . . 0-55xl0-« 0-74 xKh* l*04xl(h-< 2*94x10-* 7*68x10-* 

According to R. Schwarz, the peptizing action of the ammonia makes itself 
noticeable at a cone, of 0 001 N ; for 3N-ammonia the amount of dissolved silicic 
acid lies between 63*4 per cent, and 67*4 per cent, for different 8})ecimen8 of the gel. 
Between the cone. 3iV- and 6A^-ammonia the solubility does not change materially, 
and from this cone. u])ward8 the solubility decreases. 

^ H. Rose observed that silica may be completely volatilized as silicon tetra- 
fluoride when heated with two or three times its weight of ammonium fluorido — 
J. B. Mackintosh, K. Daniel, F. Leydolt. and F. von Kobell have made observations 
on this subject. When heated with ammonium chloride, artificial silica becomes 
denser and less readily attacked by reagents. L. J. Briggs found* that if the cone, 
of an aq. soln. of ammonium carbonate after adsorption be denoted by C mols per 
litre, and the total adsorption by 100 grms. of quartz of surface area 100,000 sq. cms. 
be represent-ed by A mols per litre, then : 

C . . 0*0022 0 0063 0*0208 0*063 

4 . . 0 09x10 * 0*46X10-* 0*46X10-* ♦1*8x10-* 
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A, W. Tithcrley found that when a mixture of silica and an allr ftli ftmiiift is heated 
hftweeil 300° and 400°, ammonia is evolved, and at still higher temp., ammonia, 
)i ydrogen, and nitrogen are given off. The residue contained the alkali silicate and 
silicon nitride. When gelatinous silica is digested with dil. nitric add (1:2; 
1:1^ and 2 : 1) on a water-bath for 2 hrs., respectively 010, 0*08, and 0*04 grni. 
of silica per litre pfisses into soln., and when digested for 12 hrs. at 18°, respectively 
0 02, 0*03, and 0*03 grm. of silica per litre dissolves. S. Calderon made some’ 
observations on this subject. J. M. van Bemmelen found that 0*86, 2T7, and 
10 mgrms. eq. ’of nitric acid were adsorbed by 10 grins, of gelatinous silica dried at 
lOO'" from 100 c.c. of soln. containing respectively 20, 50, and 100 mgrm. eq. of 
nitric acid. The water of the silica is replaced by nitric acid which forms a kind of 
compound with the silica. G. C. Wittstein also tested the solubility of silica in 
aqua regia. 

Silica has in a marked degree the power of forming complex acids. TJie 
silicophosphates, silicotungstates, siicomolybdates, silicovanadates, silicotitanates, 
and the silicostannates can be cited in illustVation. A. V. Bleininger and V. Teetor ® 
obtained no evidence of the formation of a compound in their study of the glasses 
obtained by fusing mixtures of silica and boric oxide. The action of soln. of 
phosphoric acid, of fused sodium phosphate, of phosphorus pentoxide, and fused 
metaphosphoric acid is discussed in connection with the silicon phosphates, mde 
infra. A. Daubree found that phosphoiUS trichloride converts silica into silicon 
tetracdiloride ; R. Weber obtained a similar result with phosphorus pentachloride ; 
and A. Simon showed that phosphorus trifluoride yields silicon tctrafluoride. The 
action of carbon and of calcium carbide on silica has been discussed in connection 
with silicon carbide. Reports as to whether the presence of carbon dioxide in 
soln. in water exercises any influence on the solubility of silica are discordant. 
C. Struckmann said that the solubility is diminished ; V. Lenhcr and H. B. Merrill 
said that at 90°, the effect of carbon dioxide on the solubility of silica in water is 
nil. F. Seemann, 0. Masche, and S. Calderon made some observations on the 
subject. C. Matignon and G. Marchal examined the corrosive action of water on 
quartz in the presence of carbon dioxide under 10 atm. press, during 3 years’ action. 
8. Medsforth studjed the action of silica on nickel as a catalyst in the reduction of 
carbon monoxide and dioxide by hydrogen. A. Findlay and W. H. Harby found 
that colloidal silica exercises no influence on the solubility of carbon dioxide in water. 
A. Simon found that carbon tctrafluoride converts silica into silicon tctrafluoride ; 
and E. Demar^ay said that carbon tetrachlcridc slowly converts red-hot silica 
into silicon tetrachloride, and H. E. Quantin found that silicates also yield silicon 
tetrachloride, and this the more readily the greater the proportion of copibined 
alumina in the silicate. Ati contrath, L. Meyer, and P. (Jamboulives said that 
sibca is not attacked when heated in a stream of the vap. of carbon tetrachloride, 
and the latter applied the fact to the analysis of complex minerals. For instance, a 
separation of free and combined silica in bauxite can be effected in this way, since 
aluminium silicate is transformed into the chlorides of aluminium and silicon, 
whilst uncombined silica is not attacked. P. Sabatier and A. Mailhe found that 
silica acts catalytically on the decomposition of formic acid into carbon .dioxide, 
water, and formaldehyde; and J. B. Senderens, and A. Kling, that silica acts 
catalytically on- the thermal decomposition of alcohols. D. Konowalojf found 
silica acts catalytically on the decomposition of amyl acctat(‘ vapour ; C! H. Milligan 
and E. E. Reid, on acetic acid, and ethyl alcohol vap. ; find M. Bodenstein and 
F. Ohlmer, on the oxidation of carbon monoxide. E. Berl and W. Pfanmuller, 
W. Suida, E. Dittler, and L. Pelet-Jolivet studied the action of silica, quartz, etc., 
on organic dye-stuffs. The basic dyes are adsorbed particularly when the grain- 
size is approximately 10/x. It has been affirmed by F. Verdeil and E. Risler 
and denied by A. Petzholdt that silica is soluble in a soln. of sugar. J. Weisberg 
found tliat calcined silica is much less soluble in saccharine soln. than partially 
dried silica. • 
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J. J. Berzelius found that at a white-heat silica and potassium form potassium 
silicate and silicide ; and that a mixture of silica and carbon, in the presence of 
copper, silver, or iron, at a white lieat, forms carbon monoxide and a silicide of the 
metal. J. S. Stas also noted that sibca is attacked and reduced by molten silver or 
silver vap. G. A. Faurie made some observations on this subject. J. B. J. D. Bous- 
singault also found that when a mixture of silica and carbon v(ith platilluxn, \)al- 
'ladium, ruthenium, or iridium is heated, a metal silicide is formed. R. Bunsen 
and A. Matthiessen, and H. Moissan found that caldum and strontium reduce 
silica at a red-heat. A. Burger also studied the action of calcium. ‘F. Krafft found 
that these metals, freed from the oxide, can bo distilled in quartz vessels ; and 
A. Schuller showed that under diminished press, in quartz vessels, silver can be 
volatilized at a temp, below its m.p. ; a deposit of lead was observed when com- 
mercial silver was employed; copper can be sublimed when heated in quartz 
vqpsels ; gold volatilizes very slowly at about its m.p. ; tin can be distilled somewhat 
more easily than gold. For the action of the various metals on silica, vide the 
silicides. * 

L. J. Briggs measured the adsorption A by 100 grms. of surface area 100,000 
sq. cm. of powdered quartz in mols, when the cone, of the soln. after adsorption 
was C mols per litre, and found with sodium hydroxide : 

C . .0 0007 0 0026 0 0078 0 028 0 0866 

A . . 0-42x10“* 0-79x10-* 1-48x10-* 3-45x10'* 810x10-* 

and with potassium hydroxide: 

C . . 0-0009 0-0021 0-0063 0 0236 

A . . 0-33x10 * 0-91x10-* 1-63x10-* 3-3x10"* 

The adsorption curves for ammonium and the alkali hydroxides are similar in form. 
The amount adsorbed is not directly proportional to the cone., but is relatively 
greater in very dil. soln., so that the ratio of the amount adsorbed to the cone, of the 
soln. decreases as the cone, is increased. The apparent adsorption of potassium 
hydroxide by quartz when in equilibrium with a tenth-normal soln. is 1'66 X 10"^ gm. 
mols. per sq. metro, which is eq. to about 0’6 mg. of potassium hydroxide per 
square metre of surface. The adsorption of potassium hydroxide by a fine quartz 
sand from a tenth-normal soln. amounts to only 1 per cent, of the salt contained in 
a vol. of soln. sufficient to saturate the sand. R. E. Hall and co-workers discussed 
the solubility of quartz in hot alj^^line waters. For the action of fused alkali 
hydroxides, mde mfm, alkali silicates. 

According to C. F. Kammclsberg,i* quartz is but slightly attacked by a soln. 
of potassium or sodieim hydroxide ; hydrated silica is fairly soluble in this men- 
struum ; while the opals, and chalcedonies are readily attacked. Thus, H. Loitmeier 
found that with diflerent samples of chalcedony, a variety of chalcedony (or opal), 
called cacholong, and quartz, the attack by a 2 per cent. soln. of potash-lye at 85® 
for 5 hrs. was related with the amount of water associated with the chalcedony, 
as indicated in 'Fable VIII. Many other observations on this subject have been 

• Table VIII. - Action op Potassium Hydboxide on Quabtz. 


« Variety of silica. 

Sp. gr. 

Water. 

' Per cent. 

' Quartz dissolved. 
Per cent. 

Quartz (Rauria) 

2-613 

; 0-22 

7-23 

Chalcedony (Faroe) . 

2-691 

1-02 * 

42-30 

Cacholong (Faroe) . 

2-370 

1-36 

* 64-49 

Chalcedony (Weitondorf). 

2-608 

1-60 

76-02 


made— tndc supra, corrosion figures. It is not possible to estimate accurately the 
proportion of opal and quartz, in a sample of chalcedony, flint or ^hert, from the 
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.'iinount dissolved m alkali-lye in a given time, because fine-grained quartz is 
attacked at the same time. The attack by alkali-lye depends on the cone, of the 
soln,, the grain-size of the mineral, the temp., and time of action. Contradictory 
results have been published for the effect of, say, 10 per cent. soln. of alkali-lye on 
quartz because the effect of the size of grain has been overlooked. J. W. Mcilor 
showed that with^ sample of clear rock crystal, and a sample of flint from Dieppe, 
with a 15 per cent. soln. of potassium hydroxide : 

Average (Jiameter of grain 0166 mm. 0 032 mm. 

Rock crystal dissolved . 0*96 6’40 per cent, 

Flint dissolved .... 2*62 12*10 „ 

G. Lunge and M. Schochor-Tscherny found with a sample of powdered quartz after 
2 hrs.’ action, the percentage amount of quartz dissolved was: 

Potassium hydroxide soln. Sodium hydroxide soin. 

• 10 ptr cent. 6 per cent. 10 per cent. 6 per cent. 

Quartz dissolved . . . 21*36 * 16*84 19*80 16*20 

In 32 hrs. all was dissolved by a 15 per cent. soln. of potash-lye, and soda-lye required 
2 hrs. longer under similar conditions. F. Mylius and F. Forster confirmed the 
conclusion that the action of a soln. of potassium hydroxide on silica is quicker 
than that of sodium hydroxide. , 

J. A. Hedvall found precipitated silica was the only form of silica which 
reacted appreciably with calcium oxide at 1000°, though silica glass acts slightly ; 
the formation of a silicate occurred at 1400° with cristobalite, while quartz did not 
act so rapidly. The formation of a silicate with barium oxide was a})preciable with 
precipitated silica at 900°, and increased slowly with rise of temp. No sign of 
reaction was observed with magnesium oxide at 900°. According to K. Jordis and 
E. H. Ranter, aq. soln. of the hydroxides o! the alkaline earths react slowly with 
finely divided quartz, forming the corresponding hydrated silicates ; the systems 
were not in equilibrium after standing 16 days. The reaction is much faster with 
lime than with baryta or strontia — vide calcium silicates. According to K . Hebbeler, 
if kieselguhr be shaken up with water ; allowed to settle ; the clear water decanted 
off and replaced by lime-water ; and the lime-water lie renewed daily 14 times, the 
sediment expands to nearly three times its vol. in water. No calcium silicate is 
formed, but calcium hydroxide is deposited about the •kieselguhr, and can be 
removed by repeated extraction with water. The action of lime-water on silica 
was studied by J. W. Dobereiner, A. Petzhold^ etc. 

In making the so-called sand-lime bricks — used for building purposes— sand in mixed 
with milk of hmo ; pressed into the desired shape ; rapidly heated to 80" or 100" ; and then 
heated under a press, of from 5-10 atm. for 8 hrs. in an autodavo. The limo and quartz 
are thus bound together by a product which F. Binne behovt'd is analogous with plombtente, 
CaSi 03 . 2 H 20 , found by A. Daubr^e m the deposits from the thermal springs of Plombi^res. 
M. Glasenapp found that in any case, from 3 10 per cent, of the silica becomes soluble 
in acid, and this the more the higher the press, m the autoclave. The action of limo on 
silica in mortars has been studied by A. Petzlioldt. 


L. J. Briggs showed that the general behaviour of soln. of the alkali cafbonates 
resembles that of soln. of the alkali hydroxides, but adsorption is more marked 
with the hydroxides than with the carbonates. Using A and C wi^ the same 
meanings as before, with sodium carbonate : 


A ^ 0*0004 0*0012 

CxlO* .• . 0*06 0*18 


0*0032 0*0106 00366 0*108 
0*97 1*13 1 66 1*96 


and with potassium carbonate : 

‘a 0*0029 00093 

CX10‘ .... 0*46 0*76 


00302 0*0910 

1*65 2*4 


There have been differences of opinion as to the action of the alkali carbonates, but 
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here again the result is largely due to differences in the grain size of the powders 
submitted to the reagent. G. Lunge and M. Schochor-Tscherny found with a given 
sample after 2 hrs.’ action : 

Potjwaluin carbonate soln. Sodium cybonatc soln, ^ 

ISjicrceut. JO per cent. 5 per cent. 15 per amt. 10 per cent. 6perfent. 

, Quart/. (JiaKolved . U iO 6-9{) 6 36 10-92 ' 8-62 3'10 

With coarser powder the action is very considerably reduced. R. Schwarz found 
that with powdered quartz and tridymite, of similar grain size, half an hour’s boiling 
with a 5 per cent, sodium carbonate soln. dissolved 2’ 11 per cent, of quartz, and 
2’77 per emit, of tridymite— supra, corrosion ligures. The action of soln. of 
alkali carbonates on silica has been studied by G. Eorchhaminer, F. Pfaff, L. Doveri, 

T. Scheerer, 0. Maschke, etc. J. W. Cobb found that mixtures oj silica and sodium 
carbonate begin to react at about 7(X)'^, nearly 150° below the m.p. of the more 
fusible constitumjt of the mixture. For the* action of fused alkali carbonates, 
vide infra, alkali silicates. * 

J. W. Cobb found that sodium sulphate begins to react with silica between 
1120° and 1130°. J. M. van Bemmeleni^ investigated the adsorption of soln. of 
salts by silica, 10 grins. gelatinous silica dried at 100° in contact with a soln. of 20, 
50, and 100 mgrnis.eip of salt per 1(X) e.c. of soln., adsorbed respectively I'O, 2-5, 
and 4-5G mgrnis. cq. of potassium sulphate ; and with soln. containing 20 and 50 
mgrnis. eq. of salt per KKlc.c., respectively 0 9 and 2-U mgrms. eq. of potassium 
ni&ate, and 0-85 and 2’IG of potassium chloride were adsorbed. The quantity 
adsorbed is roughly projuirtional to the cone, of the soln., but with the more cone, 
soln. the amount adsorbed is less than corresponds with this relation. The 10 grms. 
of silica (iniployed by J, M. van Bemmeleii contained the eq. of 5‘5 c.c. of water, 
and he noted that the amount of salt adsorbed corresponds to a bodily removal of 
from 'l-4’5 c.c. of the soln. This suggested that when the silica was put into a 
soln., the water it contained was replaced by an equal vol. of the soln. G. C. Schmidt 
obtained results with })otas8ium chloride in agreement with those of J. M. van Bem- 
ni(‘len, and he concluded that dissolvinl substances are taken up by precipitated 
silica mainly in the form obgolid soln. rather than through adit>r})tion processes. 

A. Schuller biund that sodium chloride may be sublimed under reduced press, in 
quartz vessels. F. Seein^nn, J. W. Mellor, V. Lenhcr and E. Truog, and A. F. Joseph 
and J. S. Hancock studied the effect of sodium chloride on the solubility of silica. 

J. W. Mellor suggested that the il^Jubility of silica in soln. of sodium chloride 
is due to the formation of a sodium silicate. This suggestion was confirmed by 
A. F. Joseph and J. Hancock. 11. C. McNeil noted the solubility of silica in 
fused barium chloride. 

G. Spezia found that a 5 per cent. soln. of borax dissolved about 74 mgrms, 
per sq. cm. in 4 days from a polished plate of quartz between 290° and 315° under 
a press, of 70-106 atm. ; but virtually none was dissolved in 20 days between 
12° and 16° and 6(KX) atm. press. The action of borax soln. was also investigated 
by E. Schweizer, and L. Doveri vide supra, corrosion figures. G. Spezia also 
found analogous results with a soln. of sodium silicate, under a press, of 6000 atm. 
-there was virtually no action between 18° and 20°, and an appreciable action 
betweeu 165° and iUf —vidr supa, corrosion figures. C. Doelter has studied the 
solubility o! quartz in certain tuscd sUicatcs—sanidine, albite, and labradorite — 
and C. Friedel found that fused potassium bisulphate slowly attacks quartz, and 
produces corrosion figures which change their symmetry at & temp, corresponding 
‘ with the optical mutations at 570°. P. Hautefeuille studied 'the solubility of ' 
silica in fused sodium tungstate - e/de supra, 

A. Schuller found that silver sulphide and lead sulphide are readily sublimed 
in quartz vessels under reduced press. L. Troost and P. Hautefeuille fopnd that 
aluminium chloride and zirconium chloride have no action on heated silica. 
According to W. 8key, finely divided, feebly calcined silica decomposes aq. soln. 
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, if chromic, capric, or ferric acetate, and precipitates the hydroxide. Quartz also 
■ lecomposes ferric acetate soln. 

In 1664, J. E. Glauber, in his Novum lumen chymicum (Amstelodami, 1664), 
noted the reaction between sand and any alkali salt ; and in 1809, J. L. Gay Lussac 
and L. J. Thenard 22 observed that silica and SOdium chloride react to form hydrogen 
rhltTride and sodium silicate ; but in the absence of moisture, no reaction occurs 
even at a white heat. C. F. Schonbein made a similar observation. As previoush'* 
indicated ~2. 20, 13— sodium chloride is readily dissociated by steam at an elevated 
temp. F. de Lalande and M. Prud’homme, and H. Schulze noted that chlorine is 
also formed with dry oxygen ; and A. Gorgeu observed that there is a reaction 
between heated sodium chloride and silica in dry or moist air. The reaction has 
been further discussed by E. A. Tilghman, W. Gossage, E. Lieber, A. Blanc and 
T. P. Bazille, T. Williams, G. Fritzsche, H. Gruneberg and J. Vdrster, H. H. Lake, 
C. F. Claus, and A. Ungerer— 2. 20, 28. According to F. H. Clews and 
11. V. Thompson, silica and sodium ^jhloride when strongly heated interact to give, 
in dry air, sodium silicate and chlorine ; in? moist air, sodium silicate, hydrochloric 
acid, and a small quantity of chlorine ; in moist nitrogen, sodium silicate and 
hydrochloric acid. The lower temp, limit of the reaction is about (KK)", and the 
extent of the reaction is still very small at lOOtr. A rise in, temp, and the presence 
of moisture increase the velocity of the reaction. The results obtained by varying 
the proportions of sodium chloride and silica indicate that the area of contact is 
more important than the composition of the mixture, unless the proportion of 
salt falls much below 50 per cent. H. V. Thompson, W. J. Eecs, L. M. Wilson, 
and A. L. Findley, have studied the reaction from the point of view of the 
resistance of silica bricks to the fumes of alkali and ammonium chlorides when 
salty coals are employed in coke ovens, and vertical gas-retorts. The temp, in 
the former case is comparatively low, but the action is prolonged month after 
month, so that drastic changes can be produced under conditions where the elfects 
are inappreciable in ordinary laboratory experiments. According to F. H. Clews 
and H. V. Thompson, quartz is more reactive than precipitated silica or tridymite 
at ICXX)'". This does not agree with observations made in other directions. 
W. Lo\frenstcin measured the solubility of silica in molten calcium chloride, and 
found : * • 

800“’ 0(H)“ OSO’ 

Per cent. SiOj . . 2 5 3-8 * 5*4 7 6 

and he calculated the heat of sola, to be — 19,2®5. Therois a reaction, SiOg-f LaC’L 
=CaSi 034 ' L'lg. G. Marchal found that silica begins to react with calcium sulphate 
at 870°. , . 
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§ 20. The Uses of Silica 

* As pri'viously indicated, quartz was fused in the flame of the oxyhydrogen 
blowpipe by U. Hare,i in 1802 ; and lafer by E. D. Clarke, and others— supra, 
the melting of silica. In 1839. A. Uaudin noticed that the glass obtained by melting 
quartz does not exhibit double refraction, and he also showed that the molten 
quartz can be worked like glass, and he made threads of fused quartz over a metre 
long. A. Gautier exhibited spiral threads of fused quartz in 1878. C. Despretz, 
and C. A. Parsons fused silica by passing an electric current through a carbon rod 
embedded in sand, and thus obtained a hard fused silica tube. No industrial use 
, for quartz-glass had been, found until C. V. Boys, in 1889, showed that the low 
coofl. of thermal expansion, and the toughness of quartz-glass fibres rendered it a 
valuable means of suspending the magnets and mirrors of galvanometers. In 
1901, R, S. Hutton, and W. A Shenstone prepared quartz-glass, and laid the 
foundation of an industry for the manufacture of vo.sse]s of vitreous quartz. Various 
names are applied to the vitrified quartz— thus, quartz-glass' vitreous-silica, fused 
quartz, silka-glms, vitreosil, etc. Vessels made of this material— tubes, flasks, 
retorts, dislics, etc. -can now be used for various apparatus required in laboratory 
or factory. 

The manufacture of vessels of quartz-glass oilers many difticulties, Eor 
(example, the elimination of air entangled between the grains during fusion is not 
easy. In W. C. lleraeus’ - process the quartz is first lu'ated to nearly GOO'* so as 
to shatter it up into s\nall pieces. The fragments are then fused in crucibles — 
made from iridium, or a mixture oj^ alumina ami zirconia. Small quantities of the 
material can be worked in the oxyhydrogen flame like glass in the ordinary gas 
blowpipe. In another type of silica ware, an electrode of the desired shape is 
embedded in good quartz sand, and heated electrically. The material near the 
electrode is sintered together ; that furthest away is not fused. The electrode is 
removed when the furnace cools, and a vessel with an internal shape like the electrode 
remains. The vessel can be dressed by grinding, etc., and the inner surface can be 
vitrified by the oxhydrogen blowpipe. This ware is translucent or opaque, and 
permeated with numerous air-bubbles. In order to eliminate air-bubbles the British 
Thomson-Houston Co. fuses the quartz in vacuo, and compresses the plastic mass. 

Th(* trade name for a product obtained by fusing silica with 0-1-2 per cent, of 
zirconia is called Z-sihxide ; and if titania is used, T-siloxide. F. Thomas ^ states 
that theses products are less liable to devitrification than vitreosil, or quartz- 
glass, but A. C. Michie denies this, and claims that these additions make quartz- 
glass more liable to devitrification. F. Thomas also clajms that the siloxidea 
resist attack by alkalies and molten metals better than quartz-glass. 

In virtue of its very small coel!. of thermal expansion, vessels made from quartz- 
gljiss can be rapidly cooled or rapidly heat-ed without cracking ; for instance, a 
flask made of quartz-glass can be heated red-hot in the blowpipe, and immediately 
plunged into cold water without fracture— ordinary glass under the ^me con- 
ditions would shatter into fragments. The softening temp, approac’hes 1600®, 
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although long pyrometer tubes, if not adequately supported, will bend if heated 
to 1200®. This might be anticipated since, quartz-glass — like ordinary glass—is 
an under-cooled fluid, which, at ordinary temp., is viscid enough to be rigid and 
liard, but which, on heating, becomes less and less viscid. Lord Rayleigh detected 
evidence of a crystalline structure in a specimen of quartz-glass. The absence of 
,a definite m.p. also explains the discrepancies between the different reports of the 
m.p. of quartz-glass* Quartz-glass has no real melting temp. If heated for. 
long periods — say at 1200® — quartz-glass devitrifies owing to the formation of 
crystals of cristobalite or tridymite (Fig. 26). The glass then becomes opaque, 
brittle, and doubly-refracting. Vessels made of quartz-glass also cease to be gas- 
tight.f* The crystallization introduces tremendous strains in the body owing to 
the contraction which takes place about each centre of crystallization. The 
sp. gr. of the opalescent or devitrified glass approaches 2*3. The properties of 
quartz-glass — physical and chemical — have been described in connection with 
those of silicon dioxide. , ' 

Sandstone and quartzite are used for building stones, grinding stones, whet- 
stones, runners and pavers for grinding pans, etc. In making firebricks, ground 
sandstone, ganister, quartzite, or a similar rock is intimately mixed with a little 
milk of lime so as to add a total of say 2 per cent, of calcium oxide. The mixture 
IS moulded into bricks, and fired to 13(X)®-1500®. The resulting ganiMer bi'icks^ 
silica bricks, or Dinas bricks are highly refractory — in some cases withstanding 
furnace temp, approximately 1700°. This is higher than the fusion temp, of the 
bricks. The bricks maintain their form because the high temp, affects only the . 
face of the brick ; the bricks are cooler short distance from the face. Instead 
of lime, other binding agents are used — e.g. clay, basic slag, etc. The siliceous 
rock may be associated with enough clay to render further additions unnecessary. 

If the silica bricks are inadequately fired, they may expand inconveniently in use ; 
this is due to the slow conversion of quartz into forms of sibca with a low sp. gr. 

A little expansion is not a bad thing, for it may help to keep the joints of flues, etc., 
tight. Quartoae sands, ground flint, ground quartzites, and the like are also used 
in the manufacture of soaps, white paints, polisliing powders, soluble glass, cements, 
(‘namely, glazes, glass, and in the ceramic industries. 

Many of the gem varieties of quartz are shaped into ornaments and gem-stom's. 
Diatomaceous earth or kieselguhr — wrongly called infusorial earth — is used as a 
polishing powder, and in the manufacture of soaps as a* substitute for pumice- 
stone. The absorbent properties of kieselguhi^are utilized for the preparation of 
solid disinfectants by the absorption of liquid antiseptics for the dry dressing of 
wounds ; and for the absorption of bromine, sulphuric acid, and nitroglyccrol. 
Kieselguhr soaked in nitroglycerol is ‘called dynamite. The poor heat-condbeting 
qualities of diatomite make it a valuable insulating and fireproof packing for 
heating furnaces, powder magazines on board ships, cold storage rooms, etc. Diato- 
mite bricks are also very light and porous, and are poor conductors of sound. 
K. Hebbeler » has discussed the increase in vol. which occurs in sedimented kiesel- 
guhr when the water is replaced by lime-water— supra. Silica was found by 
C. H. Milligan and co-workers ^ to be a better catalyst than either thoria or titania 
for esterification reactions in the vapour phase. W. A. Patrick described the prepara- 
tion of silica hydrogels as catalysts when fortified with various metal colloids as 
promoters ; and J. N. Pearce and A. M. Alvarado, the effect of silica as a Catalyst 
in esterification. 
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§ 21. Silicic Acids or Colloidal Silica 

Colloids and crystalloids appear to belong to different worlds of matter, and give 
occasion to a corresponding division of chemical science. The distinction between those 
kinils of matter is that subsisting between the material of a mineral and the material of an 
organized mass. — T. Graham. 

* • 

The natural forms of amorphous hydrated silica are classed as opals— vt'de 
suj^a, the occurrence 0 ^ silica. The gelatinous masses obtained by tri'ating with 
acids soluble alkali silicates, zeolitea,^and many other natural silicates, arc sometimes 
called silicic acids. The history has been discussed by P. Walden, ^ and K. Fnihling, 
According to L. Doveri,2 when hydrochloric acid is added drop by drop to a soln. 
of an alkali silicate, the greater part of the contained silica is precipitated as hydrate, 
but if the same quantity of acid be added at once, very little of the silica is deposited. 
T. Graham prepared the hydrogel o! silicic acid by pouring cone, hydrochloric acid 
into a cone. soln. of sodium silicate containing about 25 per cent, of silica, SiO^, 
and washing the precipitated silica free from soluble salts. H. A. Fells and 
J. B. Firth said that the removal of the sodium chloride before or afttr heating 
makes no material difference to the adsorption capacity of silica gel for water. 
The hydrate was made by F. C. Kuhlmann, F. Ullik, P. Rohland, E. Jordis, 
W. Kuhne, J, M. van Bemmeleii, F. Bayer, A. Patrick, P. G. Somerville and 
E. C. Williai^ns, F. X. Govers, B. Kiihn, J, H. Frydleuder, etc. E. Jordis said that 
the precipitate is finer and more flocculent the greater the dilution of the soln., 
and that in this state it can be readily w’ashed. The following process may be 
employed : ' * , 

Dissolve 60 grms, of commercial precipitated silica in a soln. of 12 grms. of sodium 
hydroxide and 60 0.0. of water. DiL the soln. to 200 c.c. and heat the liquid to about 
100® ; add hydrochloric acid. Wash the precipitate on a Buchner’s funnel with hot water. 
Again stir up the hydrogel with hot water, and wash on the funnel until free from 
oldorides. Sodium sdts are more easily washed from the silica than potassium salts. 
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J. J. Berzelius obtained the gel by treating silicon tetrafluoride with water 
(', J^anglois used silicon tetrachloride; J. J. Ebelmen, ethyl orthoailicate | 
K. Grimaux, methyl silicate. B. Kempe considered the hydrolysis of ethyl ester 
to be too slow a process. A. C. Becquerel also observed the formation of gelatinous 
silica about the positive pole when a soln. of potassium silicate was electrolyzed ; 
and M. Kroger found that by the electrolysis of a 1*5 per cent. sohi. of water-glass 
between a merculy cathode and a platinum anode a clear hydrosol of silicic acid 
which did not gelatinize for 4 weeks collected in the anode compartment ; the sol 
from a 6 per icent. soln. of water-glass gelatinized immediately it was formed ; 
and with a 30 per cent, soln., silica was deposited on the anode. J. F. Spencer 
and K. Proud made orthosilicic acid by the electrolysis of a 50 per cent. soln. of 
sodium silicate in a divided cell with a heavy anode current-density. A platinum 
dish served as cathode, and a coil of platinum wire in a porous pot served as anode. 
The glass-like deposit on the platinum wire was entirely insoluble in water, and 
stable in air. H. C. A. Holleman \ described the manufacture of silica g(il for use 
as an adsorbent. . 

By adding 100 c.c. of a mixture of equal parts of cone, hydrochloric acid and 
water, slowly, drop by drop, and with constant stirring, to a soln. of water-glass, or 
to a soln. of 60 grms. of sodium metasilicate in 200 c.c. of water, silica hydrosol or 
soluble silica is formed. The silica hydrosol remains in soln. along with the excess 
of hydrochloric acid and the sodium chloride formed in the reaction: Na2Si03-f 2HC1 
r^H2Si034-2NaCl. The hydrochloric acid and the sodium chloride can be separated 
from the hydrosol by dialysis (Fig. 51). T. Graham found that after four days’ 
dialysis, the liquid in the dialyzer was no longer rendered turbid by a soln. of 
silver nitrate. E. Jordis, on the contrary, maintained that the chlormc is a con- 
stitutive part of the silica in soln., but R. Zsigmondy 
and R. Heyer confirmed T. Graham’s conclusion 
that the chlorine can bo all removed by dialysis ; 
and, in order to ensure rapid dialysis, the dialyzer | j|) 

illustrated in Fig. 51 can be used in place of the y — ^ 

simpler form used by T. Graham. In the improved 
apparatus a current of water is kept circulating about ^ 
the outside of *tho dialyzing membrane. The** ,1 1 

dialyzing surface is also relatively great, so that j ? 

the operation is much quicker than before. The 
liquid in the dialyzer is protected from dust by^ plug ^ 
of cotton wool. Acetic acid (E. M, Plessy), oxalic ^ 
acid (E. Monier), and sulphuric acid (S. Meunier) have 
been used in place of hydrochloric a lid. Hydrosols ' 

of silica have been obtained in many other ways. The dialysis of colloidal silica 
has been discussed by R. Zsigmondy. PI. Grimaux prepared the hydrosol by heating 
8 grms. of methyl orthosilicate with 200 grms. of water in a flask fitted with a reflux 
condenser ; concentrating the liquor to about three-fourths its vol. ; and evaporating 
off the alcohol. The preparation of sih’ca hydrosols has been investigated by 
W. Spring, E. Ebler and M. P’ellner, etc. E, Jordis studied the formation of 
hydrosols by the peptization of the hydrogel. E. PWmy reported the formation 
of a hydrosol of silica by the action of water on silicon sulphide, SiS^ ; hydrogen 
sulphide gas is evolved at the same time : SiSg-f 2H20-^2H2S-f-Si02;i J. J. Ber- 
zelius made the sol vby the action of silicon fluoride on crystallized boric acid, and 
removed the boron and fluorine compounds by treatment with a largo excess of 
aq. ammonia. X Bradfield removed the excess of precipitant used, in making 
silicic acid by means of the centrifuge ; F. Bayer, by pressure ; and G. Bruni, 
and B. L. Vanzetti, by freezing. R. Schwarz prepared sols of silicic acid by 
evaporating a soln. of silicic acid in ammonia over dil. sulphuric acid. 

The hydrosol of silica obtained by dialysis has about 6 per cent, of silica, and 
it can be conc^ by boiling in a flask until it contains about 14 per cent, of silicic 
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acid, but if boiled in an open flask a ring of insoluble silica forms round the margm 
of the liquid, and this soon causes the whole to gelatinize. The pure silica sol 
so prepared is a limpid colourless liquid which gelatinizes, or assumes the hydrogel 
condition, on standing a few days. The longer the sol has been dialyzed the longer 
it may be kept without gelatinizing. The passage of silicic acid from the sol to 
the gel condition is retarded by the presence of a little hydrochloric acid, or alkali 
hydroxide, and is accelerated, by a little sodium carbonate, or by contact with 
powdered, inert solids, say, graphite. Dialyzed or soluble silicic acid does not give 
a luminous beam with Tyndall’s optical teat, showing that the dissolved particles 
arc not large enough to scatter light. J. H. Bcchhold filtered the sol through the 
so-called colloid filter of biscuit earthenware. The first sign of the coagulation 
of the soln. appears as a feeble opalescence in the track of the beam, and this 
gradually increases in intensity. C. F. Behringer obtained highly dispersed sols 
of, silica by treating silica or other silicon compounds with ammonia to form 
ammonium silicate and subsequently expelling ^^he ammonia by heat. The coarser 
particles can be removed by ultrafiltrrft-ion or dialysis. M, Kroger described the 
preparation of silica hydrosol. 

Silicic acid gels were prepared by H. N, Holmes ^ by the action of various acids 
on soln. of sodium silicate of different cone. He measured the effect of temp, and 
the effect of the cone, of the acid on time of gelatinization. While W. Flemming 
found the rate of gelatinization depends «n the cone, of the silicic acid, the temp., 
and the catalytic effect of acids or alkalies, 11. N. Holmes showed that the dehy- 
drating influence of non-ionized molecules of the acid is of im})ortancc. It may 
hap])eti that precipitates of gelatinous silica prepared in a particular way, or dried 
at a particular t(‘mp., have a definite composition, but each of the compounds 
so reported represents an arbitrarily selected point on a continuous curve. Thus, 
according to 0. Maschke, if the precipitate be dried in air, it contains from 13 to 
30 per cent, of water— the two extremes thus approximate with 2 Si 02 .H 20 and 
Si() 2 . 2 H 2 () respectively ; and, according to E. Jordis, silica precipitated from dil. 
soln. of water-glass contains about 04 per cent, of wat<‘r. F. llllik dried gelatinous 
silica in air and found that it approximated to Si02.H20. H. Meldrum said that 
only the hydrate dried over, cone, sulphuric acid has a definite composition, viz. 
3Si()2.H20. J. N. von Fuchs* found a sample precipitated by passing silicon tetra- 
fluoride into water, contained 0'l-9'6 per cent, of water after drying over sulphuric 
acid for 30 days, and thus corresponded with 3Si02.H20 ; and E. Fremy found 
that when dried in vacuo, the hyd^rate corrc8})onded with 3Si02.2H20. V. Merz 
found that the freshly prepared, and aged silicic acid lost water at different rates. 
Thus, I hi' [lercentage water-contents at different temp, was : 

flO* 70" 80" o6'" 100" 130" 100“ 200* 

Afied . 8-9G — 7‘4ti (i UO 0 24 — — 3*37 

Fresh . -- 6»3 — 4*04 4*26 3*6 3*0 ~ 

J. Gottlieb found that after 4 to 5 weeks’ drying in a current of air at 100°, 
a sample contained 4*47 per cent, of water ; after drying in an air-bath between 
180° and 200°, 4*19 per cent. — this result was taken to correspond with the hydrate 
GSiOa-HjO ; L. Doveri also found that the product, dried slowly in air at 100°, 
contained 8*3-9'4 per cent, of water ; at 120°, only a trace of water. J, W. Mellor 
showed^thij: the rate of dehydration of silica precipitated by acid from cone, and 
dil. soln, of sodium silicate, is faster in the latter case : 

Time at 800° (nun.) ... 2 10 20 30 

T ti n jfrom cone. soln. 1*60 4*26 ' 6*72 6*18 

Loss 4-49 9.45 ‘ g .72 10*04 

L. Doveri’s product dried over quicklime in vacuo was represented by 3Si02.2H20 ; 
W. K. Sullivan’s product, obtained by adding hydrochloric acid to a soln. of basic 
potassium silicate and drying the gelatinous mass in vacuo, or in dry air, ‘was also 
represented by the same formula ; when dried at 100°-120°, SSiO^.HgO was said 



SILICON 


293 


to be iormed. A. Souchay, J. J. Ebelmen, and H. Rose also made observations 
on this subject. E. Jordjs said that the 'silicic acid which separates from dil. 
water-glass soln. contains 94 per cent, of water. Most, if not all, of these hydrates 
are but arbitrarily selected states in a continuous series between the sol of silicic 
acid and dehydrated silica, and are represented by arbitrarily selected points on a 
continuous drying curve. According to T. Carnelley and J. Walker, the dehydration 
or time-temp, curve shows a terrace just below 100*^, but is otherwise continuous*. 
A similar terrace is characteristic of many other colloids. B. L. Vanzetti dehy- 
drated silica gels by evaporation and freezing. There was no evidence of the forma- 
tion of definite hydrates. The composition of the product depended on the initial 
cone, of the soln. and the age of the gel, and not on the temp, of freezing down to 
— 200 °. R. Schwarz and F. Stowener inferred from their observations on the effect 
of ammonia on silica gels, that the ageing consists of a dehydration of primary 
particles which originally held much water, and in a strictly chemical sense, it is 
probable that dehydration or poly'Aierization also occurs. 

In analysis, the soln. containing the silica which separates when tlie silicate is treated 
with an acid, is evaporated to dryness wdth the object of making it insoluble, and the product 
is baked at 110“. The product is digested with water or dil. acid, and tlu' soliibh' matters 
containing calcium, magnesium, and aluminium oxides, etc., Ihltered off. 'Hie residue, 
.silica, is washed and dried. The higher the temp, and the longer the time of drying, the 
kvss the amount of silica which pas.ses into solli. There is a limit to the temj). of dosiecation 
on account of the recombination of silica with the bases. W. K. Hillebrand, for instance, 
show'od that magnesia and silica, under these conditions, comhino at about 120”. A 
second evaporation of the soln. is therefore recommended to recover that which passes 
into soln. in the extraction after the first evaporation. This subji'ct has bt'on fully 
discussed by J. W. Mellor. 

. According to T. (jlrahain,^ C. Roberts, etc., if a clear soln. of dialyzed silicic 
acid be evaporated in vacuo at 15 ’, a clear trans])arent jelly is (iblained which, 
when dri(*d over sulphuric acid, has approximately the composition H2SiO;^, that 
is, 8i02.H20, or SiO(OH)2, and it has been called metasilicic acid. According to 
V. C. B*utzureanu, an acid of the same composition is obtained by treating gelatinous 
silicic acid with a])soliite alcohol. W. K. Sullivan mjjde this hydrate by exposing 
hard, semi-translucent silica to dry air for some mont*lis ; and J. J. Ebelmen rnade 
it as a glass-like mass by exposing silicic ether to moist air, D. Hayes obtained 
a crystalline mass, approximating 8i02.6H20, in the evaporation of sugar soln. ; 
but C. Doelter observed no signs of crystallization after shaking the hydrogel for 
many months. T. H. Norton and D. M, Roth obtained a hydrate ajijiroximating 
to the composition of orthosilicic acid, H4Si04, that is, Si()2.2H20, or Si(OH)4, 
by washing gelatinous silicic acid suftcessively with dried ether and benzene, and 
by squeezing the product between folds of filter- paper. The product loses water 
when exposed to air, and also in contact with absolute alcohol, or some other 
absorbent medium. H. Hager claimed to have prepared microscopic crystals of 
the hydrate Si02.3H20, or Si02.4H20, by tfie action of cone, hydrochloric acid on 
a siliceous limestone. C. Struekmann also reported the formation of crystalline 
needles of a hydrated silica. These results have not been confirmed ; the, nearest 
approach which F. Cornu could make was to produce “ regularly oriented cracks ” 
when gelatinous silica, derived from many zeolites, contracted on drying. 
E. Griraaux assumed that the hydrosol was orthosilicic acid which whert gelatinized 
passed into a more complex mol. Nothing is known which precludes the existence 
of definite crystalline, forms of silicic acid, although their existence has not beep 
established by unimpeachable evidence. Like sulphurous and carbonic acids, if 
the silicic acids are formed, they probably dissociate so readily into water and 
silica that, as emphasized by V. lienher and others, there is no satisfactory evidence 
for assuming the existence of definite hydrates. In any case, it is almost certain 
that in hydrogel, the water is not chemically combined with the silica, and the 
so-called silicic^acids are to be regarded as adsorption products. Be this as it may. 
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a large number of compounds of silica with basos—silicates— -are known— i large 
number occur in nature as distinct mineral species, and many others have been 
prepared artificially. These salts can be referred to unknown silicic acids, derived 
by condensation and dehydration from orthosilicic acid, and called by A. Wurtz ® 
ks acides jMlysibqnfS. , 

Many of these silicates arc salts of orthosilicic acid, E. Mactin has assumed 
fhat in the normal silicon hydroxide, Si(0H)4, two of the hydroxyl groups are basic, 
and two are acidic at low temp., while at higher temp, all are acidic.. Combination 
between molecules of silica may occur through oxygen, but never directly. With 
these hj^pothese-s, E. Martin has cx[)lain(‘.d the behaviour of silicic acid, prepared 
in different ways, towards acids, water, and alkalies. He claimed that there is a 
ttmdency to form groups of bSiO.^. When calcium silicate, made by heating at 
1200'^, a mixture of calcium carbonate, and silica (2:1), is dissolved in acetic acid, 
and the lime nunoved by ammonium oxalate, there remains a soln. of silicic acetate. 
This slowly hydrolyzes, forming a hydrated silica^>Si02.4H20, if dried in a desiccator, 
or SSiOy. 2110.2, if dried at 10()'. Hydrated silica prepared by treating calcium 
silicate with hydrochloric acid, has the composition 5Si0.2.2H20, if dried in a desic- 
cator, and bSiO^.HjjO if dried at 100'’. He also reported 10Si02.5H20, or 
(H2iSL05)5, and bSiOj.^LO, or (H2SiO;{)5 R. Schwarz and E. Menner'^ have 
dehy<lrated silicic acid by means of acetone and shown tliat metasilicic acid, 
H2Si()3, is stable below 15’. Silicic acid* made by the action of 80 per cent, sul- 
phuric acid on sodium rhetasilicate at 10'’, shows detinite breaks in the drying 
curve at 20’, corresponding with mesodisilicic acid, H2Si2()5, and mesotrisilicic 
acid, HjSijjOjj ; the former is indicated below under the jiarne datolitic acid, and 
the latter as garnatio acid. Me.sotri.silicic acid is not stable above 32’. There 
wer(' also indication.s of the possible (‘\istence of two liydrates, 12Si02.10H20, or 

mesohexasilicic acid, H|()SicOi7, and l2Si02.9H2(), or mesotetrasilicic" acid, 

H(j8i ^( )| I . Kor t he nomenclature, ride infra, Table X. 

F. Rinne found that the silicic acid obtained by treating zeolites with acids 
has a d(!finite structure, and is doubly refracting ; while E. Jordis .showed that the 
silicic acids dorive<l from the diltcrent alkaline earth silicati's have dif)er(vit ten- 
dencies to pas.s into the so^ condition. Acc(>rding to G. T.soln'rmak, different 
silicic acids -G. Tschermak’s silicic acids -are obtained })y treating c('rtain natural 
silicates with hydrochloric acid, and the.se acids may b(^ regarded as the fundamental 
acid of the particular silicate in (piestion. G, T.schermak pre])ar(‘d thi'se acids by 
treating the powdered silicat(* with'hydrochloric acid at about GO ' ; washing the 
liberated silica hydrates ; and allowing the product to dry slowly in air. The slope 
of the.curve, showing the relation between Jhe loss of weight and time, changed 
abru])tly at a certain temp, which G. T.schermak suf)po.sed represented a transition 
from the evaporation of adsorbed water to dehydration by the loss of chemically 
combined water. G. Tsehermak further supposed that at the transition temp, 
the composition of the hydrated silica corresponded with that of the mineral re 
garded as a salt of the acid. The supposed acids were further distinguished by 
thtnr behaviour towards methylene blue— Saida's reaction -ior those acids 
richest in water were found to be coloured more intensely than acids wdth less water. 
V. Iskyiil studied the solubility of silica in many minerals. According to 
G. Tsclv^rmak : 

9 

(1) Orthotiilicic acid, is obtained by the decomposition of silicon tetrachloride 

by water, and by the action of hydrochloric acid on orthoailiqatcs— natrolite, diplase, 
Bcolezite, willoinite, montieellite, calamine. Its sp. gr. at 17“ is 167tJ, and it is coloured 
bluish-htoclc by methylene blue. (2) Metasilicic acid, lIjSiOj, is obtained by the action 
of hydrochlorio »vcid on anorthite, olivine, or liovrite. Its sp. gr. is 1813, and it is coloured 
prussian-blue by methylene blue. (3) Datolitic acid, HjSi^Oj, is obtained from datolite, 
gadolinite, euclase, and homilite (»■♦(/<’ supra). It has a sp. gr. of 21 97 and forms a light 
prussian-blue tint with methylene blue. (4) Lcucitic acid, H 48 i, 0 „ is a polymer of 
metasilicic acid obtained from leucito. Its sp. gr. is 1-834, and it is coloured pale prussian- 
blue by methylene blue. (6) Serpentinic acid, H,Si,Ou, a polymer of leucitic acid, is 
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obtained from serpentine, bowenite, or antigorite. Its sp. gr. is 1-809, €md it forma a 
light prussian-blue tint with methylene blue. It does not gelatinize like metusilicio aeid. 
(6) Qamitic acid, H 4 Si 308 , derived from grossular, epidote, zoisite, or prenite (vtdc supra). 
It has a sp. gr. 1-910, and it is stained pale or light blue by methylene blue. (7) 
acid, HjSisO,, is obtained from albite. It has a sp. gr. 2*043, and it is not coloured by 
methylene blue. (8) Pedoliiic acid, HjSi jO,, is derived from pectolito or wollastonite. It 
is ftot stable when isolated. Its sp. gr. is I -810-1 -810. It forms a deep prussian-bluo 
tint with methylelie blue. (9) Sepiolitic acid, HaSijO,, is obtained from meerschaum. 
Its sp. gr. is 1*763, and it forms a prussian-blue tint with methylene blue. (10) Vhryaotyhc 
acid, H,0Si4O|j,^i8 derived irom chrysotyle or serpentine asbestos. Its sp. gr. is 1-725 (17^*), 
and it forms a prussian-blue tint with methylene blue. (1 1) Harmotomic acid, HgSijOji, is 
derived from harmotoine, and it forms a pale blue with methylene blue. (12) Umlanditic 
acid, HioSijOi7, is derived from heulandite, and it forms a pale prussian-blue with 
methylene blue. 

J. M. van Bemmclen doubted if these silicic acids are chemical individuals ; 
and H. le Chatelier said that no change in the appearance or consistency of gelatiupus 
silicic acid could be detected after’heating 6 hrs. at 320° ; and he concluded that 
silica, like chromic trioxide, does not fornf hydrates, but on account of its insolu- 
bility remains in an extremely fine state of subdivision when precipitated. Accord- 
ing to E. Jordis, the work of J. M. van Bemmclen on the vap. press, of the gels of 
silica shows that the amount of water in a gel is proportional to the partial press, 
of the water in the surrounding atm. 0. Miigge has shown that the differences in 
the rates of drying observed by G. Tsthermak depend on the temp. ; and the 
observed changes cannot bo supposed to differentiate between absorbed water and 
chemically combined water, and they give no basis for the deduction of the formulie 
arbitrarily assigned by G. T.schcrmak. As J. M. van Bemmclen has shown, silica 
hydrogels are colloidal absorption compounds of indefinite comjiositiou, and 
changes in the rate of dehydration, and the effects on methylene blue arc pndiably 
due to changes in the mechanical structure of the hydrogel brought about by the 
gra<lunl removal of water. J. yplichai found that the character of tlie silicic acid 
depended on the nature aud cone, of the acid employed for decomposing the silicate. 
P. Pascal found that the silicic acids behave magnetically like mixtures of the 
anhydrous oxide and water, aud lend no support to the assumption that definite 
silicic acid.s exist., .1. S. Anderson obtained no evidenpe of the formation of definite 
hydrates in his study of the adsorption and evolution of liquids from silica gels. 
H, N. Holmes studied the formation of gel .•silicic acids. Consequently, the real 
existence of G. Tseherniak’s acids ha.s not been satisfactorily established, but the 
idea may have some uses in developing a system of classification of the silicates. 

E. Mylius and E. Groschuff ® have shown that if, at 0°, the eq, of two mols 
of hydrochloric acid be added to a soln. containing one mol of sodium silicate, 
Na 2 Si 205 , with the eq. of 2 grms. of ’silica per KXJ c.c., the resulting a-silicic add 
does not precipitate albumen from a soln. containing the wdiito of an egg ; but on 
standing some time, or on warming, the a-silicic acid acquire.^ the property of 
precipitating albumen. It is therefore considered that a-silicic acid passes into 
^-silidc add. The jS-acid is also precipitated by methylene blue and by sodium 
hydroxide. 'Fhe electrical conductivity and the lowering of the f.p. change in the 
passage of a-silica to the )3-acid. The a-acid gives results which cofrespond 
with a mol. wt. of 155 ; the j3-acid with a mol. wt. approaching 49, (KX). Conse- 
quently, the transformation is considered to be due to a polymerization of the 
a-acid. T. Graham concluded that ihe molecular weight of colloidal^ silica must 
be very great beilause its acidity is neutralized by such small proportions of alkali, 
and A. Sabanejeff concluded from the lowering of the f.p, that the mol. wt. of silicic 
acid must exceed 30,000. The attempt to determine the mol. wt. of colloidal 
suspensions by osmotic press, phenomena is quite illogical because the whole 
argument on which the methods are based, is alone applicable to homogeneous 
sola, aqd not to homogeneous suspensions. R. Schwarz and 0. Liede conclude 
from the behaviour of silica gel when slowly dried at ordinary temp., that the ageing 
process consists in the condensation of (Si 02 )« to (Si 02 ) 2 c, and that this occurs 
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without any change in the appearance of the gel ; further changes in the system 
Si 02 -H 20 then occur, leading to the formation of ( 8102 ) 3 *, which is indicated by 
the incipient formation of cloudy particles in the colourless, transparent mass. 
Precisely similar phenomena are observed when the gel is dehydrated by being 
heated, but, for some unexplained reason, a much greater loss of water appears to 
be necessary in this case before the end-point is reached. A. Schjyarz and 0. Liede 
•obtained j3-silicic acid by passing silicon tetrafluoride into boiling water. The 
product dissolved less readily in hydrofluoric acid, sodium hydroxide soln., or aq. 
ammonia than the ordinary a-silicic acid. From the conductivity o*f the ammonia- 
cal soln., they regarded it as a polymerized form analogous to jS-stannic acid. 

T. Graham ^ said that the hydrosol is coagulated on standing, and this the 
more <juickly, the more cone, the sol, or the higher the temp. This was confirmed 
by W. Flemming. T. Graham found that a 12 per cent, sol at ordinary temp, 
was coagulated in a few hours, while 5-6 per cent, sol required 5-6 days, a 2 per 
cent, sol required 2-3 months, and a 1 per •ent. sol required 2 or more years. 
According to 0. Maschk^, the coagulation of thc! sol in glass vessels is largely deter- 
mined by the dissolution of alkalies, etc., from the walls of the containing vessels. 
According to K. Jordis and co-workers, T. Graham’s observation that the longer the 
silicic acid is hydrolyze^ the more stable the product, is explained by the increase 
in the amount of alkali derived from the glass. Thc contradictory reports are in 
some cases duo to the presence of unsuspected impurities. E. Jordis and co- 
workers concluded that T. Graham’s hydrosol is contaminated by acids or bases, 
and E. Grimaux’s hydrosol is contaminated with organic matter. When the sol 
is dried over sulphuric acid in vacuo, T. Graham found that the insoluble residue 
contained 21*99 per cent, of water; and C. Roberts, 24 per cent, of water. 
W. Kuhno found that T. Graham’s hydrosol is not coagulated by alcohol, glycerol, 
sugar, gum, or caramel ; alumina hydrosol, ferric oxide hydrosol, gelatine, albumen, 
and casein were found by T. Graham to coagulate silica hydrosol. W. Kiihnc, 
and B. Kempe found that silica hydrosol is not gelatinized by salts with an alkaline 
reaction, by alcohol, ammonia, sugar, albuminosc, glycerol, peptoqe, and alkali 
albuminates, but it is gelatiiiiz(‘d by glue, and by neutral salts. F. Dienert and 
F. Wandenbulcke discussed ^the effect of dissolved salts on the, colloidal s*ilica in 
natural waters, and sea-watei^ 

According to L. F. Werner, acids have a very pow^erful peptizing effect upon 
the hydrosol of silicic ^cid. In the case of the strong acids, this effect is most 
marked at a medium cone. Alkalies also have a strong peptizing influence ; the 
effect is greatest for juedium and low cone, for the highly ionized bases, and in the 
case of the slightly ionized bases thc effect is great in all but the lowest cone, tried. 
Salts liavo no effect in presence of acids, but iti the presence of bases the congealing 
effect is hastened. Potassium salts of several negative radicles decreased the time 
required for gelation. The chlorides of various metals, with the exception of ferric 
and cupric chlorides, decreased the time of gelation. Sodium hydrophosphate 
and dihydrophosphato have strong congealing powers, but normal sodium ortho- 
phosphate has the opposite effect. The di- and tri-sodium citrates accelerate the 
setting greatly, the effect decreiwting with the cone. ; but, in the ease of the mono- 
sodium salt, the time for setting is thc same for all cone. The acetates of the various 
metals have the greatest congealing effect (excepting that of mercury). Inorganic 
salts produce but little effect. The alkali salts of the organic acids produce powerful 
accelerating effects, except the carbonates and bydrocarbonates, which have»a 
peptizing effect in soln. of medium to low cone. ’ F. Dienert and F. Wandenbulcke 
found that alkali carbonates accelerate the flocculation of colloidkl silica, and salts 
with an acidic reaction like aluminium sulphate hinder the change. J. Amar found 
the velocity of coagulation to be proportional to the lowering of the surface tension 
by the coagulant. 

According to W. Flemming, silica hydrosol is coagulated by graphite *powder, 
and by alkali and alkaline earth carbonates ; hydrogen and hydroxyl ions have a 



SILICON 


297 


catalytic effect on the rate of coagulation, for as the cone, of hydrogen ions increases, 
the coagulation is first retarded and then accelerated ; as the cone, of hydroxyl 
ions increases, the coagulation is first accelerated and then retarded. As shown 
by T. Graham, silicic acid is readily peptized by sodium hydroxide and ammonia, 
but it adsorbs lime from suspended calcium carbonate ; is precipitated l)y calcium 
hydroxide, and bjisic dyes ; and is coagulated by soln. of carbonates of the alkalies 
or alkaline earths. T. Graham said that his sol was coagulated by carbon dioxide, 
while H. Kuhn said that this agent does not coagulate the silica sol derived from 
silicates ; nor was E. Grimaux’s hydrosol coagulated by carbon dioxide. The 
reaction has also been studied by W. Flemming, E. Jordis, etc. H. Kiihn found 
that the sol is coagulated by the electric current or by freezing, and by alcohol, 
or sulphuric acid. A. Lottermoser, and N. N. Ljubaviu also found the hydrosol 
precipitates most of the contained silicic acid when frozen. F. Iloppe-Seyler 
showed that the sol is coagulated by schizomycetes fungi, N. ?a])padd and 
C. Sadowsky found that the spe^jds of coagulation and gelatinization of silica 
hydrosols follow the same laws. The coagulation of silicic acid sol w^as studied 
by 0. M. Smith, etc. According to N. Pappadd, soln. of non-ionized organic 
substances do not coagulate silica sol, but soln. of ionized salts coagulate negative 
colloidal silicic acid, and, with a given family of salt.s, the action is all the more 
marked the greater the at. wt. of the salt—e.^. the cations (V, Rb', K’. NH4‘, Na*, 
and Li* act with decrea.sing intensity in the order named ; similarly, the action is 
more marked the greater the electrical charge on the ion, thus tervalent ions are- 
more active than bivalent ions, and these in turn more than univalent ions. Thus, 
W. B. Hardy found aluminium sulphate acted immediately ; copjier sulphate or 
copper, cadmium, or barium chloride acted in 10 rains. ; magnesium suljihate 
in 2 hrs. ; and potassium or sodium sulphate in 24 hrs. The gelatinization seems 
to be independent of the nature of the anion. S. Glixelli found the acidity of silica 
is increased in the presence of uni- or bi-valent ioiw of neutral salts. The pro- 
tective action *of tervalent iron salts on a sol of silicic acid was investigated by 
E. Guerry anjl E. Toussaint. H. W. Foote, S. R. Scholes, and R. W. Langley have 
discussed the precipitation of ferric and aluminium hydroxides along with colloidal 
silica so as to forip solid soln. P. Rohland found that silica hydrogel derived from 
clay adsorbs colloids - -c.7. soap, starch, and dextrin- complex dyes- e.7. aurin, 
fluorescein, and cochineal carbonate-ions, hydrocarbonate-ions, tetraborate-ions, 
and phosphate-ions. Organic substances containing oxygen— e.7, alcohol and 
acetone — are adsorbed. Silica gel is imperm<sable to organic substances which do 
not contain oxygen, and sat. hydrocarbons -< ,7. toluene, and carbon disulphide. 
E. Dittler, and H. Rheinboldt and E. Wedekind studied the adsorption of organic 
colouring matters by hydrogels of 'silica ; L. Bt'renyi, and J. McGavack and 
W, A. Patrick, the adsorption of sulphur dioxide ; L. Berenyi, L. Y. Davidheiser 
and W. A. Patrick, ammonia ; W. A. Patrick, sulphur dioxide, ammonia, and 
carbon dioxide ; H, Briggs, hydrogen and nitrogen at low temp. ; P. C. Ray, 
nitrogen peroxide ; and A, B, Ray, and H. Briggs, organic vapours ; W. A. Patrick 
and D. C. Jones, formic, acetic, butyric, and benzoic acids, and iodine, from various 
solvents ; nitrobenzene and benzene from kerosene ; and acetic acid fronji carbon 
disulphide ; D. C. Jones, acetic acid from gasoline ; W. A. Patrick and J. S. Long, 
butane. N. K, Chaney and co-workers showed that while carbon adsorbs^benzene 
end rejects the water from a mixture of benzene and water, silica* gel adsorbs 
water and rejects the benzene. C. M. Faber and co-workers measured the variation 
in the eflSciency in the adsorption of water, benzene, nitric acid, and nitrogen 
peroxide with u^. There is a promising field of application for silica gel as an 
absorbent for condensable vapours from gases ; and as a refining agent for liquids, 
particularly petroleum oils. It also has uses in the recovery of benzene hydro- 
carbons from coal gas, or coke-oven gases for use as a motor oil. The adsorption 
of benzene and other vapours has been discussed by E. C. Williams, R. Furness, 
E. B. Miller, F. Meyer, and N. K. Chaney ; and of sodium fluosiheate. and potas- 
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Slum metasilicate, by M. A. Eakuzin. According to E, M. Faber and H. G, Olsen, 
carbonyl chloride and nitrogen peroidde are absorbed by silica gel. According 
to J. N. Mukherjee, precipitated silica adsorbs acetic, citric, hydrocblorio, and 
nitric acids, but A. F. Joseph and J. S. Hancock stated that purified silica has no 
effect on a soln. of an acid, and that the reported effects are due to the use of inade- 
quately purified silica ; the effect of silica on a soln. of an electrolyte is to produce 
free acid and a complex silicate of low solubility and alkaline reaction. W. Bach- 
mann showed that the amount of adsorption of water, benzene, chloroform, ethyl 
iodide, and acetylene tetrabromide by silica gel is proportional to the density of 
the liquid ; W. A. Patrick and J. S. Long found that the adsorption of w-butane is 
greatest with silica gel with about 2 per cent, of water ; and J. McGavick and 
W. A. Patrick found 7 per cent, of water to be most favourable for the adsorption 
of sulphur dioxide between - 80“^ and KX)''. D. C. Jones studied the effect of the 
dispersibility of the silica gel on its adsorptive power. J. H. Frydlender, F, Meyer, 
W. Paulsen, E. B. Miller, R. Furness, N. K. Clfaney, and E. C. Williams discussed 
the use of silica gel as an absorbent*for industrial purposes. Their uses, said 
H. N. Holmes and J, A. Anderson, include solvent recovery, the drying of air 
for blast furnaciis, and for vacuum ice machines ; the recovery of sulphur dioxide 
and nitrogen oxides; removing offensive odours from air; removing sulphur 
compounds from petroleum fractions ; decolorizing certain liquids ; the recovery 
of gasoline from natural gas, etc. * 

E. Jordis and E. H. Kantor inferred that bi'causc the electrical conductivity 
of silica liydrosol increases to a maximum by the successive additions of small 
quantities of hydrochloric acid, then falls to a minimum, and again increases, hydro- 
chloric a(!id and silica unite chemically. F. Mylius and E. Groschuff likewise 
assumed the formation of an intermediate chloride in the hydrolysis of silicon 
tetrachloride liy water. J. Meyer, however, believes that the obstinate retention 
of hydrochloric acid by silica gel is an adsorption phenomenon, not chemical 
combination. The washing has also been discussed by E. Jordis, R. Zsigmondy 
and R. Heyer, etc. According to J. M. van Bemmelcn, the amount of a substance 
which is absorbed from a .soln. by a given quantity of a silica gel (dried at 100'^) 
depends on the temp, and couj^. of the soln., a.s well as on the native, physical state, 
and previous history of the absorbent gel. The amount absorbed increases with 
the cone, of the .soln., bu^not proportionally since relatively more is absorbed from 
dil. soln. than from cone, soln,, so that the ratio of the amount of .salt absorbed to 
the (jonc. of t he soln. decreases as the\onc, increases. Alkalies are strongly adsorbed, 
and soln. of .salts of the feeble acids are decomposed and part of their alkaline 
base i§ selectively absorbed by the silica -c.^. alkali carbonates, phosphates, 
borates, and calcium carbonate. Absorption thus appears as a kind of incipient 
combination. When the absorption has progressed far enough, the silica gel may 
pass into the sol condition, a.s was observed by T. Graham in an experiment where 
one part of sodium hydroxide in 10,000 parts of water at 100^, converted 200 parts 
of anhydrous silica into the sol state. The absorjition or ad.sorption with quartz 
is much less than with amorphous silica, but it follows the same general law— vide 
the chemical jiropertie^s of silica. R. Schwarz and H. Stock found silicic acid sols 
act as a positive catalyst on the photochemical decomposition of silver bromide ; 
and E. p. Hohnes and W. A. Patrick, on acetone, acetic acid, and nitric acid. 

J, S. Anflerson found the sp. gr. of silica gel sat. with water to be 1*500 ; of 
the dried gel, 1-980 ; and of the gel substance, 2*048. E. Bcrl and W. Urban 
found the sp. gr. of silica gel dried at 25'’, is 2*465 ; dried at 300°, 2*390 ; dried at 
1000“, 2*271 ; evaporated with hydrochloric acid and ignited, 2*627. The sp. gr. 
of the opals ranges from 1*9 to 2*5— the gem opals have a sp. gr. 2*l--2*2. The 
sp. gr. of hydrated silica which has been dried lies between 1*7 and 1*9. According 
to F. Auerbach, the hardness of opal lies between 5 and 6. An opal fron\ Mexico 
had a coeff. of elasticity of 3,880,000 ; and a torsion coeff. of 1,829,000. In their 
study of the musical tones produced by vibr'^ting silicic acid gels, 41. N. Holmes 
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and co-workers found that these gels vibrate as rigid solids. The vibration fre- 
quency varies inversely as the diameter of the column of gel, and tension 
exerts an influence ; the vibration frequency varies directly as the cone, of the 
silicic acid, increases with an excess of mineral acids, and decreases with an excess 
of organic acids. According to H. Ko}>p, and J. Joly, the sp. ht. of hyalite Is 0‘2033, 
and*of opal 0‘2375» 

The separation of aq. soln. from highly hydrated gels — the so-called synerms — ’ 
increases with increased cone, of silicic acid, increases with excess of mineral acids, 
and decreases with excess of organic acids. Neither J. Thomsen nor G. Bruni and 

N. Pappada could detect any thermal change during the coagulation of silicic acid 
sols, but others have noted an appreciable thermal eflect. T. Graham, for instance, 
noted a rise of temp, during the coagulation of the hydrosol of silica. The heats 
developed during the coagulation of a 3 per cent. soln. of silicic acid prepared from 
potash water-glass and a 2 ‘4 per cent. soln. of silicic acid from soda water-glass, are : 

» 

Sol ttitli 3 Qer rent. mIIU'Ic Sol with 2‘4 per cent. Rlllcio ncld 
acid from potash water-ahwx. from soda water-glass. 

Per cent, aluminium sulphate soln. . 3*4 6*8 17 6 8 13 6 

Heat of coagulation .... 16’8 27‘1 17 {) 30 7 32*8 Cals. 

1 

Observations on this subject have been made by F. Gdrinckcl, K. Wiedemann and 

O. Ludeking, 0. Mulert, L. Kahlenberg'and A. T. Lincoln, etc. Similar resulte 
were obtained by coagulating the sol with a 6*8 per cent. soln. of alkali sulphate. 
J. Spichal found that the hydrosols of alumina and silica mutually precipitate 
one another, and the precipitation is most rapid, and the viscosity greatest, when 
the molar ratio AI 2 O 3 : Si ()2 is as 1 : 3. M. Kroger found that the gelatinization 
of a mixture of silica and tungstic hydrosols proceeds so that the time-tungstic 
acid curve passes first through a minimum, then as the cone, of the tungstic acid 
increases, it passes through a maximum and then falls coutimiously. A. W. Thomas 
and L. Johnson discussed the mutual precipitation of colloidal soln. of ferric oxide 
and silica. 

The process of gel-formation in silicic acid and the gelatines has been studied 
ultra-microscopicjilly by W. Baclimann. The amplitude of the Brownian move- 
ments of the ultra-microsco[>ic particles diminishes and the size of the particles 
increases by flocculation during the ageing of the gel ; the structure gradually 
becomes less distinct, and at last ultra-microscopically homogeneous owing to the 
close-packing of the jelly elements. The suj^^msed foam structure is a diffraction 
phenomenon. Gel silicic acid obtained by dialysis, with a collodion membrane, 
and dried over sulphuric acid, polarizes light feebly, thus indicating a very 
minute heterogeneity. The index of refraction of the opals is low. According to 
A. des 01 oizeaux,i 2 the index of refraction for red light varies from about 1'442- 
1*450 ; and, according to A. K. Zimanyi, for the yellow sodium light, from 1'4536~ 
1*4580 between 21® and 28*5®. A hydrosol from soda water-glass with 0*4134 grm. 
of silica per 31*3630 grins, of soln., has a sp. gr. of 1*004923 at 241® (water at 
24*1®~0*99730), and an index of refraction for sodium light, 1*33389; and for 
the ;tf„-line, 1*33205; the /i^-line, 1*33800; and the HyAine, 1*34139 (yater for 
^^=:1*33080), Observations were made by C. Abbati, F. Cornu, M. Lazarevec, 
etc. According to W. W. Coblentz.^^ quartz has small absorption bands between 
2 ‘ 9 /i and 6’65/x, and the group of atoms characteristic of quartz fiiaintains its 
characteristics, more or less sharply defined, in the mineral silicates. In opal, the 
bands characteristic of water are superposed upon those for quartz, and since opal 
shows no signs Of crystallization il^is inferred that the water is in a state of solid 
soln., since the contained water is a function of the vap. press. The absorption 
spectra of opal, selenite, and the zeolites are alike as regards the position and 
intensity of the water bands. C. Wissinger studied the absorption spectrum of 
silica fiydrogel. Opal is a non-conductor of electricity. The hydrosol of silica 
conducts electricity. F. Mylius and E, Groschuff found the conductivity in 
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presence of sodium chloride changed from 14032X mhos when freshly pre- 
pared to 14081 X 10”® mhos after standing 6 days at a temp, of IG"". Silica hydrosol 
resulting from the action of 40 grins, of silicon tetrachloride on 2 litres of water 
had a conductivity of 6’2X 10”® mhos ; after 14 days' hydrolysis the conductivity 
altered to 3'2X 10”® ; and after 22 days’ hydrolysis, 1 ‘TX 10“® mhos. 

A. C. Becquerelji® and W. Spring found that an alkaline sola, of silica hydrogel 
acquires a positive charge, and when an electric current is passed through the 
soln., the gel collects on the cathode. W. B. Hardy, however, showed that with 
distilled water, the thoroughly washed hydrogel is iso-electric, and with the smallest 
trace of free alkali in the water, it becomes electronegative. S. E. Linder and 
H. Picton, N. Papj)a(14, and A. Lottermoser also found that dialyzed silicic acid 
collects on the anode. W. Biltz, and W. R. Whitney and J. C. Blake made observa- 
tions on this subject. 0. Lbsenbeck measured the electrical conductivity of silica 
sojs. He found the conductivity of hydrochloric acid soln. of cone, up to y^Y-HCI 
is reduced by the presence of silicic acid scHki. The magnitude of the change 
decreases with time, being at first rapid,* and then slows off to a limiting value. The 
])article8 of sdicie acid are negatively charged, and the charge is steadily reduced 
by the addition of hydrochloric acid until the isoelectric point is reached. With 
further addition of acid the sign of the charge changes, and the charge increases 
until the positive value is greater than the original negative value. The contact 
[lotential of the particles in diff<*rent cone* of tlie same preparation is dependent on 
the cone, of the sol, in the sense that the isoelectric point of different sols lies at 
greater cone, of hydrochloric acid the greater the cone, of the sol. The observed 
resul^ are explained by assuming that the silicic acid particles are sat. with hydro- 
chloric acid, like a sponge, and that this acid is taken up slowly. The hydrogen- 
ions are oxpidled from thesii sponges with a definite tension, so that the 
contact potential between particle and soln. may be approximately repre- 
sented by W. N crust’s formula. W. Grundmann studied the electrical properties 
of sols of silicic acid, and .showed that the charge in a hydrochloric acid 
soln. changes on keeping, becoming at first more negative, reaches a maximum, 
and then changes in the opposite direction. Colloidal silica in dil. acid and 
alkaline soln. is electronegaiive, and during electrolysis accumulates about the 
anode, and J. Billitzer showed that in alkaline and feebly acid soln. — say, up to 
0‘1A’-H(’l the gel is electronegative ; with a greater cone, of acid — say, |Y-HC1 — 
the gel is electropositive ; and somewhere between these limits an isoelectric 
point occurs where the li(juid is elattrioally neutral. 

1 tieso factn hove been applied industrially by H. Schwerin to ivniovo impurities from 
clays, etc. When soln. of ehloride.s are added to y ator with the clay m sus^iension, certain 
impuritiofl settle readily, others remain in suspension. If the added salt also changes the 
eltM'trical state of certain impurities .so that, say, fme silica becomes eloctropositivo while 
the clay remains electronegative, the passage of a current through tho soln. will enable 
the electronegative clay <o collect about the anode, while the electropositive impurity 
accumulak'.s alxiut the cathode. W. K. Orinandv has discussed the application of tho 
process. 

The jgreat variations in the proportion of water in different varieties of opal, 
and in the same varieties from different localities, prevents the application of a 
definite formula Si02. aHj.0. Thus, E. Fremy found that after drying in vacuo, 
hyalite Qpa> contained 1’5 per cent, of water; a gem-opal from Mexico, 6‘3 per 
cent. ; and a sample of opaque and glassy geyserite, 121 per cent. Attempts to 
find if the dehydration curves of the opals show any signs of breaks or singularities, 
have given negative results. It is therefore inferred that opals are not definite 
hydrates of silica. In 1877, J. B. Hannsy gradually heated a sample of opal 
with 8‘24 per cent, of water at 100° in a current of dry air, and determined the water 
lost every 5 mins, and later every 20 rains. G. d’Achiardi confined seven ijifferent 
samples of Tuscany opal in desiccators, and found the loss of weight after definite 
intervals of time extending over 200 days. The results with a sampte of kieselguhr 
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from Caatel del Piano, Monte Amiata ; a sample of black opal from San Piero, 
Campo ; a milk-white opal from Fundorte ; and a water-clear opal from San Piero, 
Campo, are plotted in Fig. 52 ; there is here 
no evidence of any discontinuity in the 
curves. G. d’Achiardi also obtained the same 
conclusion by measuring the amount of 
water lost during definite intervals of temp, 
rising from 80° to 320°. G. Tamniann kept 
samples of hyalite and opal in desiccators 
over sulphuric acid of different cone, so as 
to allow the dehydration to occur in atm. 
of definite humidity, Table IX, 

According to J. M. van Bemmelen,^’ the 
gel of silica hydrate under the microscope 
appears to have a cellular structure and 
to be composed of a kind of network— 

W c^nstruktur—him^A by two soln. — the 
one more cone, forms the walls of a mass 
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Fio. 62.— The Dohyclration Ctirves of 
Some Varieties of Opal Confined over 
Sulphuric* Acid. 


of cells which enclose the other more dil. soln. 0. Butschli a|so noticed that a^mesli- 
like structure appears at a certain stage in the drying of gelatinous silica, and dis- 


Table IX. — Loss of Water by Opals in 

Atmospheres 

OF Different Humidity. 

Cone, of sulphuric 

Vap press, of sulphuric 

Time In days. 

J’crcentage loss 

acid per cent. 

; acid in nun. at 2ft''. 

ill weight. 

20-3 

i 21-24 

0 

2-96 

29-2 

18-33 

9 

3-90 

40’6 

13-15 

7 

9-96 

60*1 

8-77 

fi 

10-76 

60-4 

4-32 

0 

11-00 

70-3 

1-74 

8 

12-09 

86-1 

0-18 

22 

13-30 


appears at a later stage of the drying. He also found that the natural opals exhibit 
a very fine cellular structure which requires the very greatest magnification to 
be rendered visible — hydrophane, for exaraT;le, 
with a magnification of 2090 diams., shows the 
cellular structure and is very little different from 
gelatinous silica. The two arc illustiUted side by 
side in Fig. 53. W. Biltz and W. Geibel studied 
the ultra-microscopic structure of silica hydrogel. 

According to 0. Butschli, a gel with 30-40 mols. 
of water can be separated by cutting ; with 20 
mols. it is somewhat stiff; with 12 mols. it is 
brittle ; and with 6 mols, i t can be triturated to 
form a dry powder. There is a stage in the 
dehydratldn^where the gelatinous silica begins 
to lose its transparency and become turbid. This 
temp, depends on the HSfure of the gel, its mode 
of preparation, the rate of dehydration, the age 
of the specimen, etc. The vol, of the gel shrinks 
very little if dehydrated further, since the gel now 
fqrms empty spaces which gradually with,|ir, 
and produce the turbidity ; dr, "as R. &igmondy 
infers frbni his ultrarSucroscopic examination of the phenomenon, the turbidity 
is produced by ,the accumulation of liquid separated by films o f air. By prolonged 



Fig. 63.— The Cellular Structure 
of Opal (left) and of Partially 
Dried Gelatinous Silica (right). 
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heating, the gel gradually loses its air-spaces, and at the same time its absorptive 
power for water, e.g, the amounts of moisture adsorbed by precipitated silica 
calcined at different temp, are : 

110 “ 600 * 700 * 600 “ 900 * 1200 “ 

Adsorption . . 18-35 15 93 16-34 12-85 3-96 0-00 per cent. 

J. Duclaux assumed that reversible gels contain (i) a liquid — water or a 
solvent ; (ii) an insoluble solid, forming with the liquid an irreversible gel or sponge- 
like structure of ultra-microscopic cells ; and (iii) a soluble solid dissolved in the 
solvent of the gel. The mols. or raiscell® of this substance, which may be either 
crystalloid or colloid, are too large to be able to escape from the cellules of the 
sponge, but tlioy are small enough for their soln. to have a certain osmotic press, 
in relation to the pure solvent. This soln. is the “ plasm ” of the gel, and its 
swelling and expansion in a solvent are due to the osmotic press, of the plasm. 
The limit of expansion is reached when equilibyum is attained between this osmotic 
press, and the cohe.sion of the cellular^structure of the gel. If the osmotic forces 
are strong (moiigh, continued inflation of the cellules may result in the dissolution 
of the gel, and tlie separation of the soluble and insoluble constituents. 

P. P. von Weimarn ^8 argued that many of the so-called amorphous powders 
probably have a crystalline structure, for they may really be so fine-grained that, 
under the microscope, the form of the, crystalline grain appears to be rounded 
owing to ditfraiition and other plnmomena. The crystalline nature of such pre- 
ci])itates must be proved in other ways since the finenc.ss of the grain prevents the 
satisfactory application of the microscope. Under the microscope, these pre- 
cipitates exhibit various characteristics peculiar to crystalline structures— e.^f. 
they have a network, honeycomb, rayed, or dendritic structure unless they are 
formed of detachiid granules. Hence, says P. P. von Weimarn, such formations 
are to be regarded as a result of an orientation of the finest granules. K. Schwarz 
and F. Stdwcner studied the ageing of silica gelsy and showed that during the ageing 
Wj^ti'r is lost even though the gd be under water ; the dehydration is regarded as a 
preliminary stage in the formation of crystals. 

The vap. ])re88. of hydrated silica varies continuously and regularly with the 
cone, of the contained wateb, so that the solid silica and the \\^ater really form a 
uni variant system with only one component —water— and two phases— vap., 
and water of hydratioif If the water vap. be in equilibrium with the water of 
hydration at a vap. press, p, and st^ie water is removed, the solid loses some water 
of hydration, but the vap. press, is not restored to p since it acijuircs a lower value pi. 
If a definite hydrate were in quest ion, the vap. press, would remain at p until all 
the hydrate had been decomposed. * 

Pprtially dehydrated silica hydrate is very hygroscopic. The silica remaining 
when tlie organic derivatives of silicon have been submitted to combustion analyses 
are sometimes very hygroscopic, thus, J. A. Meads and F. S. Kipping report that 
the product from diphonylsilicancdiol on exposure to air, had a constant weight 
only after the absorption of 16’2 per cent, of moisture. Silica hydrate wliich has 
,boeu dried in air becomes warm when moistened with water. Silica obtained by 
I calcining the hydrate at about 500^, can take up abojit 1.4 per CfiuL.of water, and 
1 siHca Vliich has been calcined at a higher temp, can take up only 2 per cent. The 
1 wateriS ra^re easily driven from tho rehydrated silica heated to, say, 100° than 
from the original hydrate. If silica hydrate which has been heated to 200° be 
exposed to a moist atm., water is again absorbed, and the vap. press, of the hydrate 
is greater than that of the original hydrat« of the same composition. This has 
1 been taken to show that the water is less firmly retained by the product of the 
\ rehydration of partially dehydrated silica hydrate. 

J. M. van Bemmeleu has determined the equilibrium conditions of the hydrogel 
of silicic acid. He started with a freshly prepared sample containing the eq. of 
SiOg-f lOOHgO ; portions were placed in desiccators over sulphuric qcid of different 
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cone., and aoco^ingly also of different vap. press. Uader these couditions, eoniJi- 

br.um occurs when the vap. press, of the gel is.equal to the yap. press, of the sulphuric 

acid over which the gel is confined. The dehydration curve follows the direction of 
the arrows aloi^ ABCD, Fig. 54. While AB is a continuous curve representing 
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the equilibrium press, during dehydration, rehydration dogs not follow along the 
same path in the reverse direction, but rather skikes a shorter course, say, ah, to 
reach the saturation curve representing* the vap. press, curve of water at 15° ; 
subsequent dehydration follows nearly along the same path, ba, but a little to the 
left. Returning to the first dehydration curve ABy this passes to BC, which is 
nearly horizontal, showing that here the removal of water has very little influence 
on the vap. press, of the hydrate. As the gel, previously clear and transparent, loses 
water along BC, it begins to develop an opalescence in its interior, owing to the forma- 
tion of smaU bubbles of air or water vap. where previously liquid water was present. 
The opalescence gradually spreads outwards until the whole mass appears yellow 
by transmitted, and blue by reflected light. As the dehydration continues, the gel 
at C becomes white, and, travelling along Cl), it becomes opalescent, and finally as 
clear glass. The CD-emve represents a reversible reaction in that rehydration 
DC and dehydration CD follow the same track. At J), the gel has about the eq. 
of 8102+0. 2 H 2 O. If the gel between B and C is dehydrated, it takiss a short 
cut to the saturation curve, for after travelling along DC Jit will pass from C to E 
to/; on dehydration at E, the curve travels as indicated by the arrow so that 
the process is not reversible. Dehydration froth any particular state is represented 
by arrows directed downwards and to the left, and rehydration by arrows directed 
upwards and to the right. The curve^ dotted in the diagram represent, in the same 
way, the dehydration and rehydration of the hydrogel of sibcic acid ten months 
old. J. Amar measured the speed of dehydration ; and J. 8. Anderson, the adsorp- 
tion and evolution of moisture by silica gels. The two curves do not coincide, 
but show a decided hysteresis in the sense that water is evolved at a lower press, 
than that at which it is adsorbed. Similar results were obtained with alcohol 
and benzene. J. 8. Anderson also measured the rates of adsorption and evolution 
of these three substances. E. Berl and W. Urban measured the hygroucopicity 
of silica gels. W. A. Patrick and F. V. Grimm found the heats of wetting of 
silica gel in Cals, per gram of gel to be 19*22 for water ; 22*23 for ethyl alcohol ; 
11*13 for benzene ; 8*42 for carbon tetrachloride ; and 17*54 for aniline. 

The net result of the interesting work of J. M. van Bemmelen is to show that 
the hydrogel of silicic add is an unstable system of the general composition 
SiOs.nHsO, where the value of n is determined by the physical conations, and 
the previous history of the gel. M. Goichard investigated the adsorption 
of water by silica gels in relation to time, temp., and age. Similar phenomena 
were observed with the hydrogels of magnesium, beryllium, aluminium, manganic, 
ferric, chromic, cupric, zirconium, and stannic hydroxides — with variations, of 
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course, in individual cases. According to R. Zsigmondy, the peculiar dehydration 
curves obtained by J. M. van Beinmelen are best explained by assuming that the 
vap. press, of the retained water is diminished by the presence of fine capillaries. 
If the capillary formula holds for pores down to b/xju, the vap. press, would be 
depressed 6 mm. The difference between the curves for dehydration and subse- 
quent rehydration are explained by assuming the liquid fails to wet the walls 
completely in the second case owing to the absorbed air. The irreversibility of- 
the changes is due to the union of the amicronic particles to form larger particles 
-—probably crystalline. J. 8. Anderson, from his experiments on the evolution 
and adsorption of moisture by silica gels, inferred that the gel is made up of pores 
of varying sizes which are largest where the hysteresis on the drying curve begins, 
and smallest where it ceases, lie nu'asurcd the lowering of the vap. press, of water, 
alcohol, and benzene produced by the presence of fine capillaries in the gel, and 
hence calculated the radius, p, of the pores from log^ (Po/i^)— where 
p represents the radius of the pore ; (r, the surfa^f.c tension of the liquid at the temp, 
of the experiment ; D/, the sp. gr. of tlie liquid ; Dp, the sp, gr. of the vap. ; 
the vap. press, of the liquid in the atm. ; and p, the vaj). pn^ss. of the evaporating 
I liquid. The results arc in harmony with those of R. Zsigmondy. The last-named 

1 found that when silica gel is imriKTScd in a hydrosol of silver or ferric hydroxide, 
etc., it acts as an ultra-filter; water penetrates into the gel, and a layer of colloid 
is forme^onits surface. E. M. ll’aber and H. G. Olson studied the repeated activa- 
tion of the gel. T. Graham found that sul])huric acid can displace the water and 
form silica sulphatogel, if the hydrogel be first placed in dil. sulpliuric acid (1 : 3), 
the product transferred to a stronger acid, and finally to cone, sulphuric acid. 

H. N. Holmes and J. A. Anderson prepared mixiul ferric oxide-silica gel by 
treating a soln. of sodium silicate with one of ferric chloride ; and similar mixed 
gels were made with aluminium, chromium, calcium, copper, or nickel oxide in 
j)lace of ferric oxide. 

Organogels Ol silicic acid.— T. Graham -- J)repared sols and gels of silica with 
fluids other than water--c.(/. hydrochloric, nitric, sulphuric, formic, acetic, and 
tartaric acids, sugar-syrup, glycerol, benzene, carbon disulphide, alcohol, ether, 
and fixed oils. These liquids can displace more or less water without gelatinizing 
the dissolved silica. If alcohol be added to a Jiydrosol, containing not more than 
one per cent, of silica, and the water be removed by drying in vacuo over a desic- 
cating agent ; or if mi.xiuro of alcohol and silica hydrosol be dialyzed in a jar of 
alcohol, the water and a soln. of si|ica alcohol remain ; it is silica alcosol. The 
alcosol is gelatinized by a slight imToase in cone. ; the liquid gives no evidence of 
the presence of a silicic ether. Tlie corresj)onding silicic alcogel is also made by 
placing silicic hydrogel with 8-10 per cent, of silica, Si 02 , in absolute alcohol, and 
changing the latter repeatedly until the water of the hydrogel is replaced by alcohol. 
The product contains 11*64 per cent, of alcohol. Silica alcogel passes into the 
hydrogel when placed in water, and compounds wiih other liquids-- ether, benzene, 
carbon disulphide, etc. — miscible with alcohol -are obtained by placing the alcogel 
in the desired liquid. The ether of the silica etherogel can be replaced by fixed 
oils, byjdacing the gel in the required liquid. W. Kiihne found that glycerol, 
like alcohol, (lisplaccs water from the hydrogel, forming silica glycCTOgel. 
S. P. Kramer studied the preparation of oil emulsions by the aid of silica gel. 
W. A. fatrfck made silica gels impregnated with metallic oxides by mixing soln. 
of sodium silicate with a soln. of a metallic salt easily hydrolyzed— ferric 
chloride— after the gel had set, it was washed free from chlorides. B. S. Neuhausen 
and W. A. Patrick could not remove all the water from silicic acid gels by anhydrous 
alcohol, acetone, or benzene. 
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§ 22. The Silicates and the Aluminosilicates 

• 

A good formnl* indicates the convergence of knowlefjge ; if it fulfils that purpose it 
is useful, even though it may be supplanted at some later date by an expression of still 
greater generality. Every formula should l)e n means towards this end, and the question 
whether it is assuredly final is of minor iraportanco. Indecfi, there is no formula in 
chemistry to-day of which we can be sui'e that the last word lias been spoken. — 
F. W, Clarke (1914). ^ 

Silicic acid at ordinary temp, is one of the feeblest of the inorganic acids. The 
acid is precipitated from aq. soln. of*its alkali salts by carbon dioxide. Observa- 
tions on the lowering of the f.p., and the electrical conductivities ^ of aq. soln. of the 
alkali silicates show that they are almost comjiletely hydrolyzed : Na2Si03-f H2O 
=2Na0H+Si02coiioid» when the dilution is approximately 0'02 mol. per litre. 
The ready hydrolysis of the alkali silicates is in agreement with the difficulty which 
attends the preparation of the ammonium silicates — ride infra. 

Although chemically inactive at ordinary temp., silica acts as a powerful acid 
anhydride at high temp., combining with the bases and many metallic oxides to 
form more or less fusible silicates. When silica is melted with sodium carbonate, 
carbon dioxide is expelled with effervescence. The reaction : NaijjCCla-f Si02 
v=iNa2Si03-f002, resembles the action of sulphur dioxide on the same salt at 
ordinary temp. : Na2C03+S02^Na2S03-fC02. When sodium silicate is dis- 
solved in water it is decomposed by sulphuric acid, silicic acid is liberated : Na2Si03 
-|-H2S04=Na2S04-d-H2Si03. The two compounds can be separated by dialysis. 
IMium silicate thus behaves like other salts, and silica is therefore regarded 
as an acid anhydride, silido anhydride, Si02, in the same sense that sulphur 
dioxide, *802, is sulphurous anhydride. The powerful acid character of silica 
at high terap.^tums on the fact that most of the acid anhydrides — SO3, P2O6. 
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etc. — volatilize at much lower temp., and consequently, as soon as ever so little 
is displaced, the volatile anhydride passes away and ceases to compete with the 
silica for the base. At low temp, sulphur trioxide or carbon dioxide rapidly dis- 
places silica from the bases when competing under equal conditions. The igneous 
• rocks on the earth’s crust contain silicates rather then carbonates, because at the 
high temp, of their formation, carbon dioxide could not compete Successfully with 
the silica. Ever since that time, however, the weathering of these rocks has been 
proce(((ling slowly and continuously transforming the silicates into free silica^ 
carbonates, and oxides or hydroxides, 

Early in the nineteenth century, J. J. Berzelius,^ J. W. Ddberciner, and J. Smith- 
son ekprt^ssed the idea that the silicate minerals arc salts of silicic acid. A. Laurent 
proposed to repr('Hent the. mineral silicates as salts of a series of imaginary silicic 
acids. The suggestion aj)peared more feasible after E. Fremy had established the 
e\ist(ince of flu* njlated stannic acid in 1856 ; and the work of J. J. Ebelmen, 
Friedel, and J. M. Crafts, L. Troost and P^llautefeuille, and A. Wurtz on the 
alkyl silicat(‘s, had shown the p08sihl(* existence of a number of polysilicic acids 
and of t'cxidencr d' inmmhrables silicates que Uur mode de ghieratioyi est fondeey 
d*une part, siir k frinciple de Vaccunmlation des radicaux polyaiorniques et de Vavire 
celui de la hydration smcessive. The subject was further developed by the work 
of T. S. Hunt, W. Odiing, C. VVeltzien, F. Groth, E. J. Chapman, F. W. Clarke, 
K. von Haushofer, C. Boedeker, L. Bornbicei, P. Groth, G. Stadeler, V. Wartha, 
A. Safarsik, C. Simmonds, A. Strong, N. Lawroff, etc. Examples will be given 
in conneedion with the individual silicates. The silicates can be regarded as salts 
of silicic acid and its various (londensation products. The general formula of all 
the silicic acids is («-|-m)Ha0.mSi02, or H2TOyin02n+rn> where w denotes the number 
of silicic atoms, and /«, half of the hydrogen atoms per mol. The silicic acids can 
be named by starting from the orthosiUcic acids, the acids formed by the loss of one 
mol of water per mol of acid can bo called protosilicic acids, or, as is more usually 
the case, metosdicii: acids ; the loss of two mols of water gives dctderosilicic acids 
or mesosilicic aetds ; the loss of three mols of water gives the trikrosilicic acids or 
parasilioc acids ; the loss of four moLs of water gives th(' tctrcrosilicic acids, and the 
joss of five mols of water gi^es the peiikrosilkic acids. These acids are illnstrated 
in Table X, which can be extended to the right and downwards*!! occasion should 


J ABLK .X. XoftlKNOl.ATURE OK THE iSll.r<’rO AC’ID.S AND SlUC'ATES. 


Typo. 


I m^io- 2 dl- 3 tri- 


4 tetra- j 5 penta- 


Ortho- Han HSijrtOn 4 1 H4kSi04 

Meta(proto-) I(anSinO,n HaSiO., (H^Si^O,) 

Me 8 o-(dciitero-) H,«-aSi„03„- 1 - HjSijOj 

Pam-(tritero.) H^n --i - 

Tetrero- Hjn-BSiwOan - < , — 

Pentero- Hjn- sSinOjn- « - 


HnSi^Ojo 

(HgSisOj) 

H 4Si30g 
HaSigO, 


IlioSigOij 

HgSigOu 

H.SigOio 

HaSigO, 


I HiaBijOia 

,{H:oSi,Oad 

HgSijOia 
HgSiftOia 
j HgSijOaa 
HaSijOji 


arise. ‘Each member of a horizontal row differs from the one which precedes by 
the addition of HoSiOa ; and each member of a vertical column differs from the 
one wliich precedes by the removal of H2O. The various metasilicic acids are 
polymers d! one another ; and those formulee enclosed by brackets in the table are 
polymers of some other member of the series. The following are illustrations of 
the graphic formulae : 


HO 

HO 


>8i< 


OH 

OH 


HO 

HO 


>8i 0 


HO ^ 
Ho>Si-OH 


HO-SUO 

HO ^ P 

jj()>Si~OH HO-Si=:50 


Orthosilioic Metasilioio Orthodiflilicic 
acid, HiSiOg. acid, HjSiOa, acid, HgSijO,. 


Protodisilicic Deuierodisilido 
acid, HgSijO,., acid, H,Si|0^ 
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FonnulflB for silicates like those of C. Simmonds, which represent the silicon 
atoms as being joined directly to one anothei^ and not through intermediate oxygen 
atomSf are considered to be improbable, because, as R. Wegschneider has empliasized, 

(i) compounds with silicon atoms directly united are unstable reducing agents, and 

(ii) if the silicon atoms are directly united, oxygen atoms must also be directly 
imifed, and this g^gain indicates an unstable oxidizing agent. The union of the 
strongly reducing ^oup Si. Si with the strongly oxidizing group 0.0 gives extremely 
unstable combinations in marked contrast with the stable polysilicates. 

Although the existence of the ortho- and meta-silicic acids has not been definitely 
established, there is less doubt about the alkyl salts of orthosilicic acid, typified 
by fthyl orthosilicate, and ethyl metasilicate with the respective {001111180 : ' 


C2H5O OC*H, 
Ethyl orthosilicate, Si{OC2^^5)4. 


Ethyl metasilicate, SiOiOCjHg),. 


These compounds are formed by the action*of the corresponding alcohols on silicon 
fluorofonn, SiHEg. Thus, methyl orthosilicate, Si(0(JH3)4, has a sp. gr. of O-DOTfi 
( 0 “), and it boils at 165 ° ; ethyl orthosilicate, 81(000115)4, has a sj). gr. of 1 - 058 ‘J 
(0°), and boils at 166 ° ; propyl orthosilicate, 81(0(^17)1, gr. of 0’905 

( 0 °), and boils at 522 ° ; and amyl orthosilicate, Si(0(/5Hji)4 has a sp. gr. of 0-870 
( 0 °), and boils at 323 °. Quite a large number of mixed alkyl orthosilieates Lave been 
prepared. Ethyl metasilicate, 8iO(OCoH5)2, boiling at about 36 ) 0 °, is said to have 
been prepared by J. J. Ebelmen ^ in 1816 , although there is some doubt whether 
or not Ebelmen’s inetasilicates are not really impure orthosilicates. L. Troost 
and P. Hautefcuille have made a polymer of the metasilicate, viz. (( 2115)28103. 
Ethyl orthosilicate can be regarded as the terminal member of a series of derivatives. 


B.p. sp. gr. {0") Formula. 

Tetra-ethylsJlicon 152*5'' 0-8341 . 

Tri-ethylsilicon othylato .... 0-8403 (OjHslaShOOgH 5) 

Di-etliylsilicon dietliylato . . 155-8“ 0 8752 (C^HjlijSiioCjllBla 

Ethylsilicon trioUiylato . 159-5'' 0-9207 (OgH5)Si(()CgtlB)g 

Silicon iotracthylate . 105-6“ 0-9070 81(008115)* 

If tri-etliylsilicoii ethylate be treated with aeetic^n hydride, and the resulting 
acetic ether-triethylsilicon acetate, (02115)381(0(21130)2— be hydrolyzed with 
potash-lye, it yields triethylsilicon hydroxide, ((-2n5)38it()H), which has a con- 
stitutional analogy with the carbon derivati);^— triethyl carbinol, ((J2H5)3C.0H. 
Acetyl chloride converts diethylsilicou diethylatc into diethylsilicon dichloride, 
(^2^5)281012, which boils at 148 °, and is transformed by wat^.r into diethyl" 
silicon oxide, ((,^2115)2810, which has a constitution analogous with diethyl 
ketone, (C2H5)2C0. Ethylsilicon triethylate is transformed by acetyl chloride 
into a fuming liquid, ethylsilicon trichloride, 0211581013, which boils at about 
100°, and is transformed by water into ethyl silidc acid, C2H5SiO.OH, which is a 
white amorphous powder with a formal analogy to propionic acid, C2H6CO.OH, 
and is accordingly sometimes called silicopropionic acid, or silici propionic acid, 
the corresponding methylsilicic acid, CH3.Si().OH, is called nlico-acetic acid, on 
account of its formal analogy with acetic acid, CH3.CO.OH. Silico-acetic acid has 
been made by the action of cone, hydriodic acid on methylsilicon triethylate, 
CH3.8i(OC2H5)3. Similarly, phen^hdlicic acid, C0H5.8iO.OH, is called silico- 
benzoic acid ofi account of its formal analogy with benzoic acid, C0H5.CO.OH ; 
and benzylsilicic add, C7H7.SiO.OH, is called silicotoluic add on account of the 
resemblance of its formula with toluic acid, (’7H7.CO.OH. These two compounds 
are formed during the hydrolysis of the trichlorides of phenylsilicon or tolylsilicon 
respectively. F. S. Kipping ^ has made a number of acids and anhydrides of the 
silicic acids— e.5f. diphenylsUicanediol, (C0H5)2Si{OH)2 ; anhydrohisdiphenyUUicane- 
diol, H(5(C0H5)2.Si.O.Si(C0H6)2OH ; as well as the anhydrides and some derivatives 
with thr^ and four atoms of silicon in closed rings : 
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(O.H.), 

g/Si^O 

Trianhydrotridiphenylsilicaiiediol. 


(c,H.;,.=Si-o-Si=(C^.), 

0 0 

(C,H.)*=Si-0-Si=(C.H,L 


Tetranhydrotetrakifldiphenylsilicanediol, 


The rings in these corapouiuis appear to be opened by hydrolysis with an alcoholic 
soln. of potassium hydroxide. J. A. Meads and F. S. Kipping specially remarked 
that “ no closed chain compound has yet been obtained which contains in its mol. 
more than four atoms of silicon, and four atoms of oxygen.” 

Suppose that two mols. of orthosilicic acid unite or condense with the eliminaikm 
of one mol. of water, the scxivalent orthodisilicic acid, HflSi207, would be formed. 
Although the free acid is not known, several alkyl salts have been prepared. 
For example, 0. Friedel and J. M. Crafts^ found hexa-ethoxyorthodisilicate, 
(021150)381.0.81.(002115)3, among the product*! of the action of aq. alcohol on 
silicon hexachloride, Si20ig. The liquid of sp. gr. 1'019() (0°), boib between 233*^ 
and 238° (700 mm.) ; the corresponding hexamethoxyorthodisilicate has a sp. gr. 
1'441 (0°), and boils between 201° and 202-5°. Lists of the compounds of silicic 
with organic radicles, tyid of other so-called organ o-silicon compounds, will be 
found in the standard works on Organic Clnmiistiy. 

J. J. Berzelius ® classified the silicates according to the oxygen ratio, that is, the 
ratio of the number of oxygen atoms in the base to the number in the acid. Thus, 
the silicate, 1148104, is regarded as a compound of 2R20.Si02 with the oxygen 
ratio 1:1; R4Si308, as 2R20.38i02, with the oxygen ratio 1:3; orthoclase, 
NaAlSiaGg, as Na20.Al203.68i02, with the oxygen ratio 1:3. J. J. Berzelius here 
regarded the alumina as a base. F. W. Clarke also regarded aluminium as a 
tervalent base furnishing aluminium orthosilicate, Al4(Si04)3 ; and by various 
substitutions obtained forniulte corresponding with numerous mineral silicates. 
It is, however, well known that alumina is an amphoteric oxide, for it sometimes 
acts as an acid, and sometimes as a base. It is therefore probable that in some 
compounds alumina, together with silica, acts as a complex acid, and in other com- 
pounds it acts as a true base. Accordingly, a number of difierent views hav\^ been 
adopted as to the constitutioi? of the aluminium .silicates. 

In 1869, C. F. Raminelsberg 7 suggested that the aluminium silicates are really 
dotthle salts of aluminiurrf silicate and of a silicate whose basic clement is stronger 
than aluminium. The two sails aij^ united by a kind of residual affinity as is 
supposed to bo the case with the alums. This view was adopted by U. A. Brauns, 
and V, Goldschmidt. They regarded leucite and beryl as compounds of R4Si04 
and Al28i3O0 ; nephehte and sodalite as coilipounds of R4Si04 and Al2Si30i2 ; 
and mica as a compound of RoSjgOo and Al2Si50i2 ; etc. 

Another set of hypotheses assumes that many aluminium silicates are solid 
solutions or isomorphoas mixtures of silicates and aluminates. For example, 
G, Tschormak,^ E. Bauer, W. Vernadsky, and J. Morozewicz have elaborated 
theories that a very great number of silicates are not really so complex as is sug- 
gested bv their empirical formula) because they are really mixtures of two or more 
simpler silicates. This hypothesis has been applied to explain the structure of 
pyroxene, scapolite, mica, chlorite, etc. For instance, the scapofite minerals can 
all be regarded as mixtures of two terminal members, meionite, Al8Ca4Si6026, 
and marialito, Al3Na4Si0O24Cl. It is probably true that many aluminium silicate 
minerals are isomorphous mixtures or solid soln. of two or more aluminium and 
other silicates. 

From another point of view, the aluminosilicates can be regarded as salts of basic 
radicles wilh complex alumino-silicic acids, analogous to the complex silicotungstic 
or silicomolybdio acids of W. Gibbs,® These complex aluminosilicates are no more 
closely related to the silicates proper than the ferrocyanides are related* to the 
cyanides. The acidic character of some or all the alumina in the aluminosilicate 
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was indicated by P. A. von Bonsdorf,io J. J. Berzelius, T. Scheerer, C. Bodecker, 
W. Odling, and D. A. Brauns. The idea was contested by V. Wartha. In illustra- 
tion of the hypothesis that alumina may have acidic properties in the silicates, 
S. L. Penfield and H. W. Foote suggested that the tourmalines and amphiboles 
are substitution products of tourmalinic and amphibolic acids where the hydrogen 
atoms of the hypothetical acids are replaced by diiferent elements or radicles 
without change in crystalline form. W. Vernadsb^ and otliers have extended 

S. ,L. Penfield and H, W. Foote’s idea that the silicate minerals are salts ol 
complex minefal acids which are in many cases more complex than is indicated 
by the empirical formula. The aluminosilicate minerals arc not regarded as 
salts of ortho-, meta-, or other silicic acids ; nor as substitution products of normal 
aluminium silicate, but each group of minerals is regarded as comprising salts of 
particular aluminosilicic acids — vide heteropolyacids. Each group is characterized 
by a particular crystalline form, and considered to be capable of isomorphous 
substitutions. Just as it is convenient to refer the different silicates to more'or 
le,ss hypothetical silicic acids, so may it b(f convenient to refer compound silicatca 
to hypothetical aluminosilicic acids : 

Examples. 

Alumino-monosilicio acid, ALOa.SiOa.nHjO Augito. 

Alumino-disilicic acid, AljOa.^SiOj.nHjO . .• Kaolinite. 

Alumino-trisilicic acid, AljOs.-^SiOa-MlijO . . Natrolite. 

Alumino-tetrasilicic acid, Al2O3.4SiOj.nHjO . Pyropliyllite. 

Alummo-pentosibcic acid, Al2O3.5SiOj.nHaO . Chabazite. 

Alumino-bexasilicic acid, AljOj.OSiOj nHjO . . . Felspar. 

The hypothetical acids arc sometimes named after the leading minerals. The 
subject has been discussed by H. Scharizer, W. and D. Asch, K. Zulkowsky. H Oans, 

T. Uffers, W. Pukall, W. Manchot, P. Erculisse, J. W. Mellor and A. 1). lloldcroft, 
W. Stremme, etc. K. Schwarz and H. Bausch have prepared a cobaltic silica to- 
aluminosilicate in which part of the silicate forms part of the comjilex anion, and 
part is present as cation. This fact is taken to siqiport tlie aluminosilicate 
hypothesis. In his interesting imunoir : The Con.stitdtmi of the Natural Silicates 
(Washyigton, 1914), K. VV. Clarke argued that the natural silicates liave jirobably 
a simple structurt : (i) liecause of the small numbery-a few hundred at the most 
— of the known silicates. If complexity were the rule, a far greater number might 
have boon expected because of the diverse conditions undej which the silicates have, 
been formed in thousands of different localitie.s. (ii) As a general rule, also, com- 
plex structures are characterized by instabiWy, whereas the silicate's as a class 
are exceedingly stable. Again, in deciding between the rival formuhe, other 
things being eepial, a symmetrical ^formula is preferable to an uiisymmetrical 
formula because symmetry conduces to stability, and most of the silicates are very 
stable compounds. 

This of course does not tell against the aluminosilicate hypothesis. The main 
difficulty in practice is to distinguish between aluminium as a base, and aluminium 
as part of the acid complex. Consequently, in the subsequent di.scussion of 
particular silicates it is generally assumed that the aluminium is a base until rij)cr 
knowledge enables a distinction to be made. There is, however, no particular 
difficulty in building up a system of aluminosilicates as consistent as that obtained 
by regarding aluminium as a tervalent base. J. Jakob, and P. Erculii^e have 
applied A. Wegner’s system : * 

I. — Silicates with simple silicic acid ions : 

( 1 ) Uexoxysilicatea. E.g. asperolite, 

• ( 2 ) FetUoxysiliccUe^. E.g. andalusite, [SiOfUAl^; tUanite, j^SiOjjl^®(Fo). 

( 3 ) Tetroxysilkates. E.g. <tiop(atfe. 
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IL— Silicates with complex silicic acid ions : 

(1) Monoailicokexoxysilicates. E.g. aerperUim, 






(2) DmlicohexoxysiliccUeji. E.g. memchaum, 

(3) Trmlicohexoxysilicates. E.g. pyroxenes and derivations like tofc, 
III -Silirato-salts ; 


I [si(SiO,)3]^«». 


Al, 

Na,- 


(1) Tdroxysilirato-saUa. E.g. nephelite, j^A^SiOilsj 

(2) Eentoxyailirato-Balta. E.g. Hillimanitc, (Al(Si 03 ) 3 ]Al 5 . 

(3) Hexoxyeilicato-mltB. E.g. dumortieritc, [SiOjliAlj. 

,(4) TrmlkoUiroxy8‘ilicato-salts. E.g. leiicile., |^Al(Si 04 ,Sj 0 j )3 
(C) UexasilkoklraoxysilieuUi-mlla. K.tj. odhocloHt'. |^Al(Si 04 ,Si 03 ,Si 02 )aj^^*. 


(0) 2'risilirupenioxy.khccUn‘mll8. E.g. raaonitet 


(7) Hexaailkopmtoxy8ihc(Uo-8uHs. E.g. poUux. 


Pb{SiO.„SiOj3 


Ca.;. 

C'aCL 


Al(SiOg,Si()3,SiOj)3 


AI3 

CSg. 

n. 


(8) TriailicohexoxyaUicato-aaltH. E.g. olivine, tMg( 8 i 04 ,Si 0 j,Si 02 ) 3 ]Mg,F()ii. 


IV. —Ooinpounds of a liighcr order in wliicli not an atom, but an atomic grouping 
appears as the nucleus. E.g. tourmaline. 

Many ty})os of these .silicate compound.s are able to crystallize both with and 
without water of crystalbzation. The a8.so(!iation with water mols, is funda- 
mentally a j)artial regeneration of complex hydrate<l ions. Tliis renders possible 
subsequent dissociation on hydrolysis. 

W. and 1 ). Asch, in their workD/c Silicate in chemkeher uml techniseker Betiehung 
(Berlin, 1911 ), have i^vente(^an extraordinarily compreheri.sive liypothesis ; they 
imagine that there are closed-ring polymers of silica, SiOo, and alumina, AI2O3, 
arranged with five or s!x silicon or aluminium atoms alternating with oxygen 
atoms. Thos(' rings with live atoms of .silicon or alumitiium are called penlites, 
and those witli six, hejritcs. Using tlie hexites and pentites as bricks in the hands 
of a builder, the invent(»rs of the hypothesis build up graphic formulae in which the 
composition of any given silicate or alumintj-silicatc is finally represented as a 
multiple of the ordinary empirical formula. Thi.s mode of representing the con- 
stitution leads to many more types of complex silicates than nature has produced. If 
the imagination can proceed unrestrained by facts, an indefinite number of similar 
systems could be devised with an indefinite number of pairs of similar kinds of rings. 

* For instance, in addition to the hexito-pentite hypothesis, it is open. similarly to 
postulate an indefinite number of analogous hypotheses with pairs, 2 - 3 , 3 - 4 , 4-5 .. . 
of rings ; e.g. if a silicate has the empirical formula Mg0.Al203.Si0.2, and the mol. 
weight is unknowu, in the absence of proof to the contrary, it is open to postulate mol. 
wts., (M!^0.Alo03.Si02)n, where n has any desired integral value ranging upwards 
from unity. Tlie inventors also represent by graphic formula glassy mixtures 
containing an indefinite number of fused silicates, and also impure silicates definitely 
known to be mechanical mixtures. F. W. Clarke rightly says of this system : “ A 
generalization which does too much may be worse than no generalization at all.”. 

These formulse stand virtually on the same ground in illustrating our extreme 
ignorance of the mol. constitution of the silicates. Hypotheses are often multiplied 
with reckless abandon when the evidence is feeble and the factfi are feW. This 
has been the case with the formulse of minerals. The h3rpothe8e8 may serve a useful 
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purpose if they stimulate interest and work, but an inutile purpose if they hinder 
the exploration of other useful channels by a-bigoted and intolerant attitude toward 
rival hypotheses. The insolubility and non-volatility of the silicates prevents 
a determination of their mol. wt. ; and their general chemical stability offers a 
great obstacle to the study of their mol. constitution by the usual chemical methods 
S. J. Thugutt,i2 Lemberg, F. W. Clarke and co-workers, G. Steiger, P. G. Silber, 
etc., have made a start on the substitution of radicles in the silicates ; and on 
the fractional decomposition of these compounds — vide permutites and hydrated 
aluminium silidates. A. Damour, C. Boedeker, C. F. Kammelsberg, A. Laurent, 
A. Beutell and K. Blaschke, etc., have studied the nature of the water in some of 
the hydrates — vide zeolites. According to G. Tammann, the mol. sp. lits. of the 
silicates are additive, and therefore the molecules are independent, and at temp, 
far removed from their m.p., do not vibrate appreciably. Hence, only in the 
neighbourhood of the m.p. do isomorphous complex substances diffuse into one 
another visibly. In solution, silicates undergo hydrolysis, and their behaviour in a 
soln. therefore gives no definite information as to the molecules which exist in the 
solid. The complex silicates differ from the carbon compounds in that they 
are usually decomposed when dissolved or in the fused state, and the mol. 
theory of organic chemistry finds no application in tln^ chemistry of silicates. 
As H. E. Boeke has shown, in a few cases determinations of surface tension, 
electrical conductivity, diffusion, and depression of f.p. have been (‘uiployed to 
make an estimate of the mol. wt. The study of the space-lattice through the 
X-radiograms seems at the present time to hold alluring ])romiscs for the next 
advances of our knowledge of the constitution of the silicates. Although the 
existence of definite radicles are being recognized yet the condition of this 
branch of chemistry is very like that of the organic chemistry before Avogadro’s 
hypothesis had been adopted as a guide. Such mol. formuhu as wo have are at 
present of doubtful validity. After all has been said, the constitulion of the 
silicates is not much in advance of A. Laurent's time, when he could say in his 
Memoir mr Jes silicalcs : 

We have a that contains and we discuss seriously wliother 

the atoms have the arrangement (lllSiOo.21Mg<1)-f-2(Si02.AljO.,)H-15Aq. ; or 
7(Si0,3Mg0)-|-2(3Si()2.Al20j)-l-16Aq. ; or, 7(Si63.3Mg0.2H20)-j 2(3Si6,.Al203)-f-Aq. ; 
or a hundi'ed other similar formula). What is there to prove t|iat the silica is distributed 
into throe principal groups ; that the magnesia fonns two distinct cr)nibinations : that the 
water occupies two different places ? Does this by its reactions split into magnesian 
silicate on tlie one hand, and an alurnino-magne.sian silicate on the other ? I have often 
read the discussions that have taken place on tins subject, and 1 avow that I have never 
found anything but what was arbitrary or according to routine ; what I saw most clearly, 
wa« that, in general, the greatest regard was paid to authority. . . . We should arrive at 
results quite as satisfactorily by putting tlie atomic letters of a formula into an urn, and 
then taking them out, haphazard, to form dualistic groups. 

Graphic methods for representing the composition of the silicate minerals have 
been discussed by E. S. Fedoroff,^^ J. Stiny, J. F. Kemp, J. P. Iddings and 
co-workers, C. K. Leith and E. C. Harder, E. Steidtmann, W. J. Mead, W. Lindgren, 
P. L. Ransome, J. Stiny, W. Cross, L. V. Pirsson, H. S. Washington, W. H! Hobbs, 
L. C. Graton, A. Lacroix, W. C. Brugger, H. Rosenbusch, 0. MUgge, A. Osann, 
F. Becke, A. Michel-L^vy, A. Harker, J. R. Dakyns and J. J. H. Teali, K Reycr, 
W. S. von Waltershausen, V. A. Eyles and J. B. Simpson, E. T. Wherry, etc. 

The synthesis of minerals.— The purest of minerals nearly always contain foreign 
matters which were originally present in the medium in which the crystals were 
formed. Analysis may then fail to reveal the true composition of the mineral, and 
1 ^ artificial preparation may not distinguish between the essential and accidental con- 
stituents. The experiments which have been made on the synthesis of minerals have 
shown fhat many of them are definite chemical compound, and have established 
numerous poiQts of contact between the two sciences — chemistry and mineralogy. 
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Th« experiments are no less useful in enabling geologists to appreciate the con- 
ditions which prevailed during the formation of the different mineral species, 
although, as was emphasized by E. Eremy,i^ nature sometimes works under 
conditions quite different from those which prevail in the laboratory. Still, as 

G. W. von Liebniz has said, la nature n’est qu'un art 'plus en grand. Indeed, H. B. de 
Saussure asked : Ces lois generales du monde physique n'agissent-elles pas dans %os 
laboratoires de mme qiie dans les souterrains des rnontagnes ? To-day, we realize 
that the answer must be : Oui, ceriainement. It has, however, not yet been found 
possible to synthesize some minerals ; and it may be that it never Vill be possible 
to do so. This does not mean that the answer to the above question is in the 
negative. Take a simple case. A reaction may be so slow at ordinary temp, 
that an indefinitely largo number of years is needed for the production of a par- 
ticular compound. The reaction might be accelerated by raising the temp,, but 
the products of the reaction might then be unstable and decompose. The synthesis 
of Such a mineral could not be realized under pjacticable conditions. 

The older researches of W. A. Lampadius,!^ N. G. Sefstrom, P. Berthier, J. Percy, 
F. Leblanc, and C. Bischof ; and the more recent work by C. S. B. Richardson, 
A. L. Day and E. 8. Shepherd, IL 0. llofman, W. Mostowitscb, R. Akerman, 
0. Boudouard, P. Gredt^H. Steffe, J. W. Cobb, and others show that the tempera- 
ture of formation of a sillcale may he lower than the fusion tmiperature of the com- 
ponents, provided they are finely ground, rfind intimately mixed. C. F. Plattner’s 
observation to the contrary — the fusion of a silicate occurs at a lower temp, than 
that at which its coin])onents originally fuse when they enter into combination— 
is probably based on the use of mixtures neither finely ground nor intimately 
mixed ; and without taking the time-factor into consideration. 

Silicates have been formed by fusing a mixture of the basic oxide or salt with 
silica -c.^. the alkalies and alkaline earths, lead oxide, magnesium oxide, etc. ; 
by t he action of various bases on gaseous silicon halide, etc. ; by the dissolution of 
silica gel in a salt soln., or by the treatment of a soln., of an alkali silicate with 
other salts whereby less soluble 8ilicate.s are preeijntated — CUSO4-I Na2Si03 
--Na2S04-f-Cu8i03. Silicates imitating natural minerals have been synthesized 
in numerous ways, for example : (1) By heating a mixture of Gie required con- 
stituents with boric oxide iiq'say, a porcelain kiln ; the boric oxide is volatilized, 
and the crystalline mineral is obtaineddo (2) By heating a suitable mixtnn' with 
alkali carbonate or by the fusion of the required base with a suitable borate 
or silicate. (3) By heating the oxi^Jo or a suitable salt with silicon halide — e.g. 

H. St. C, Deville’s synthesis of zinc orthosilicate by heating zinc oxide in a tube 
in a current of silicon fluoride : SiF^-f 'l^^»G--Zn2Si04 + 2ZnF2— the zinc fluoride 
volatilizes. (4) By heating the metal in a stiT'ain of water vap. and silicon halide 
— e.g. S, Meunier’s synthesis of enstatitc by heating magnesium in a current of water 
vap. and silicon chloride. (5) Silicates are often found well crystallized in furnace 
slags and similar products. (6) By heating soln. of alkali silicates, may be under 
press, with sodium aluminate,'or some other metal salt. (7) A. C. Becqiierel also 
obtained a number of crystalline silicates by electrocapillary action.^® Crystals 
of the lime-soda felspars, baryU-soda felspars, and anorthite have been obtained 
by fusing the corresponding mixture of silica, alumina, lime, and soda. The alkali 
felspars are too viscid when fused to crystallize in this way. Crystals of both albite 
and orthbclaee have been obtained by fusion along with tungstic acid, an alkali 
tungstate or phosphate, or an alkali fluoride. F. Fouqu^ and A. Michel-Levy 
obtained barium, strontium, and lead anorthites, oligoclases, and labradorites by 
fusing together mixtures containing 2-4*5 mols of silica ; one, of alumina'; 0-0*625, 
of sodium carbonate ; and 0*375-1*0, of lead, barium, or strontium oxide. 

One great difficulty attending the synthesis of silicates is their tendency to forn\ 
glasses when the constituents are fu.sed together. Some of these glasses readily 
crystallize if slowly cooled, but not if rapidly cooled. The presence of Vertain 
substances in the molten magma may promote rapid crystallization. ^For instance. 
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a tungstate or vanadate promotes the separation of crj^stals of felspar when mixtures 
of alkali, silica, and alumina are fused together. Certain gases, too, favour crystal- 
lization — e.g. nitrogen gas favours the conversion of amorphous into crystalline 
zinc sulphide. H. St. C. Deville,20 following E. de Beaumont, employed the term 
agents miner alisaieurs or mineralizers for the substances W'bich favour crystallization. 

Je les characterise par cette perp6tiiit4 de leur action qui se continue indenniment 
jusqu’a ce qu’elle soit fix^e par les maticres autres quo celles sur lesquelles elles sont appelt^es 
A rAagir pour ain§i dire par leur seule presence. 

The agents miner alisateurs have also been called cristallisateurs, and Krystallisatim- 
agentien. The most common mineralizing agents are the chlorides and fluorides 
of calcium, magnesium, alkalies, and silicon ; the borates, phosphates, and tung- 
states of the alkalies or alkaline earths. Although in some cases the action of the 
mineralizing agent may be catalytic — whatever that may moan— this does not 
appear to be usually the case, for th£ addition may act by diminishing the viscosfty 
or solvent action of the magma, or by lowering the temp, limits of its stability. 
For example, calcium metasilicate separates above 1200"^ in hexagonal crystals, but, 
in the presence of calcium fluoride or sodium borate, monoclinic wollastonite 
separates at a temp. 200'^-300° lower. Again, m J\ Hau^douille’s experiments 
on the formation of quartz by heating silica with lithium molybdate below 900" ; 
without lithium molybdate a temp, exceeding 9(X)" is necessary for the (;rystallization, 
and tridymite is formed. P. Hautefeuille also synthesized other silicates in presence 
of tungstates or vanadates, e.g. with a mixture of silica, alumina, and potassium 
tungstate, orthoclase was obtained ; and leucite if the alumina be in exc(‘s8 ; with 
lithium tungstate, petalitc was formed ; and with ferric-oxide, potassium hydroxide, 
and silica ferri-leucite was produced. Other substances may retard crystalliza- 
tion — alumina, for instance, as shown by J. Pelouze,-'- L. Apjjcrt, 0. Bontemps, 
and J. H. L. Vogt, promotes the formation of glasses, and retards devitrification. 

Other examples of the different syntheses are indicated in connection with 
specific minerals. The more important monographs on the subject are : 

A. DaubrAe, ttudes synthitiques de giologie expirhnetUale, I’oris, 1879 ; F. Fouqu6 
and A. Michel-LAv^, Synthkse des min6rai<x cl dcs roc/«!af ) ’aria, 1882; S. Meunier, Lee 
mUfiodes de eynthhe en mmhalogie, Paris, 1891 ; H. Micho], Die kumtlirlcen Edehtcin, 
Leipzig, 1914 ; A. Giirlt, UehersicfU der pyrogennden kumlluhen Nmcralicn, Freiberg, 
1867; L. Bourgeois, J.a synthhe miniralogique, Paris, 1884; fteproduction par vote ignh. 
d’«n certain nomhre d'eaphes mindralea appartma7iLaux families des silicates, des tilmiates 
et des carbonates, I’aria, 1883 ; E. Dittler, MineraU^Uhettsches Draktihim, Dresden, 1915. 


Rkkkrences. 

^ L. Kahlenberg and A. T. Lincoln, Journ. Phjs. ('linn,, 2. 77, 1898; F. Kohlrausch, Zeit. 
phys. Chem., 12. 773, 1893. 

* J. J. Berzelius, Schweigger's Journ , 0. 119, 284, 1812 ; 7. 43, 1813 ; 11. 193, 1814 ; 12. 
17, 1814 ; 14. 31, 1815 ; 15. 277, 301, 419, 1816 ; Apuind. Fysik Kemt Min., 4. 1. 1815 ; System 
fdr Mineralogien, Stockholm, 1814 ; Ann. Chim. Phys., (1), 78. 6, 105, 217, 1811 ; (1), 79. 113, 
233, 1811 ; (1), 80. 6, 226, 1811 ; (1), 81. 6, 278, 1812 ; (1), 82. 5, 113, 226, 1812 ; (1), 83. 6, 
117, 128, 1812 ; Phil Mag., 41. 3, 81, 197, 275, 334, 401, 1813 ; 42. 40, 135, 171, 265, *371, 440, 
1813 ; 43. 42, 88, 161, 245, 1814; Journ. Phys., 73. 253, 1811 ; Nicholson's Journ., 34. 142, 
163, 240, 313, 1813 ; 36. 38, 118, 159, 1813 ; B. Gossner, Der chemische Ban der Sihkate, Tubingen, 
1923; Centr. Min., 613, 1921 ; 129, 193, 1922 ; J. Smithson, Phil Trans., 101. l7l, 1811 ; 
C. Friedel and J. M. Crafts, .4nn. Chim. Phys., (4), 9. 6, 1866 ; (4), 19. 334, 1870 ; A. Laurent, 
ih., (3), 21. 64. 1847 ; Cempt. Bend., 23. 1065, 1846 ; 24. 04, 1846 ; Journ. Pharm. Chim., (3), 12. 
70, 1847; Compt. Bend. Trav. Chim., 256, 1849; E. FrAmy, Compt. Bend., 40. 1149, 1866; 
A. Wurtz, Ann. Chim. Phys., (3), 09. 369, 1863; Mon de philosophie ckimique, Paris, 
180, 1864; Bipert. Chim. Pure Appl., 2. 449, 1860; W. Odling, Phil. Mag., (4), 18. 360, 
1859 ; Chem. News, 15, 164, 230, 1867 ; C. Weltzien, Syslematische Uebersicht der Silicate, Giessen, 
4o, 1864; K. von Haushofer, Die Constitution der nalllrlichen Silicate, Braunschweig, 1874; 
C. Boedeker, Die Zusammenseizung der natHrlichen Silicate, Gottingen, 1867 ; L. Bombicci, La 
teoria deue assoeiazioni poligeniche dei silicaii minerOli, Bologna. 82, 1868; P. Groth, Tabei- 
larischc Ueberskhi der Mineralien, Braunschweig, 1898; G. St^eler, Journ. prakt. Chem., (1), 



316 INORGANIC AND THEORETICAL CHEMISTRY . 

M. 70 1860 ; F. W. Clarke, The Constitution of the Natural Silicates, Washington, 1914 ; 
V. Wartha, Mig’a Ann., 162. 320, 1873; 4< Safarsik, Ahhand. Bohm. Akad., {Q), 7. 8. 1874; 
C. SimraondH, Journ. C/tem. Soc., 83, 1449, 1903 ; 85. 681, 1904 ; A. Streng, Ber. Oberhess. Oes. 
Nat., 16. 74, 1879 ; T. H. Hunt, Anier. Journ. Science, (2), 15. 226, 1853 ; (2), 16. 203, 1863 ; 
(2), is. 209,’ 18.54 ; Phil. Mag., (4), 5. 52(}, 1853; Proc. Amer. Assoc., 237, 1854; N. Lawroff, 
Zeit. Chem.[ (1), 4. 279, 1861 ; R. R. SoHiimn, Journ. Franklin Inst., 194, 741, 1922 ;*R. Weg- 
schneidor, Zetl. Hlektrochem., 25. 352, 1919; E. J. Chapman, Phil. Mi^., (4), 8. 270, 1852; 
J. W. Dobereinor, Grundriss der allgemeinen Chemie, Jena, 1826 ; Schweig^fs Journ., 10. 113, 
1814 ; J. J. Ebelnion, Ann. Chitn. Phys., (3), 16. 129, 1846 ; L. Troost and P. Hautefeuille, ib., 
(4), 7. 462, 1870. 

» J. J. Ebelmen, Cotnjd. Rend., 19. 398, 1844 ; Ann. Chun. Phys., (3), 16. 129, 1846 ; Journ. 
Pharm. ('him., (3), 6. 262, 1844 ; C. Friedcl and J. M, Crafts, Compt, Rend., 56. 690, 1863 ; 60. 
970, 1865; 61. 792, 1865; 92. 833, 1881; Bull. Soc. Chim., (1), 1. 174, 238, 1863; (1), 2. 100, 
1864 ; (1), 3. 356, 1865 ; Amcr. Journ, Science, (2), 40. .34, 1865 ; (2), 43. 165, 331, 1867 ; Ann. 
Chim. Phys., (4). 9. .5, 1866; (4), 19. 334, 1870; F. S. Kipping, C/iem. /Soc., 101. 2108, 
2125, 1915 ; h. 'rroo.Ht and R Hautefeuille, Ann. Chim. Phys., (4), 7. 452, 1876. 

* J. A. Meads and F. S. Kipping, Journ. ('hem. Soc., 107. 459, 1915 ; F, S. Kipping, ib., 101. 
2108, 2125, 1912 ; F. S. Kipping and K. Robinson, ib., 106. 459, 484, 1914. 

* C. Fnedel and .1. M. ( drafts, Ann. ('him. Phys., (4),* 9. 5, 1866 ; (4), 19. 334, 1870. 

® J. .1. Rer/.eliu.s, System for Mtncralogicn, ^tock}^o\m, 1814; London, 1814; F. W. Clarke. 
The Conshlution of the Natural Silicates, Washington, 1914. 

^ C. F. Kaniuu'Lsberg, Zed. dent. gcol. Ges., 21. 115, 1809 ; H. A. Brauns, Die chernische Con- 
stitution and ruilurlichr Gruppirung der Tonerde- Silicate, Halle, 1874 ; V. Goldschmidt, Zeit. 
Ary.<,17. 31, 1890. • 

* G. 'I’schermak, Sdiiei-, Akad. H'icn, 49. .566, 1864 ; 60. 14.5, 1870; E, Bauer, ZeB. phys. 

Chem.,52. 567, W. Vernadsky, Zeit Kryst., 34. 37, 1901 ; J. Morozewicz, Tschermak's 

MiU., (2), 18. 1, IHiKl. 

® W. Gibbs, Amir. Journ. Science, (3), 14. 61, 1877; Amer. Vhem. Journ., 1. 1, 1879; 2. 
217,281, 1880; 3. 317,402, 1881. 

J. J, Berzelius, Siplm for Mineralogien, litoekholm, 1814 ; London, 1814 ; Niirnberg, 
223, 1847; V. Wartha, Lubii/s A nn. , 162. 3.30, 1 873 ; ( Bodecker, Die Zusammensetzung Silicate, 
Gottingen, 1857 ; W. (Idling, Phil Mag., (4), 18. 368, 1859; 3\ Schcerer, Pogg. Ann., 70. 545, 
1847 ; 1’. A. von Bonsdorf, Ann. Chun. Phys., (1), 20. 28, 1822; 1), A. Brauns, Die chernische 
KonstUnlion und milurliche Gruppirung der Thon-silicale, Halle, 1874. 

" S, L. IV'iifield and H. W. Foote, Amer. Journ. Science, (4), 7. 97, 1899; W. Vernadsky, 
R.A.Rep., 435, 1923 ; Zeti. Kry4., 34. 37, 1901 ; R. Seharizer, ib., 22. 369, 1894 ; W. and I). Aseb, 
Die Stlicnle in chemise her und tcchnisclnr Bezichiuig, Beiiin, 1911 ; K, Zulkowsky, Silzber. Akad. 
M'u a, 109. 851, 1900; R. Gans, Jalirh. preuss. Giol. Landesnusl, 20. 179, 1905 ; 27. 63, 1906; 

F. Ullers, Journ. piakt. Chem., (2), 76. 143, 1907 ; W. Rukall, Per., 43. 2095, 1910 ; W. Manchot, 
ib., 48. 2603, 1910 ; J W. Mellor and A. 1). Htddcroft, Trarus. ('cr. Soc., 9. 94, 1911 ; 10. 169, 
1912; 12. 83, 1914; W. .Stremni^, Fortsclir. Mui., 2. 87, 1912; R. Schwarz and H. Bausch, 
Ber., 54. 802, 1921 ; 1*. Erculisse, Bull. Soc. Med. Nat. RriixAles, 96, 1920 ; Un essai de dassifi- 
cation chimiqiie des stlicales lut^iirt Is, Hruxelle.s, 1920; J. Jakob, UelneUca (Jhirn. Acta, 3. 669, 1920. 

A. liJiuront, Mdhode de cltimie, Paris, 1854 ; London, 1855 ; Compt. Rend. Trav. Chim., 
256, 1849 ; Compt. Rend., 24. 10.50, 1846 ^Jovrn. Pharm, Chim., (3), 12. 70, 1847 ; P. 0. Silber, 
Ber., 14. 941, 1881 ; S. J. Tliugutt, Neucs Jahrb. Min. B.B., 9. 555, 1894 ; Minernlchemische 
Studkn, Dorput, 1891 ; Zeit. anorg. Chem., 2. 148, 1892 ; G. Tainniann, ib., 125. oOl, 1922 ; 
A. Beutell and K^ Blnsehke, Cent:. Min., 142, 195, 1915; F. W'. Clarke, Amer. Journ. Science, 
(4), 8. 245, 1899 ; BiiU. U.S. Geol Sur., 125, 1895 ; Steiger, ib., 262, 1895 ; F. W. Clarke and 

G. Steiger, Amer. Jmrn. Science, (4), 8, 24.5, 1899; (4), 9. 117, 345, 1900; (4), 13. 28, 1902; 
F. W. Clarke and E. A. Schneider, ib., (3), 40. 303, 405, 452, 1890 ; (3), 42. 242, 1891 ; A. Damour, 
Cotnid, Rend., 40. 942, 1855 ; C. Boedeker, Die Zvsaumenseizung der ndturlicken Silicate, Got* 
tingen, 1867 ; 0. 'F. Rainmelsberg, Zeit. deul. gejiL Ges., 21. 115, 1869 ; J. Lemberg, ib., 22. 
336, 1870; 24. 187, 1872; 28. 519, 1876; 29. 457, 1877 ; 36. 657, 1883; 37. 959, 073, 1886; 
89. 699, 1887 ; 40. 625, 651, 1888 ; H. E. Bot'ke, Neues Jahrb. Min. B.B., 89. 64, 1914. 

E. S. Feduroff, Bull. Acad. Russ., 6.31, 646, 1918; J. Stiny, Centr. Min., 392, 1923; 
i). F. Kelnp, School Mutes (^uart., 22. 75, 1901 ; J. P. Iddings, W. ('ruse, Jj. V. Pirsson, 
and U. S. Washington, Quantitative Chmijiailion of Igneous Rocks, Washington, 1903 ; 
C. K. Leith and E. C. Harder, BuU. U.S. Ckol Sur., 338, 1908 ; F. L. Ransome, Prof. Paper U.S, 
Geol. Sur., 66,tl909 ; 75, 1911 ; L. C. Gratun, ib., 64, 1906 ; J. R Iddings, ib., 18, 1903 ; BuU. 
Phil. Soc. Washington, 11. 207, 211, 1890 ; 12. 1, 1892 ; Igneous Rocks, New York, 1. 8, 1909 ; 
Journ, Geol., 1. 173, 1893 ; 0. 02. 219. 1898 ; H. S. Washington, ib., 3. 160, 1895 ; BuU. Amer. 
Oed. Soo., 11. 404, 651, 1900; W. Lindgren, Mineral Deposits, New York, 846, 1913; Econ. 
Geol., 7. 521, 1912 ; W. J. Mead, ib., 7. 136, 1912 ; E. Steidtmann, ib., 3. 381, 1908 ; W. S. von 
Waltorshausen, Ueber die vulkanischen (ksieinc in Sicilien und Island, und ihre submarine 
UmbiUung, Gottingen, 1863; E. Reyer, Theoretische Geologie, Stuttgart, 1888; J. R. Dakyna 
and J. J. H. TeaU, Journ. Geol. Soc., 48. 116, 1892 ; A. Harker, »6,, 61. 146, 1896 ; Journ. Oedi, 
8. 389, 1900 ; W. H. Hobbs, ib., 8. 1, 1900 ; A. Michel-LAvy, BuU. Carte Okl. France, 9. 57, 
1897 ; Bull Ged. Soc., (3), 25. I, 1897 ; (3), 28. 1, 1898 ; V. A. Eyles and J. B. SimpwSin, GeoL 
Mag., 68. 436, 1021 ; A. Osann, TschemaPs Mitt., (2), 19. 361, 1900; (2), 20,398, 1901 ; (2), 



SILICON 


317 


21. 365, 1902 ; F. Becke, ib., (2), 16. 315, 1897 ; (2), 20. 398, 1901 ; (2), 21. 365, 1902 ; 0. Miigge, 
Neties Jarhb. Min., i, 100, 1900 ; H. Rosenbusohj ElemenU der Oesteinaldire, Stuttgart, 1923 ; 

W. C. Brogger, Die EruptivgesUine dea Kriatianiag^ietea, Kristiania, 1898 ; A. l.acroix, Comji. 
Rend. Ocol. Gong. Inter^., 8. ii, 834, 1901 ; Nouv. Arch. Mua. Hist. Nat., (4), 1. 180, 1902 ; 

VV. Cross, Ann. Rep. U.8. Qeol. Sur., 18. ii, 324, 1896 ; L. V. Pirsson, *6., 20. iii, 568, 1900 ; 

F. Machatschky, ib., 233, 1924; J. Stiny, Centr. Min., 392, 1923; E. T. Wherry, Amn. Min , 

10. 140, 1925. 

E. Fr6my, CUmpt. Rend., 85. 1029, 1877 ; H. B. do Saussuro, Voyctgea dam lea Alpes, 
Neufchatel, 1779 ; G. W. von Leibniz, Protogaea sive dc prima facie teUuria, Gottingsc, 1749. 

W. A. Lampadius, Journ. Minea, 18. 171, 1805; Ilandlmch der iiUgemevmi IWienkunde, 
Gottingen, 1. 127, 1801 ; N. G. Sefstroui, Journ. lech. okon. CJum., 10. 145, 1831 ; Jrrn. Kont. 
Ann,, 1. 155, 1828 ; P. Berthier, Ann. MincJi, (1), 8. 483. 1822 ; Traili de eaaais par la voie skhe, 
Paris, 1. 391, 1834 ; J. Percy, Metallurgy, London, 59, 1875; C. Bischof, Dinglei'^a Journ., 165. 
378, 1862 ; A. L. Day and E. S. Shepherd, Journ. Arncr. Chcm. Soc., 28. 1092, 1906 ; 11. 0. Hof- 
man, Tram. Amer. Inst Min. Eng., 29. 682, 1899 ; 31. 682, 15)01 ; 39. 628, 1908 ; 40. 807, 1909 ; 

41. 761, 1910 ; W. Mostowitsch, Met, 6. 4.50, 1909 ; R. Akcrman, SUihl Eisen, 6. 281, 387, 1886 ; 

P. Grodt, ib., 9. 756, 1889 ; 0. Boudouard, Journ. Iron Steel Inal., 67. i, 339, 1905 ; Rev. Mit., 

3. 217, 1906; Compt Rend., 144. 1047, 1907; Rev. (’him. Pure AjrpL, 9. 455. 15K)6; Md^ 4. • 
816, 1907 ; C. S. B. Richardson, Iron Sled Mag., 10. 295, 1905 ; E. S. vShcphord and G. A. Rankin, 
Amer. Journ. Science, (4), 28. 293, 1909 ; J. W. «obb, Journ. Soc. Ghern. Ind., 29. 69, 250, 335, » 
399, 1909 ; C. F. Plattncr in F. T, Merbach, Die amvcndung der crwdnnten Gebldaeliifi im Gibide 
der Metallurgic, Leipzig, 288, 1840 ; H. Stcffc, Ih her die BiUlung.'itemjKratureneinigerEiaenoxydul- 
Kalk-Schlacken und einiqer kalkfreien Eiseuo.iydnl-Sehlaeken. deren Kenninisfllr daa Verschmclzen 
der Bleierze Bedeutung hat, Berlin, 15)08 ; F. Leblanc, Bull. Soc. Phifpmctlh,, 266, 1845. 

J. J. Ebelrncn, Ann. Chitn. Phga., (3), 20. 211, 1847 ; (3), 22. 238, 1848; (3), 16. 129, 
1846 ; (3), 33. 34, 1851 ; Compt Rend., 32. 7iy, 1851 : 33. .525, 1851 ; Phil. Mag., (3), 31. 311. 
1847. 

S. Mcunicr, Compt. Rend., 90. 349, 1009, 1880 ; Jl. St. C. Dcville, ib,, 52. 1304, 1861 ; 54. 
324, 1862. 

A. C. Becqucrel, Compt. Rend., 64. 919, 1211, 1867 ; 65. 51, 720, 752, 1867 ; 66. 77, 245, 
766, 1066, 1868 ; 74. 1310, 1872 ; 76. 24.5, 845, 1037, 1873 ; 78. 1018, 1081, 1874 ; 79. 82, 1281, 
1874; 80. 411,585, 1875. 

F. Fouquo and A. Michel -l..evy, Synihhe dea mineraux el des roches, Paris, 138, 145, 1882 ; 
Compt Rend., 90. 620, 1880; 87. 700, 771), 961, 1878; S. Mcunicr, ib., 111. 138, 1890 ; P. HauU^- 
feuille, ib., 84. 1301, 1877 ; 85. 9.52, 1877 ; 90. 830, 1880 ; A. L. Day and E. T. Allen, Amer. 
Journ. Science, (4), 19. 93, 1905 ; Doelter, Ncue^i Jahrb. Min., i, 1, 1897. 

E. de Beaumont, Bull. Soc. GM., (2), 4. 1249, 1847 ; H. St. 0. Dcville, Compt. Rend., 52. 
,1264, 1861; P. :Niggli, Geol. Rand., 3. 472, 1912; J. Morozewicz, T-^elarmalc's Mitt, (2), 18. 
227, 1899. 

P. HautefeuiUe, Compt. Rend., 54. .324, 1862. 

22 J. Pelouze, (fompt Rend , 64. 53, 1867 ; G. Bontcmp.sft/' , 64. 228, 1867 ; L. ApiiiTt, ib., 
122. 672, 1896; ,1. H. L. Vogt, Beitrdge zur Kenntnia der Gcsetze der Miiieialbildvng in Sehmelz- 
maasen und in den Ncuvulkamschen, Kristiania, 218, 1892. 


§ 23. The Alkali and Ammonium Silicates-Water-glass 

In the first century of our era, fliiiy i descrilnnl the preparation of a glass by 
fusing together a mixture of white, .sand with three parts of nitre. G. B. Porta 
likewise prepared a glass by fusing rock crystal and cream of tartar ; and G. Agricola, 
by fusing flint and cream of tartar. J. B. von Ifelmont said that this glass 
deliquesces when kept in a damp place. He added : 

If stones, gems, sand, marble, flint, etc., be boded in alkalidye, they will dissolve, and 
the liquid when treated by acids, will yield a dust (precipitate) -^^al in weight.to that of 
the original mineral used. 

J. R. Glauber called the sobi. of flint in alkali-lye liepm silicum or olewn silwum 
—oU or liquor'.oj flints, sand, or crystal— and added : 

Take one part of white quartz or sand, mix it with three or four parts of salt of tartar 
or any other alkali, and put the mixture into a crucible so as not to fill more than one- 
third of it ; since otherwise, in melting, the mixture would rise and flow out of the crucible. 
Let it stand in the fire half an hour that it may be well ignited and changed to a pellucid 
•class. Pour it out, and dissolve in water or better in lyo ; and the sand or silica will bo 
dissolved, and changed into a thick water. The transparent clear glass is nothing but the 
moot flked parts of the salt of tartar and of flint united by heat, and turned to a soluble 
glass* wherein lies hidden a great heat and fire. So long as it is kept dry from the air, 
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it cannot be perceived in it ; but if you ix)ur water on it, then its secret heat will discover 
itself. If you make it into fine powder in a warm mortar, and lay it in a moist air, it wUl 
dissolve and melt into a thick fat oil, and leave some fseces behind. 

Jf. N. von Fuchs, in 1818, made soluble soda-glass by fusing a miirture of 150 
parts of white sand, 100 of soda ash, and 3 of charcoal in a reverberatory furnace, 
and extracting the cold glassy mass with water. The aq. soli^. was evaporated 
to dryness and fused to form what he called Natronwasserglas ; with potassium 
carbonate, in place of sodium carbonate, Kaliwaserglas results. Many other pro- 
portions have been recommended by 1*. Ebell,^ A. Mitscherlich, *J. M. Ordway, 
J. von Liebig, G. Forchhammer, D. A. Peniakoff, H. Propfe, B. von Ammon, 
H. V. Kegnault, L. A. Buchner, H. Fleck, etc. Commercial water-glass is made 
by J. N. von Fuch’s process, and the glas.sy mass is extracted with water in an 
autoclave. J. M. Ordway used sodium sulphate as the source of the alkali. If 
» alumina, lime, or magnesia are present, the product will not be soluble. The 
atl^erapt to make, hydrogen chloride and sodiuqi silicate by the action of steam on 
a mixture of sodium chloride and silica^-discussed by R. A. Tilghman, W. Gossage, 
R. Lieber, H. GriinebiTg and J. Vorster, H. H. Lake, C. F. Claus, and A. lingerer 
—has not been successful (2. 20, 28). K. Schliephaeke and H. Riemann fused 
felspar or a silicate rocl^c.d/. granitc—with raw carnallite, and extracted the mass 
with wat(fr. Water-gla.ss is also made by wet processes. For example, J. N. von 
Fuchs di.ssolved freshly precipitated silicic/icid in an aq. soln. of the alkali hydroxide. 
Soln. of alkali silicate with a definite ratio of base to silica were made in this way 
I by J. M. van Bemmelen, F, Mylius and F. Forster, R. Lijpke, L. Kahlenberg and 
I A. T. Lincoln, etc. Commercially, water-glass is made in the wet way by dissolving 
I powdered flint, quartz, or kieselguhr in a soln. of sodium hydroxide of sp. gr, 1’22- 
i 1'24: under 3-4 atm. press, in an autoclave for about 3 hrs. E. Kleinschmidt and 
j F. Steinberg recommended calcined kieselguhr. The soln. is heated by blowing 
ill steam ; and the liquor is finally evaporated in iron pans to a sp. gr., say, 1'7. 
If the water-glass contains more silica than corresponds approximately with 
Na^O.SSiO.^, the excess of silica for water-glass is particularly liable to separate from 
the soln. The use of kieselguhr as a source of silica has been discussed by J. von 
Liebig. J. M, Ordway, A. Scheurer-Kcstuer, and R. Meyer. J. W. Hinchley discussed 
the preparation of sodium sWicate from the Icueite residues left*after the removal 
of potash and alumina. To convert the liquid into the solid form E. A. Paterson 
recommended warming R at CO'" under reiluced press, until the water-content is 
3() per cent. The solid product is^uound to a tine powder and dried until the 
water-content is 12 per cent. The resulting dry powder is readily soluble in water. 

According to J. N. von Fuchs, and J. M. Ordway, water-glass in 10 per cent, 
soln. is purified by treating it with onc-tent»h its weight of alcohol whereby the 
earths and metal oxide impurities are precipitated ; after standing a few hours, 
one part of the filtrate is treated with two parts of alcohol when most of the sodium 
silicate is precipitated. This can be dried on absorbent paper, dissolved in four 
times its weight of water, and the alcoholic treatment repeated— 3 or 4 times if 
necessary. A. Lielegg had previously recommended the alcohol process for purify-* 
ing water-glass. E. Jordis recommended digesting the soln. of water-glass at 60® 
for some* time, when the flecks which separate contain most of the impurities. 

The manufacture and properties of water-glass have been specially discussed 
by B. Ropp, A. A. Perazzo, 0. Maetz, G. Deguide, W. H. Stanton, L. Schneider, 
J. M. Ordway, H. Zwick, J. W. Hinchley, L. Bernhard, H. Kratzer and L. E. And4s, 
M. Lenglen, F. Capitaine, F. C. Kuhlmann, F. Ransome, L. W. Codd, C. Bergeat, 
W. H. Dickerson, L. Schneider, W. H, Stanton, etc. According 4;o F. J. Phillips, 
to jobtain a soluble alkali silicate of high silica content, the product obtained 
by the fusion of alkali and silica is dissolved in water and an acid thei^ 
added. Gelatinous silicic acid is precipitated. This precipitate by con- 
tinued agitation is made to re-dissolve. The acid, preferably sulphurtc acid, 
may be added in the form of spray, and after the subsequent agitation 
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or grinding, the soln. may be evaporated to dryness. To increase tlie fusibtfit^] 
of the aUcali and silica, a little borax has been employed. I. P. libiQlf 
evaporated the soln. by bringing a heated cylinder in contact with the soln. of 
glass in vacuo, and so obtained the dry product which could easily be brokei^ 
into fine flakes soluble in water ; and W. Clayton and H. W. Richards sprayed tliO 
soln. into the top of a tower where hot air was introduced at 110® ; the exit 
at the bottom passed through bag filters to collect the powdered silicate. A solid 
soluble glass is made by grinding the ordinary insoluble glass either dry (R. M. Caves) 
or wet (J. W. Sj)ensley and co-workers), and heating the product mixed with a little 
water, until a vitreous solid is obtained which dissolves readily and completely even 
in cold water. 

The composition of some commercial grades is shown in Table XI. Many other 

» • 

Table XI. — Composition op Some Commehciai. Grades op Water-glass. 
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grades are available for special purposes. In addition to these soln., silicate of 
soda can also be obtained in the form of lump gla^s, which can be dissolved in 
press, dissolvers at high temp., and also in the form of white powders which can be 
easily dissol'^ed in hot water. These powders usually contain 15 to 20 per cent, of 
water and 85*to 80 per cent, of .<»olid sodiuril silicate. In order to prepare water- 
glasses with a high silica content, F, J. Phillips and E. J. Rose dissolved precipitated 
silica in a sob. of water-glass. 

The properties of water-glass.—After a soln. of wakr-glass had been exposed to 
the atm. two days, H, Ditz detected nitrous acid in the soln., and the amount 
increased as time went on. No hydrogen dioxide could be detected by means of 
titanic acid. When a three months old soln. is acidified with hydrochloric acid, 
carbon dioxide is evolved, and there is an odour resembling chlorine, though none 
can be detected. The chlorine found by E. Jordis may have been due to the action 
of decomposition products of nitrous acid on hydrochloric acid in presence of ferric 
and manganese compounds. F used water-glass is dissolved by cold watei - very sloi^y, 
and even with boiling water the process is slow, and it proceeds so uniformly that the * 
bits retain to the last their original form, except for a rounding of the sharp angles. 
If the proportion of silica be greater than that of a disilicate, the process of dis- 
solution is tardy, and this the more the greater the proportion of silica. F. Mylius 
and F. Forster said that water-glass is decomposed by water into free alkali and 
silicic acid, a certain proportion of the latter becoming hydrated and dissolved^ 
The soda water-glasses dissolve rather more slowly than the potash water-glasses 
The Jionosilicates are comparatively quickly dissolved, Pukall said th»! 
%oda and potash glasses are about equally soluble in water, and the solubility 
each falls with increasing silica content. The solubility is greatly impeded if eartl 
impurities be present, so that sands containing mica, felspar, lime, clay, iron oxid' 
etc., are not suited for making water-glasses. When a water-glMs containing tht 
I impurities is treated with boiling water, earths and metal oxides may be left 
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an insoluble sediment. Some foreign matters may be dissolved because a soln. of 
water-glass can dissolve traces of most oxides, and the solvent power incyeases with 
the cone, of the soln. Hence, a soln. which is slightly turbid when dil. becomes 
clear by cone. — and conversely. P. A. Bolley, indeed, found that even the oxides 
of calcium, barium, and magnesium are slightly soluble in water-glass liquor. Dry 
water-glass coloured with manganese oxide is pink or violet, and, as F. C. Kuhlmann 
showed, it furnishes a pink or brown soln. A cone. soln. of water-glass is syrupy ; 
and, when boiled, or exposed to air, it becomes covered with a tough skin which 
disappears when thrust beneath the surface of the liquid. The general properties 
of water-glass were discussed by J. G. Vail. •!!. Bteele and J. W. Mellor found a 
sample of soda water-glass with 16*1 per cent, of alkali, calculated as soda, 36*6 
jwr cent, of silica, and 48*3 per cent, of water, or 51*7 per cent, of Na20:2*3Si02, 
had a sp. gr. 1*71 : • 

Per cent. NhjO : 2-3Si02 •• . 51-71 48-61 41-35 35 89 24 45 

Sp.gr.. ... . 1-71 1-64 1-62 1 44 1*28 

The liquor known in comnierce as water-glhss is a colloidal soln. of silica in a 
soln. of sodium silicate ; the ratio Na^O : Si02 varies molocularly from 1 : 1*5 to 1 : 4. 
I'he possible “ dry contents ” of a soln. incroas(;s greatly as the proportion of sibca 
lecroases, and at the same time, the viscosity of the liquid at a given sp. gr.- 
decreases. Thus, according to R. Furness, with two soln. having the ratios 1 ; 1*5 
and 1:4, the former is a thin liquid easily poured, while the latter is jelly-like 
and stiff. He gave for the viscosity in C.G.S. units at 20° : 

Sp.gr 1-4250 1-4386 1-3680 1-3698 

Ratio NaaO : SiO, .... 1:3*26 1:3 10 1:3*63 1:3-48 

Viscosity 21*9 10*8 31 1*7 

J. D. Malcolmson found that the vol. of adhesive water-glass could be increased 
25 per cent, without impairing the viscosity and other desirable qualities by the 
addition of urine. After the liquid has been evaporabid at a high temp., the water- 
glass is malleable and very t(‘nacious ; and it may be drawn into threads like melted 
glass. It dries to a varnish of stony hardness when spread in a thiit layer, but it 
does not part with its water except aS the alkali is carbonated. J. F. Spencer and 
K. Proud obtained orthosilicic acid at the anode by the electrolysis of a 50 per cent, 
soln. of sodium silicate. The cathode was a platinum dish, and the anode a coil of 
platinum wire in a porous cell. 

J. N, von Fuchs found that air-dried water-glass retained 12 per cent, of water ; 
and J. M. Ordway found that a layer 0*25 in. thick retained 29 per cent, of water 
after being kept in a dry atm. for 2 years. The cake was then capable of bending 
under a steady press. The last portion of water was expelled only at a red heat. 
The affinity of water-glass for water is shown by the generation of heat observed 
by F, Mylius and F. J’orster when the two substances are mixed. Fifty grammes of 
pulverized potash water-glass, K.20.3Si02, were well mixed with enough water to form 
a thick pulp, which was loft to itself at 18°. In a quarter of an hour the temp, had 
risen to 32°, ^nd it remained at about this temp, for a long time. When the same 
glass, mixed with a little water, was warmed on a water-bath at 55°, the temp‘. 
of the mixture rose in a few minutes to 80° ; and in about ten minutes the pulp 
had solidified into a homogeneous mass. This property accounts for water-glass 
setting like hydraulic cement, under water. The pulp formed by the swelling-up 
|Whioh occurs when it absorbs- water, cements together the as yet unhydrated^ 
ipafticles of the powder. In a day or two it becomes a glassy mass, of the hardness 
j^)f stone, containing up to 50 per cent, of water. When heated, it gives out this 
^jj^ater with violent tumescence ; and at a red heat it acquires the character of 
jjjUmice. Soda water-glass combines with cold water much more slowly. When 
iduced to powder, and kept under water, it takes two or three months to harder^. 
'. W. Morey represented his observations on the efiect of press.— «.c. the amoipif 
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of water added—on the solubility of water in water-glass by Fig. 55. According to 
W. Stericker, soln, of sodium silicate are shown by the ultra-microscope to be two- 
ptase systems, and the disperse phase is negatively charged. ^ ^ 

He said that when, say, 2 grins, of anhydrous glass of the y 

composition K 2 O : Si 02 is heated with 1-5 c.c. of water, the ^ 6-0 ^ 

cooled product is a hard homogeneous bydiated glass contain- ^ / 

ing 8-25 per cent, of water. The amount of water retained ^ 7 

by the glaa^ depends on the temp., and increases as the — r 

proportion of water initially employed is increased, in general S J 

accord with Henry’s law. As the water-content of the glass ^ ^ 
increases above 25 per cent, the product passes gradually, ^ 

and continuously, from a hard, brittle glass to a very stiff GrdmHfOin^iAiS 
paste, and finallj^to a very viscous soln. resembling ordinary —The Effect 

water-glass. This is a striking illustration of the fact that of I’roHsure (amount 

k glass is merely a supercooled liquid. Similar hydrated of added water) on 

glasses were obtained by A. I. Walcker, J. N. von Fuchs, the Solubility of 
J. M. Ordway, etc,, by evapoiating aq. soln. of water-glass ; 
for they noted that the last portions of water are expellpd only ^ 
at a temp, approaching redness. The hard glasses were liquid at the temp, of their 
formation so that liquid soln. containing water and alkali silicate, may exist in 
equilibrium with solid and vapour up to 5W. It should also be pointed out that 
these hydrated glasses, liquid at the temp, of the experiment, may be regarded 
as fused mixtures, for the m.p. of the alkali silicate is greatly lowered by the addition 
of water. For example, K 2 S 12 O 5 melts at about 1015®, but addition of about 8 per 
cent, of H 2 O lowers its m.p., to about 500®. J. N. von Fuchs, A. 1. Walcker, 
J. M. Ordway, C. Barus, etc., noted the swelling of hydrated glasses when heated ; 
and G. W. Morey said that if a fragment of the clear, homogeneous, hydrated glass, 
the size of a pea, is contained in a 30 c.c. crucible, and heated over a flame, the sub- 
stance swells enormously, often overflowing the crucible ; the swelling continues 
until most of the water has been driven off. The spongy or pumiceous mass is 
composed of vesicles of the alkali silicate glass, often with walls thin enough to show 
interference colours. 

In 1775, J. (J. F. Meyer observed that liquor silicum diluted with a certain 
amoun'.; of water may bo mixed with acids without precipitation ; and he assume^ 
that silica is cither soluble in these acids or else is transformed into another earth. 


T. Bergman showed that the silica is precipitated if the soln. be not too dil. ; and 
when the soln. is dil., he said that the particles of silica are so finely subdivided that 
they remain suspended in the liquid. When’S dil. (wid is added to a dil. soln. of 
sodium silicate, there is no immediate precipitation of silica, but after some time 
the whole liquid gelatinizes. The coagulation is faster with sulphuric acid than it 
is with hydrochloric acid ; with the latter, the change may be delayed a long 
time, and the mixture may even be heated and partially evaporated without 
coagulation. According to T. Bergman, if acid be added sufficient just to neutralize 
the alkalinity of potash water-glass, the liquor remains clear, but it becomes turbid 
when boiled. According to J. Dalton, the addition of an acid, not sufficient for 
neutralization, precipitates a compound of alkali and silica, but with pore acid, 
silica is precipitated as a gelatinous hydrate, some silica is left in soln., and this the 
more the greater the degree of dilution, and the less the acid employed. According 
to L. Doveri, an excess of acid added drop by drop to a soln. of potash, water-glass 
of sp. gi. T200~1'332, precipitate .8 0 9 part of the silicic acid ; wk^h a soln. of 
sp. gr. 1'059, 0*4 part of the silicic acid is precipitated ; and with a soln. of sp. gr. 
1*029, the silica remains in soln, ; but if the acid be added at once, and not in 
drops, or if the silicate liquor be added to the acid, no precipitation occurs even 
with cone. soln. The addition of potassium chloride to a silicate soln. of sp, g|r. 

,1*043 renders it incapable of being precipitated bv hydrochloric acid. He said : 
“The silica appears to combine with the acid at the moment of liberation, for on 
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neutralizing the acid with a soln. of potassium hydroxide added drop by drop, the 
whole of the silica is precipitated.” According to C. J. B. Karsten, if a dil. sOicate 
liquor be supersaturated with sulphuric, hydrochloric, nitric, or acetic acid, it remains 
clear even after long standing or exposure to heat, or when potassium nitrate 
or other salts are dissolved in it ; and it is only by evaporation that the gelatinous 
silica is obtained. A. I. Walcker said that a soln. of soda water-glass diluted so 
as to contain 0*025-0*10 part of silica immediately gelatinizes ivhen neutralized 
by an acid ; with 0*01-0 02 part of silica, it does not form a jelly until after the 
elapse of 12 hrs. ; and with 0*002 part of silica, no gelatinization occurs. J. von 
Liebig, 0. Maschke, H. Rose, W. Lange, E. Ludwig, E. Jordis, C. Friedheim and 
A. Pinagel, etc., have made observations on this subject. 

According to A. Hantzsch, F. Kohlrausch, and E. Jordis, an aq. soln. of alkali 
silicate has an alkaline reaction whatever be the proportion of acid to base. The 
hydrolysis of aq. soln, of alkali silicates is discussed below. According to E. Jordis, 
soln. of water-glass, freed from carbon dioxMe, can be accurately titrated by acids 
with phenolphthalein as indicator, but with technical soln., the phenolphthalein 
fails m5re and more as the soln. is diluted, while the titration with methyl orange 
as indicator remains exact.# F. Mylius and B. Groschuff found that the neutral 
point with hydrochloric acid using methyl orange as indicator varies with temp, 
and cone. W. Ludewig foun3 that with increasing dilution, the amount of normal 
acid required for neutralization increases if methyl orange is used as indicator, and 
decreases if phenolphthalein is employed. Methyl orange gave the best results. 

A dil. soln. of water-glass ahaoThs, carbon' dioxide from the atm. ; but a cone, 
soln, scarcely absorbs any of that gas, and it is decomposed by a stream of carbon 
dioxide and gelatinized. Similar results are obtained when the soln. is treated with 
hydrocAirbomtes. According to F. C. Kuhlmann, when a soln. of water-glass is 
exposed to air, in about a fortnight it is converted into a transparent jelly which 
gradually shrinks, and in a few months is hard enough to scratch glass. 
C. J. B. Karsten found that if a dil. soln. of silica be supersaturated with hydro- 
chloric acid, and then mixed in a closed vessel with enough ammonium carbonate 
to neutralize the hydrochloric acid, so that carbon dioxide is liberated in the liquid, 
the silica remains in soln,, but separates on exposing the liquor to air, or on heating 
the liquor so as to drive the carbon dioxide from the soln. He therefore infers 
that the dissolved gas helps to kc«p the silicic acid in soln. ; but thisbonclusion does 
not agree with other observations. The action of carbon dioxide and of alkali 
hydrocarbonates has been studied by L. Doveri, G. Lunge and W. Lohofer, and 
E. Jordis. A cone. soln. of water-glass in the cold, or a boiling dil. soln., was found 
by L. Doveri to be coagulated by boric acid, sulphurous add, tartaric acid, and by 
citric acid. F. A. Fliickiger found that a soln. of water-glass is coagulated by 
chlorine, and bromine, but not by iodine. 

When a few drops of dil. sob. of a metallic salt- are added to water-glass, the 
precipitate first formed will generally disappear when the mixture is agitated. 
Consequently, liquor silicum may dissolve appreciable amounts of oxides of iron, 
zinc, manganese, tin, lead, copper, and mercury. Water-glass sat. with a zme salt 
deposits a zinc salt when allowed to stand for a little while, and it may coagulate 
into a gelatinous mass ; sodium zincate gives no change at first, but a precipitate 
soon forms. A highly alkaline sodium stannate may produce no change, but 
J. M. Ordway showed that with the normal alkali stannate, gelatinization may 
occur in a few hours or days. Alkali aluminales or beryllaies also cause precipitation 
verjr quickly ; while alkali manganates or chromates pi^uce no alteration. Fmely- 
divided lead monoxide coagulates the liquor, while the anhydrous oxides of zinc, 
mercury, and copper, or the hydroxides of iron, aluminium, and chromium, slowly 
change into silicates. Most metallic sidts react with the liquor producing the 
colloidal metal silicate accompanied by a thickening of the whole mass. H. Ota 
and M. Noda obtained colloidal silicat^ by adding dil. sob. of water-glass to dil. 
sob. of salts of copper, silver, magnesium, zme, aluminium, titanium, man^nese, 
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iron (oua), and cobalt; and tto studied the indophenol reaction with the 
products. 

The formation of metallio olicatee is well illuitrated by a familiar experiment — tilka 
garden : a litre beaker is filled with a soln. of sodium silicate (sp. gr, IT) and crystals 
of, say, cobalt nitrate, cadmium nitrate, copper sulphate, ferrous sulphate, nickel sulphate, 
manganese sulphate, zinc sulphate, etc., are allowed to fall into the beaker so as to rest on 
different parto^of the bottom. The whole is allowed to stand ovemiffht in a quiet place, 
when plant-like shoots are obtained which have a form and colour characteristic of each 
metal K. Bdttg^r, R. Dollfus, and G. J. Mulder discussed the nature of the silica trees. 

B. von Ammon said that the precipitates obtained with metallic salts are 
usually metal silicates, and, in some cases, double silicates. L. Dover! found that 
copper and ferrous sulphOLes, lead acetate, and silver nitrate precipitate mixtures of the 
metal silicate and hydroxide, and silicic acid. The action of ferric hydroxide at 100® 
resulting in the formation of a silicate ^vas studied by J. Lember, 0. G, C. Bischof, 
and A. Daubr^e. According to B. Borntrager, crystalline silicates can be prodtloed by 
adding to a dil, soln. of water-glass, 10 per cent. soln. of the sails of calcium, barium, 
aluminium, chromium, iron {ic) nickel, cobalt, mangancsS, zinc, uranium, copper, and 
tin, W. Hennis studied the reaction with ferric chlpride, and ferrous and cupric 
sulphates. F. Ulffers studied the reactions of water-glass with metal hydroxides 
and salts ; and li. Eberhard, the effect of a little chromic acid on the precipitated 
silicates. A. H. Erdenbrecher found* that the precipitates produced by zinc salts 
and sodium silicate soln. in the presence of hydrogen dioxide, contain amounts of 
oxygen varying with the cone, of the hydrogen dioxide. The products are not 
definite compounds, but rather mixtures of zinc dioxide, zinc silicate, and silicic 
acid. 

According to J. M. Ordway, barium carbomite and sulphate, and calcium fluoride, 
have no appreciable action. L, B. G. de Morveau, C. F. Bucholz, and J. W. Ddbe- 
rciner said that baryta, strontia, or lime-water, or a soln. of potassium alumincde 
or calcium sulphate, precipitate all the silica from a soln. of potash water- 
glass. The silica is combined with the alkaline earth and part of the potassium. 
Most calcium salts are particularly energetic in their action ; calcium carbonate 
acts very slowly' but when boiled there is fiocculat.on. Magnesium, zinc, lead, ami 
manganese carbonates give an immediate coagulation ; and ammonium carbonate 
or alkali hydrocarbonales cause an instantaneous thickening with cone. soln. 
Ammonium salts precipitate silica. F. A. Fluckiger said that aqua ammonia 
of sp. gr. 0’921 gelatinizes a soln. of water-glps of sp. gr. 1'392, and that when 
warmed in a closed vessel, the predtpitate dissolves. If the ammonia soln. is one- 
tenth of the vol. of the soda water-glass liquor, no precipitation occurs ; if one-fifth 
the vol., the precipitate which is formed rcdissolves at 90®, and reappears on 
cooHng ; and if one-sixth to one-eighth the vol., the precipitate clears at 30°. 
W. Heintz said that the precipitate is unchanged sodium silicate. J. von Liebig 
said that if a soln. of water-glass is dil. enough to give no precipitation with 
acids, a drop of ammonium carbonate or chloride produces an opalescence. 
F. A. Fltickiger found that a 0*5 per cent. soln. of water-glass is precipitated by 
ammonium nitrate, and scarcely affected by ammonium chloride. Persoz, 
F. A. Flttckiger, J. M. Ordway, W. Heintz, F. Mylius, ^tc., found that a highly 
siliceous water-glass liquor gives precipitates with alkali carbonates, acetates, tar- 
trates, phosphates, borates, nitrates, sulphates, and chlorides ; but the bisilicate soln., 
and others still more alkaline, are not affected by alkali carbonate, tartrates, 
nitrates, or sulphates. J. N. von Fuchs said that “ alkali salts, particularly the 
carbonates and chlorides, give pasty precipitates when added to a soln. of water- 
glass.” J. M. Ordway said that the normal carbonates are not particularly active 
^ precipitants, but the bydrocarbonates behave as described by J. N. von Fuchs. 
Sodium chloride, said F. C. Kuhlmann, combines directly with sodium silicate, 
forming an insoluble compound, and the adherent sodium chloride soln. can be 
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removed by press. The reaction was also studied by F. Mylius. J. M. Ordway 
found that the alkali salts precipitate from water-glass liquor an unoombined 
silicate. W. Hennis said that the precipitations are not chemical reactions, but 
rather indicate the flocculation of colloid sols. The alkali acetates were found to 
be rather more efficient flocculante than the chlorides in precipitating water-glass. 
Sodium arsenate, or phosphate, gelatinizes the liquor owing to the acidity of these 
salts, and in this respect they resemble the hydrosulphates or liydrocarbonates. 
J. N. von Fuchs found that when aluminium phosphate, or lead phosphate, sulphate, 
or carbonate, is rubbed up with a soln. of water-glass, a tenacious mass is formed 
which, when exposed to air, sets as hard as stone. J. H. Johnson observed no 
precipitation of silica from a soln. of water-glass, containing some potassium cyanide, 
when in contact with quartz, powdered pyrites, granulated lead, or zinc shavings ; 
but alkali zincate was formed when in contact with lead-coated zinc, i.e., a zincdead 
couple. J. Errera found the copper anode, is attacked during the electrolysis of 
alkali ^ilicate soln. 

J. N. von Fuchs found that ethyl akohol precipitates potash water-glass without 
change in composition from its aq. soln., and the supernatant liquor retains un- 
decomposed alkali carbonate, sulphide, and chloride. He based a method of puri- 
fying water-glass on this observation. G. Forchhammer said that the alcohol- 
precipitation and washing removed from water-glass a part of the alkali, and that 
this separation continued until an octosilicatq remained, K20.8Si02. J. M. Ordway 
added that water-glasses, containing less silica than K 2 O : l‘7Si02, furnish a 
precipitate which is liquid ; and those with more silica yield solids of greater and 
greater “ firmness ” as the relative proportion of silica is increased ; but afi these hard 
products belong to the same class of viscous solids as pitch. The more any given 
soln. of water-glass is diluted before adding alcohol, the greater the relative amount 
of silica in the precipitate. By mere precipitation under varied conditions, an 
indefinite number of differently constituted silicates may be obtained. While the 
ratio of base to acid can be infinitely diversified, the quantity of water generally 
amounts to not far from 50 pisr cent. The action of alcohol was also studied by 
A. Liolegg, G. Forchhammer, E. Fri^my, T. Scheerer, and F. Mylius. J. M. Ordway 
found methyl alcohol and acetone also give precipitates with soln. of water-glass. 
Several organic compounds werb found by F. A. Fluckiger to coagulate wa'ier-glass 
soln. — e.g. phenol, creosote, chloral hydrate, e^g-alhumen, and glue. No precipitation 
occurred with arahic acid, sugar, dextrine, glycerol, alkali resinates, etc. S. P. Kramer 
found that animal or vegetable oils added to a dil. soln. of water-glass (1 : 500) 
produce a fine and stable emulsion.'* The fatty acid of the oil forms with the sodium 
hydroxide, and the liberated colloidal silicic acid acts as a protective colloid. 

The uses 0! water-glass. — The various applications of water-glass, said 
J. M. Ordway,® turn on its adhesiveness in the hydrated state ; its vitrifying power 
in the dry state ; its alkaline nature ; its capability of yielding soluble silica ; and 
its peculiar chemical relations as a whole. He discussed the use of water-glass 
soln. as an adhesive— a kind of mitieral glue~&8 a colourless cement for glass, 
porcelain, and stone, and as a medium for fixing paper-labels on glass. The setting 
qualities, can be controlled by the manufacturer, and R. Furness showed that a 
soln. of water-glass possesses all the essential qualities of an efficient adhesive : 
(i) the ease, suitability, flexibility, and general efficiency of application to the 
materials ‘to be united, and (ii) its power of setting in a suitable manner and time 
with the formation of a bond of the desired st rength. He concluded : 

Sodium eilioate soln. are superior to animal and vegetable adhe^vee in that they 
are flre-reeisting, do not become rancid, and are vermin-repellent. Silicate adhesives are 
quite odourless, and produce damp-proof articles : they have a relatively high bond strength, 
and their setting times can be varied over a wide range. They are ever-ready, requiring 
no heat before or during application, and they give consistent results. 

According to J. D. Malcolmson, on adding an electrolyte to water-giass the 
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colloidal silica is coagulated, but if the soln. is stirred during the addition, and for 
some time afterwards, the gel particles cannot coalesce, but are redissolved, t.e. 
“ peptized.” By adding brine about two-thirds sat. m a thin stream to the water* 
glass whilst this is mechanically stirred it is possible to increase the vol. of the 
water-glass soln. up to about 25 per cent, without impairing the viscosity or adhesive 
properties of the liquid, which will contain from 3-4 per cent, of sodium chloride. 
The final viscosity of the soln. may be varied to a considerable extent by small 
changes in the cpnc. of the brine. The treated adhesive does not deteriorate when 
kept out of contact with the air. 

Water-glass is used in preparing fireproof cements and lutings for jointing 
firebricks, etc. These can be made to set hard in the cold by admixture with lime, 
which causes the precipitation of gelatinous silica. The joint can be further 
strengthened by heat so as to form a fused silicate. Mixtures of cone, water-glass 
liquor and fibrous asbestos also make a good packing for joints exposed to hot acid 
vapours. J. N. von Fuchs used it for reducing the intiammabibty of wood. Walls 
plastered with lime-mortar are rendered hard and smooth, and capable df being 
washed, by applying a few coats of water-glass either a|pne or mixed with a colouring 
oxide. In the so-called stereochrome 'process of mural decoration, devised by 
J. N. von Fuchs in 1840 , a plastered surface is decollated by pigments mixed with 
water, and the colours are then fixed by spraying with water-glass. The lime in 
the plaster fixes the silicate. The subject has been discussed by H. Crouzburg, 
F. C. Kuhlmaim, etc. J. N. von Fuchs showed the possibility of making artificial 
stone by moulding a mixture of clay, sand, and a soln. of wat*'r-glass ; F. Ransome 
patented an artificial stone made from sand water-glass, and powd(‘red limestone or 
chalk ; Brunner-Mond used it for hardening concret(^ roads ; and L. Wagenraann 
made an artificial meerschaum by mixing water-glass, lime, magnesia, and mag- 
nesium carbonate. F. 0 . Kuhlmarin said that lime-mortar can bo made hydraulic 
by admixture with a small proportion of powdered water-glass. Water-glass is 
used as a hardening agent for the surface of concrete ; in making soaps and washing 
fluids of various kinds ; in paper-making ; as egg-preservative ; as a remedy for 
boiler-scaling ; and in maintaining the fluidity of clay-slip with a large proportion 
of clay for the casting of fireclay goods, sanitary ware, earthenware, etc. It is also 
used as* a determent, # 

The alkali silicates. — In his study of the mol. formula of silica, P. Yorkc ^ 
tried the action of sibca on the alkali carbonates at a high temp. He found that a 
mol of carbon dioxide is expelled from a mol of lithium carbonate by half a mol of 
silica, forming presumably the or^hosilicatc, Ci 48104 ; and observations were also 
made with sodium and potassium carbonates. H. Rose, T. Schecrer, E. Mallard, 
and P. Ebell studied the expulsion of carbon dioxide from fused potassium and 
sodium carbonates by silica. In general, the proportions depend on the temp., 
the duration of the experiment, and on the relative proportions of silica and alkali 
carbonate. P. Yorke, and C. L. Bloxam also studied the expulsion of water from 
molten potassium and sodium hydroxides by silica. J. M. Ordway likewise studied 
the expulsion of sulphur trioxide from molten sodium sulphate, by silica. 

E. J. Mills and D. Wilson investigated the distribution of potas^um oxide 
between silica and carbon dioxide, and said that, owing to the evolution of carbon 
dioxide, the reaction is incapable of simultaneous inversion. N. M. von Wittorf 
obtained the results with various alkali oxides indicated in Table XIE There is 
evidence of the loss of rubidium and caesium oxides by volatilization. P. Niggli 
has criticized these results, and made a more extended study of ternary systems 
containing one Volatile and two non-volatile components ; and of a portion of the 
system R20-Si02-C02 with a more accurate control of the press, and temp, than 
was the case in N. M. von Wittorf ’s experiments. P. Niggli found that in the 
.case of potassium carbonate there is an equilibrium reaction : K2C03-f-K28*2^6 
?=iC02+2K2Si03, and at 898 °, A'i=[K2Si03][C02]/[K2C03][K2Si205] varies 
from (f- 44-1 65 ; and at 956 °, varies from 1 - 21 - 2 * 52 ; while A1/A2 is nearly 

t 
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Table XII.— Disthibotion of the Alkali Oxides, 'Carbon Dioxidb, and Soica. 


Initial mixture 
(molar). 


Li,COg+SiO, 

4Li,C03+Si0, 

Na,COa+8iO,. 

2Na,CO,+SiO, 

K,CO,+SiO,. 

RbjCOa+SiO,. 

Cfl,CO,+SiO,. 


Molar proportions after fusion. 


i 

CO, 07 atm. 



CO, I'O atm. 


Temp. 

CO, 

SIO, 

11,0 

Temp. 

CO, 

* 

£,0 


0 

1 

1 


0 • 

i 1 ! 

1 

900 ^ 

1-74 

1 

4 

900 ° 

1-94 

1 

4 

— 

0 

1 

1 

826 ° 

0 

: 1 ! 

1 

870 ° 

0-69 

1 

I 2 

780 ° 

0-78 


2 

870 ° 

018 ' 

1 

! 1 

780 ° 

1 0-24 

1 1 ' 

1 

870 ° 

1 0-22 

1 

1 1 

826 ° 

‘ 0-29 

! 1 ' 

0-99 

870 ° 

j 0-27 

1 

1 

j 0*94 

826 ° 

0-38 

1 

1/ ' 

0-96 


constaift, 2 ’ 2 . With sodium carbonate, the equilibrium reaction is symbolized 
Na2C03-f-Na2Si03^C02-f Na4Si04 ; and with lithium carbonate, probably 
2Li2C08+Li4Si04?^LigSi0(j 4-2002. The effect of press, in the case of the potassium 
carbonate system is complex. • He found that if the total press, acting on the melt 
is equal to the partial press, of carbon dioxide, the magnitude of the effect produced 
by change of press, will be somewhat different. Consider a very high press, of 
carbon dioxide. The progress of the reactiob is accompanied by a considerable 
•increase of vol. so long as the carbon dioxide is set free as a gas ; consequently, if 
this condition obtains, increase of press, displaces the equilibrium towards the left, 
i.e. favours the substances K2CO3 and K2Si205. If the carbon dioxide produced 
should be completely absorbed by the melt, the vol. change would be slight, and its 
direction could not be predicted ; but there is a second effect produced in this case ; 
for change of press, of carbon dioxide in the gas phase brings about, in accordance 
with Henry’s law, a change of cone, of free carbon dioxide in the melt, and in this 
way displaces the equilibrium. Indeed, it is largely upon the increase, with 
increasing press, of the solubility of the gas in the melt that the resultant effect 
will depend. 

In each system, the compouiid containing more silica is the poorest iii silica 
which can be prepared pure, at the particular temp., merely by melting together 
carbonate and silica. Thua,K2Si03 or Na4Si04 or LigSiOg cannot be prepared in 
the pure state from carbonate and silica at about 1000 ° ; the compounds 1^2^1206, 
Na2Si03, and 1148104, which have relatively mqre silica, can readily be obtained. 


COt 



Fio. 66. — Relative Concentrations of 
* R|0, SiO„ and CO, in Equilibrium in 
Melts at S68^ 



Fio, 67. — Relative Concentrations of 
K,0, SiO„ and CO, in Equilibrium in 
Melts at 066^ 


Correspondingly, in Figs. 56 and 57 , the equilibrium curves or their prolongations 
pass through these particular points on the side R20-Si02. When alkali carbonate 
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is melted up with silica, the amount of carbon dioxide displaced in the temp, region 
of the ternary equilibrium ranges from 0*5-1 *0 eq. in the potash system, from 
1-2 eq. in the soda system, and from 2-4 eq. in the lithia system. The extent of 
the displacement -of carbon dioxide from the carbonate by silica is parallel with the 
amount of carbon dioxide which the pure carbonate when melted alone loses by 
dissociation, when the systems are taken in order as above; the relative compositions 
of the pairs of silicates in equilibrium in each system is such that the ratio of base 
to silica for the ^right-hand member of one system is the same as for the left-hand 
member of the following system. Rise of temp,, the press, remaining constant, 
favours in each case the silicate poorer in silica ; or, in other words, it increases the 
amount of carbon dioxide displaced, 

G. W. Morey and C. N. Fenner studied the ternary systems, K2Si03-Si02-H20, 
and determined the composition and properties of the solid phases which can coexist 
with soln. and vap. between 200'^ ajid 1000 ° — vide Fig. 58 ; the composition of 
the soln. in equilibrium with the solid phases ; the change in the composition of 
the soln. with temp. ; and of the corresponding three-phase pressure, Fig. 59, 
shows the isothermal polybasic saturation curves, and the polythermal curve at 
one atm. press. 


/(jtS/Oj 




Fig, 69. — Isothermal Polybasic Satura- 
tion Curves ; and an Isobasio Poly- 
thermal Curve in the Ternary System, 
K,Si0^-Si(),-H,0. 

The fusibility of some mixtures of the alkali oxides and silica were observed by 
W. A. Lampadius, N. G. Sefsti^m, and P!*Berthier in their studies on slap. 
C. J, Peddle studied the glasses obtained from the binary and ternary 8y.stem8 with 
the components Si02-Na20-K20. The thermal diagrams of the alkali oxides 
and silica have not been obtained in a complete form because in some regions glasses 
only are produced and the cooling or heating curves of these exhibit no breaks. 
There is therefore a continuous gradation in the composition of these glasses, and 
no evidence of the formation of definite chemical individuals. E. Kittl found it 
impossible to measure the ratios of crystallization of the alkali silicate glasses. He 
inferred that there is a close 
relation between the viscosity 
of a molten silicate and ite 
speed of crystallization. When 
the maximum speed of crystal- 
lization falls in the region of 
low viscosity, complete crystal- 
lization usually occurs, Pig. 61, 
while in the opposite case, a 
. glass is formed, Fig. 62. In 

the intermediate case, both glass and crystals are formed,. Fig. 61. 
disciui&ed the alkali silicate glasses. 



CfysUls Crj/stslsdfid gldsi Glass 
Fios. 60-62. — ^Relation between the Viscooty and the 
Speed of Cryetallization. 

P. Bary 
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Many of the alkali silicates described by the early workers are simply alkali 
silicate-glasses whose compositions corresponded with those which would be the 
case if the alleged silicates were chemical individuals ; and this in spite of the fact 
that constitutional formul® were sometimes assigned to them. W. Pukall for 
instance, described a number of what he regarded as specific silicates but which he 
described as clear transparent glasses. Similar remarks apply to the alkali silicates 
obtained by saturating soln. of alkali hydroxide with silica ; and to the^ precipitates 
obtained by adding alcohol to an alkali soln. of silica. Thus, G. ,Forchhammer ® 
reported that he prepared K20.2Si02, KoO.SSiOg, and NagO.SS’iOg by alcohol 
precipitation, but J. M. Ordway showed that actually the composition of the 
precipitate depends (i) on the cone, of the soln. ; (ii) on the proportion of alkali 
present ; and (iii) on the amount of alcohol added. The composition of the pre- 
cipitate can be made to vary continuously by variations in these conditions so that 
the composition of G. Forchhammer’s silicatoe represent arbitrarily selected points 
on a continuous curve. 


xr Scheorer’s NajO.SiOj and 4K,0.3Si02 ; to A. Lielevff’s 

2Na20.6Si02 ; to G. Forchhammer’s NajO.SSiOj, Ka0.2sfo, 

K, 0.4Si0a and Kj().8SiOj; to A- 1. Waloker’s ]Na2O.4SiOa.l0H,O ; and to G. Forch-’ 
hammer H Naj0.3(ISi0g.4Hi,0, and K2().24Sj02.16H20. The two last-named products 
are probably silica hydrates with absorbed potassium hydroxide. The product K,0 4SiO 

discussed by J. N. von Fuchs, B. von Ammon, J. von Liebig, H. V. Regnaultj 
r‘ M ; K O.SSiOa, by P. EbeB ; Nn20.2Si02, by A^Scheurer-K^tner 

V I' 1 7’ ^ I^orntruger, and F. Kohlrausch ; 2N'a20 CSiO*, by W Selez- 

r Trisilicate glasses, 2^20.38102, were also described by 

L. l^my, aridK (rroschuff ; Na20.3Si02, by 3’. Scheerer; Na20.4Si02, by J. M. Ordway, 

KK^O wid J. W. Cobb. W. Pukall's potc^sium irisiliccUe, 

F S’ r?' ’ likewise also his potassium or sodium tetra- 

I lUo Najbi^O,; potassivtn or sodium pmtasilicate, KjSisOu, or KaoSi.O,, : 

devitriLSr' I^2Si«Oi3. He obtained the hexasilicates in a 

A solid ammonium sUicate has not been isolated. The solubility of silica 
or silicic acid in aq, ammonia has been previously discussed. C. Struckmann 7 
lound that 1(K) parts of a 5 per cent. soln. of ammonium carbonate dissolved 0-02 
part of silicic acid, and IW parts i»f a 1 per cent. soln. dissolved ()‘0C8 part oi^ silicic 

S* fhJ T owing to the separation of about 

half the dissolved silica. R, Schwarz showed that the solubility of silicic acid in 
aq. ammonium depends on the cone, of the ammonia, the temp., and the water 
content and physical form of the acicT? R. Schwarz and 0. Liede used quartz-glass 
vessels ^ i^binatc the influence of alkalies derived from the glass containing 

Tt fl! ^ ultra-filter to retain colloidal silica 

ImUi f ^ equilibrium is attained after about 72 hrs. at 18°, 

J " of the silica in true soln., 8 per cent, in col- 

Tr conductivity and solubility curves 

PTnlrimf f mcwasBB during the whole course of the 

Sr ^ gradually diminishes in quantity. The 

ennelndfi grows at the expense of the latter, and it appears justifiable to 

followed hv\b ^ ormation of the colloidal soln. is the primary process which is 
followed by the production of the molecular soln. 

carbn3’'^frn. silicic acid, precipitated by ammonium 

ffivft no fiirbbrf ® water until the runnings 

potassium hvdmriJp mercuric chloride, develops ammonia when treated with 

Iv Tr^irVobf /""k ammonia, 

ammonia T v I ammonium chloride is the precipitant contains less 
bv wa^bincr ^owever, claimed that all the ammonia could be removed 

reallv npn+^r fk ^^at it is not always clear whether ammonia 

Tnd E or merely produces a colloidal soln. E. Jordis 

and E. H. Kanter showed that the electrical conductivity of a soln. of silicil acid 
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prepar^ by dialysis, and mixed with aq. ammonia, indicates that 
hjdrosilicato) H(NH4)Si03, and ammonium metasilicate,(NH4)2Si03, are probably 
present ; there is, however, no definite proof that Arnmnninm orthosilioatOt 
(NH4)4Si04, is present. According to R. Schwarz, the solubility of the hydrate, 
3Si02,H20, in 3A^-ammonia at 18*^ reaches a maximum in about two hundred hours, 
corresponding with about one-fiftieth of the amount of acid required to form a 
metasilicati ; in lOA^-ammoiiia at 100° the solubility after one hour reaches 84'3 
per cent. ; in 2iV-ammonia at 100° the hydrate dissolves to the extent of 55‘7 per 
cent., ignited precipitated silica to the extent of 21*4 per cent., both in one hour, 
whilst finely powdered quartz only loses 2 7 per cent, of its weight in a day. Soln. 
obtained in the hot way have the appearance of colloidal soln., but the cold prepara- 
tions are clear. Inasmuch as the conductivity of the ammonia soln. rises with time 
(in the case of the hydrate, with negative acceleration : in the case of the anhydride, 
with positive acceleration during t]ie first one hundred hours), the formation of 
a true ammonium silicate seems to be certain. Although the salt cannot well be 
isolated, the nearly related tetraethylammonium metl^cate, (NEt4)2Si03, can 
be obtained as a hygroscopic, amorphous powder by heating the silicic acid hydrate 
with 10 per cent, tetraethylammonium hydroxide in a sealed tube at 80°. 
K. Schwarz found that dioxodisiloxane, made •by leading trichloromonosilane 
vap. into water, reacts with ammonia soln. just as it does with potassium or 
sodium hydroxide, that is, according to the equation Si2H203-|-4NH40H 
~2(NH4)2Si03-(-2H2-f H2O. The*reaction is completed in about twenty minutes, 
and most of the silica, with which specimens of dioxodisiloxane are usually con- 
taminated, remains as a precipitate. R. Schwarz and R. Souard studied the 
electrical conductivity of soln. of silicic acid and inferred from the increment of the 
conductivity that salt formation does take place just as the lowering of the con- 
ductivity of sodium hydroxide by the addition of silicic acid leads to a similar 
conclusion. The ratio Q of the increment in conductivity to the dissolved silica 
decreases in three stages as the proportion of water in the silicic acid is diminished. 
The value of Q is about 75 when the silicic acid has 4’5 jier cent, of water, about 60 
when about 2 0 per cent, of water is present, an<l about 25 when the silicic acid is 
almost dry. All the ditjerent preparations of silicic acid gave (>“25 when the 
specifiien waS nearly dry, and (>=75 when the fq)ocimon was rich in water. After 
ignition, however, silica causes no increment in the conductivity of ammonia soln. 
The different values of Q 8uggc.st, therefore, that th^ dissolved silicic acid exists in 
three forms with mol. wts. in the ratio 1:2:3. The simplest forms of silicic acid 
are derived from dioxodisiloxam^or monosilaTie, the direct hydrolysis of the latter in 
ammonia soln. being the most .satisfactory way of preparing ammonium silicate 
soln. 

K. A. Vesterberg ^ found that amorphous silica dried at 10()° dissolves slowly in 
2Ar'-LiOH at ordinary temp., forming a soln. with 3 4 mols of silica to one mol of 
Li20. In warm soln. of lithium hydroxide, silica Is almost insoluble, being trans- 
formed int/O an insoluble lithium silicate. P. Yorke prepared lithium orthoolioats, 
1^48104, by heating lithium carbonate and silica in equimolar proportions ; and 
N. M. von Wittorf found that lithium metasilicate, Li2Si08, is also formed. 
K. A. Vesterberg prepared monohydrated lithium metasilicate in two forms, one 
insoluble, the other soluble. The former is produced as a white, granular precipitate 
by adding a fairly cone. soln. of sodium metasibcate to an eq. quantity of lithium 
hydroxide or chloride in iV-soln. at 80°-90° ; it is also obtained by dissolving freshly 
precipitated silicic acid in twice the theoretical amount of 2V-LiOH at ordinary 
temp., and beating the soln. a short time at 80°. According to P. Hautefeuille and 
J. Margottet, fused lithium chloride has no action on amorphous silica so long as 
no trace of lithium oxychloride is present ; but if by the action of steam, or other 
agents, a little oxychloride is present, then the silica is converted into quartz or 
tridymite according to the temp. If much oxychloride is present, plates of HthtalU 
peiltasilicate, Li2Si50n, or Li20.5Si02, are formed. They prepared the three 




Fio. 63.— Freezing-point Curve cf 
the Binary System : Li,0-SiO,. 
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«ik»te» just mentioned by melting together silica and lithia with or without 
utmum chloride ; in the one case measurable crystals are formed, and in the other 
case a crystalline mass is obtained. The three silicates were said to be as difficult 
*^1*^*® magnesium silicates, and when melted, they form very fluid liquids 
^ absorb much gas, which is rejected on cooling. Lithium chloride abstracts 
lithia from the lithium silicates, forming the oxychloride. According to H. S. van 
Klooster, the binary system LigG^iOg forms 
only two compounds, which are only slightly 
miscible in the crystalline state.* There is no 
evidence of the formation of the pentasilicate 
LigSigOji oil the thermal diagram, Fig. 63. No 
crystalline products were obtained with over 82 
per cent, silica. R. Rieke and K. Endell also 
explored thq thermal diagram, and the results 
confirm those of H. 8. van Klooster. The 
eutectic between the ortho- and meta-silicate, at 
about 1010° and 47-5 per cent, silica, corresponds 
in composition with 3Li20.2Si0g. They said 
. , - , . ' tliat microscopically this mixture does not show 

any evidence of the eutectic structure, and suggest that there may be really a 
very small maximum corresponding with lithium orthodisilicate, LieSigO:. 
F.M Jager and H. 8. van Klooster obtained frhe orthodisilicate in large tabular 
* 25° ; and indices of refraction with the D-ray, 

mcongruent m.p., and a solid soln. of the 
^hodisihcate m an excess of the metasilicate is formed. A. Rosenheim and 
W. Reglin studied the adsorption of lithium hydroxide from soln. by lithium silicate. 

F. Yorke, P Hautefeuille and J. Margottet, R. 8chwarz, and A. Haacke obtained 
lithium orthosilicate, as indicated above, by fusing together silica and a lithium 
V fornmtion, by W. Pukall, H. 8. van Klooster, and R. Rieke 

‘ 1 The last-named found that the fused glass is 

adily undercooled. K. Derome said that when the glass obtained by heating at 900° 
a mixture of lithium carbonate and silica in a current of hydrogen for a few hours, is 
heated in vacuo by an electric furpacc, slow dissociation occurs, and hthia is i^ola- 
ti^ed until the composition of the residue approximates to that of the orthosilicate, 
when volatilization ceases. P. Niggli found that the orthosilicate is readily obtained 
from lithium carbonate and silica at about 1000°. P. Hautefeuille and J. Margottet 
wid that the transparent, colourless, of^slightly amber-coloured crystals are similar 
to pendote, and when crystallized from lithium chloride they form pseudohexagonal 
prisms derived from rhombic prisms. R. Rieke and K. Endell said that the crystals 
are coloured if made m a platinum vessel. H. 8. van Klooster found the 

sp. gr. to be 2'346 at 15 /15°, and F. M. Jager and H. 8. van Klooster, 2 392 at 25°/15°. 
Ihe hardness is 3-4 on Mohs’ scale. A. Haacke gave 2 280 for the sp. gr., and 1249° 

« I^looster found that the f.p. is 1188°, and the m.p. 1243°, 

H. 8, van Klooster, 1256° ; according to R. Rieke and K. EndeU, 
w « * save 1217° for the m.p. ; and R. 8chwarz, 1249°. 

U. b. van Klooster found that m polarized light the crystals are feebly doubly refract- 
ing; and they exhibit twinning. R. Ballo and E. Dittler obtained cellularly 
arwnged cry^ls with refractive index, 1-616-1-624. F. M. J&ger and H. 8. van 
Klo^ter gave 1;614 and 1*694 for the indices of refraction. The crystals appeared 
e opti^Uy biaxial, with very small axial angle, or optically uniaxial, and 
always ^tive. F. M. Jager and H. 8. van Klooster suggest that 1266° is rather 
a transition temp, than a m.p. P. Niggli added the salt furnishes irregular equi- 
toeMional ^ains, without crystal outline and characterized by an albite-like 
twinmng with large extinction angle ; a second set of twinning striations inclined 
to the first is less weU developed. The crystels are optically biaxial with very 
small axial angle ; positive ; mean index of refraction is in the neighbourhood of 
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vm ; biretogence is fairly strong. P, Hautefeuille and J. Margottet, and 
H. 8, van Klooster found that the crystals become flinty in appearance when in 
contact with water owing to a superficial decomposition ; when boiled with water, 
some silica and lithia are dissolved ; the decomposition by water, said R. Rieke 
and K. Endell, is complete. W. Pukall said that some hydrate of the orthosilicate, 
Li4Si04.2'57H20, remains as a residue when the anhydrous orthosilicate is decom- 
posed by water. The salt is attacked by acids ; and the resistance of the silicates 
to chemical ag^ents increases as the silica increases. • 

P. Hautefeuille and J. Margottet prepared lithium mctasilicate as indicated 
above ; and G. Friedel, by heating a soln. of lithium hydroxide with an excess of 
precipitated silica to 500° in a steel tube. H. S. van Klooster, and R. Rieke and 
K. Endell showed that the conditions of formation are those represented in Fig. 63. 
According to P. Hautefeuille and J. Margottet, the silicate crystaUkes from molten 
lithium chloride in long flat prisms sometimes terminating in symmetrical domes ; 
they are six-sided, and are derived from rhombic prisms. According to G. Friedel, 
the colourless crystals resemble those of hypersthene, and the rhombic prisms have 
the axial ratio a : c— 1 : 0*6681 , and a“107° 48'. F. M. Jiiger and H. S. van Klooster 
state that the biaxial crystals are probably monoclinic, and that the trigonal form 
of G. Friedel was a twin formation. E. Kittl studied the velocity of crystallization 
of lithium ortho- and meta-silicates. The sp. gr. is 2*529 at 15715° ; and 
R. C. Wallace gave 2*61 at 18°. F. M. Jager and H. 8. van Klooster gave 2*520 
for the sp. gr. of the crystals, and 2*330 for the sp. gr. of the glass at 25°. H. 8. van 
Klooster said that the metasilicate forms mixed crystals with up to 24*3 per cent, 
of silica ; and that the m.p. is 1188° ; while R. Rieke and K. Endell gave 1180° ; 
R. C. Wallace, 1168° ; F. M. Jiiger and H. 8. van Klooster, 1201° ; and R. Hallo 
and E. Dittler, 1180°. F. M, Jager found the surface tension at 1254° to be 374*6 
dynes per sq. cm., and at 1601°, 346*6 dynes per sq, cm. According to E. Derome, 
when the metasilicate is heated in vacuo in an electric furnace, dissociation and 
volatilization of lithia occurs until there is an abrupt slackening of the speed when 
the composition approaches Li28i50ii, R. 0. Wallace said that the mica-like 
crystals have a high refractive index, and a v(‘ry high double refraction, with 
polarization colours of the third and fourth orders. The optical properties were 
also discussed by H. 8. van Klooster, and R. liieke and K. Endell. F. M. Jager 
and H. 8. van Klooster gave 1*609 and 1*584, with the D-T&y, for the indices of 
refraction of the crystals parallel and vertical to Ijie elongation of the needles ; 
they also gave /x— 1*548 for the glass. As P. Hautefeuille and J. Margottet, 
G. Friedel, and R. Rieke and Endell ha^e shown, the crystals are decomposed 
by water and by acids ; the latter say that the crystals are less decomposed by 
water than the other alkali metasilicates. L. Kahlenberg and A. T. Lincoln made 
aq. soln. up to a cone, of mol. per litre by gradually adding the alkali hydroxide 
to a colloidal soln. of silicic acid ; they determined the lowering of the f.p. of soln. 
containing a mol of Li2Si03 in v litres of water and found : 

V 32 48 64 96 128 

Lowering f.p 0*228 0*166 0 120 0*090 0*070 

Calo. mol. wt 23*3 23*2 22 1 19*6 ^ 18*6 

It was therefore inferred than when u=32, 95*5 per cent, of the salt is decomposed, 
and when i;=48, the decomposition is practically complete. For the eq. con- 
ductivity, A, at 25°, they found : • 

.... .32 64 128 266 612* 1024 

X 126*0 126*0 129*2 130*2 138*6 146*2 

The increase beyond v=64 is said to be due to the decrease in the retarding in- 
fluence of silicic acid on the moveraente of the ions. K. A. Vesterberg found that 
warm soln. of lithium hydroxide only slowly dissolve precipitated silica dried at 
100° ; and cold, moderately cone. soln. dissolve up to 3*4 mols. of Si02 per mol 
of Li20. He prepared hydrated litidum metaiUicate, Li 28 i 03 .H 20 , by treating 
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lodium silicate with a lithium salt, or by dissolving silica in a solid soln. of lithium 
^droxide. In both cases an excess of lithia should be present to prevent hydrolysis. 
The silicate is precipitated from the soln. at 80 °- 90 °. There are two forms of this 
salt, one is readily soluble but the other dissolves with difficulty. 

While H, S. van Klooster, and R. Rieke and K, Endell could find no evidence 
of the formation of lithium pentasilicate, Li2Si50n, P. Hautefeuille and . 1 . Margottet 
obtained flexible rhombic laraellte by crystallization from a soln. of the component 
in lithium chloride. There is a cleavage plane in the direction of greatest length, 
one perpendicular to that direction, one parallel to the plane of the lamella?, and two 
others which furnish thin rhombic plates. E. Derome found that the speed of 
volatilization of lithia from lithium metasilicate suddenly slackens when the com- 
position has reached Li20.5Si02, and that the latter is slightly dissociated in vacuo 
at 1300 °. P. Hautefeuille said that this silicate is not decomposed by acids. 
L. Kahlenberg and A. T. Lincoln found that.the lowering of the f.p. of soln. of 
lithium hydroxide in a colloidal soln. of silica corresponding with a mol of Li2Si50ii 
in V litres? is : 

V . 32 48 64 96 128 * 

Lowering f.p. . . 0-172 0'139 0il2 0-077 0 062 

Mol. wt. .... 113-2 93-3 86 9 81 3 78-5 

This is taken to show that the salt LljSisOu is hydrolytically dissociated in aq. 
soln., and the dissociation is complete when u— 1J8; cq. electrical conductivity, A, is; 

V .... 32 64 128 266 612 1024 

A . . . . 65-4 61-6 67 5 72-6 78 9 90'6 

As indicated })reviou8ly, P. Niggli obtained evidence of the formation of a basic 
orthosilicate or lithium dioxyoithosilicate, LigSiOg, or 2Li20.Li4Si04. 

According to E. Jordis,® crystal plates of what is probably SOdium orthosilicate, 
Na4Si04, is formed when a mol of silica is fused in a silver crucible with 8 mols of 
sodium hydroxide ; while an aq. soln. of sodium hydroxide and silica with more 
than 14 Na 20 : Si()2 furnishes crystals of the hydrated sodium metasilicate, 
Na2Si03.?tH20. W. G. Mixter calculated the heat of combinatiou of sibcon 
with an excess of sodium dioxide forming sodium orthosilicate. P. Niggli found 
evidence of the existence of sodiun^ orthosilicate in his study of the tetnary system 
Na20-Si0-C02, but did not isolate the compound— vide svpm. The stable silicates 
in this system arc the ortho- and meta-silicates. G. W. Morey failed to make potas- 
sium orthosilicate, K48i04, by melting potassium hydroxide in various })roportion8 
between K4Si04 and K2SiO;} in an atuL^of steam, lyid heating the mass finally over 
1100 °: The excess of alkali over that required for the metasilicate was present as 
potassium hydroxide. P, Niggli obtained no evidence of the formation of potassium 
orthosilicate in his study of the ternary system K20-Si02-H20 ; the inetasilicate 
was always produced. The stable silicates here produced were the meta- and 
disilicates. 

P. Niggli obtained crystals of anhydrous sodium metasilicate, Na2Si03, from dry 
melts by heating an intimate mixture of eq. quantities (1 : 1) of quartz and sodium 
carbonate at 9 (X)°- 1000 ° for some time. With less quartz, the system is 
heterogeneous. G. W. Morey also obtained evidence of the formation of this silicate 
when a glass of the composition NaoO ; Si02 is heated with water at temp, above 
400 °. The isplation of the crystals is not possible because they are rapidly decom- 
posed by watef. W. Pukall obtained a devitrified glass. G. W. Morey and 
C. N. Fenner found that the crystals arc rarely well developed and fibrous and 
spherulitio forms are frequent ; hexagonal prisms terminated by prisms were once 
obtained. The crystals prepared by G. W, Morey wore usually acicular. In 
both cases, cleavage is well developed and parallel to the elongation. The crystals 
show parallel extinction. The compound is probably uniaxial and positive. The 
index of refraction y=l* 520 , and the a-index is lower; the mean value is 1 - 510 , 
R. C. Wallace also obtained ill-defined crystals' by heating the hydrated m»ta- 
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silicate, and also by heating an eq. mixture of silica and sodium carbonate. The 
latter mixture crystallizes after the first fusion, the former needs to be repeatedly 
cooled and remelted before crystallization begins. It is assumed that in the latter 
case a small amount of water is retained even after fusion, and that this rotartls 
crystallization. R. C. Wallace gave 1018“ for the m.p, of soilium metasilicate ; 
W. Guertler, 1055° ; and N. V. Kultacheff, 1007°. The latter found that the 
raetasilicate can dissolve a little silica, and that this lowers the m.p. a little. Accord- 
ing to G. Tanunann, the heat of crystallization is 29 cals, per gram. G. W. Morey 
found the m.p. of sodium metasilicate appears 2° luw'or on the heating curve than 
on the cooling curve. The sp. hts. of crystals and glass were respectively 0*197 
and 0'191. P. Niggli, and K. C. Wallace found that when the metasilicate is heated 
with quartz no combination occurs, although the latter found that the metasilicate 
can take up a little silica in solid solu. E. Greiner studied the viscosity of the 
molten silicate. The last-named also found the m.p. to be lowered by the addition 
of silica ; thus : * 


Silica (per cent.) . . 0 2-5 3 / 6 0 C'5 

‘M.p 1007" 942“ 920“ 862" 820" 


G. Tamiiianu found the sp. ht. of the amorphous salt to be UT91 and of the crystal- 
line salt 0*197 between 20° and 100° ; while the heril of soln. of a gram of the amor- 
phous salt in a mixture of 1(X) grms. of 10 per cent, hydrofluoric acid and 250 grras. 
of iV-hydrochloric acid was found*to be 480 cals., and 457 cals, for the crystalline 
salt. C. Matignon gave Na2Si033o[i(i“b2H(/l,{(jin/-— S1O2. Aq.soiid f 2NaCl -f H2O -f 32* 8 
cals.; consequently, from known reactions, SiOoAq.goiid+NagO-NagSiOs-j-SM 
cals. ; Si02.Aq.aoiid"i“^*i’2^^^3~^®'2^i^3'^~^^2 ^4*7 cals. ; and bicrynt.’^b^^-k^Na 
=Na2Si03-[-331*4 cals. When the result 51*10 cals, is compared with D. Tscherno- 
baeS’s value 45*2 cals, for anhydrous silica, and 0. Mulert’s 69*7 cals., it appears 
as if some erroneous deductions have been made somewhere. W. W. Coblentz 
found a maximum in the reflection of ultra-red rays at 9*95^. J. 0. Perrine 


observed no sign of the excitation of fluorescence by the X-rays. 

G. W. Morey found anhydrous potassium metasilicate, K28i03, to bo the 
stable solid phase in the binary system K2Si03-H20 from about 610° to its m.p., 
audit is obteined in a fairly pure condition b^ crystallizing the metasilicate glass 
at a high temp. The crystals usually appear in 
the form of rounded grains without crystal 
boundaries. There is evidence of cleavage 
parallel to the y-axis. W. Pukall obtained ^nly 
a metasilicate glass. G. W. Morey *and 
C. N. Fenner found that the crystals arc biaxial ; 
the optical character is positive ; the dispersi(m 
is strong and the birefringence high. The optic 
axial angle is 78*5°. The m.p, is 966°. The 
crystals are very hygroscopic and dissolve rapidly 
in water. The deliquescence of the hydrates 
makes their separation difficult ; and they have 
not been isolated even in an approximately pure 
condition. M, A. Rakuzin measured the elec- 
trical conductivity of soln, of potassium meta- 
silicate ; and the reversible adsorption of the 
salt with animal charcoal, colloidal silica, and 
alumina. 

Inhisstu’dy of the binary system K2Si08-Hg0, 

G. W. Morey found that liemUiydrEtod potAsnum 
mdtasiUcate, KzSiOs.iHgO, is the stable solid 
phase between 370°-6l0°— vide Figs. 58 and 64. The crystals occurred in elongated 
foptns with good cleavage parallel to the elongation. The extinction was parallel to 
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Gm elongation in the y-direction ; the birefringence is high ; the optic axial angle 
large ; and the optical character is probably positive. The crystals are completely 
soluble in water. He also found monohydratod potassiummeta^cate, K2Si03.H20, 
to be the stable phase between 200'^ and 370*^ — vide Figs. 58 and 64. Below 200°, 
the monohydrate is hydrolyzed by water, and above 370° it forms the hemihydrate. 
The crystals are biaxial, positive, with a small axial angle, and high birefringence. 
The crystals dissolve completely in water. W. Pukall obtained what hfe suggested 
to be dihydrated potassium metasilicate, K2Si0jj.2H20, by the action of superheated 
steam on the metasilicate glass. 

Crystals of hydrated sodium metasilicate have been reported by a number of 
investigators, but there is no agreement as to the degree of hydration. A. H. Erden- 
brecher obtained hexagonal crystals of tetrahydiated sodium meta8ilicate> 
Na28i03.4H20, m.p. about 85°. T. Petersen obtained colourless, monoclinic 
crystals of what he regarded as the pentahydrate, Na2Si03.5H20, with axial ratios 
a : ft : c~0'6961 : 1 : 1*2001, and j3~95° 50'.' The crystals become turbid when 
exposed to air, they melt in their water of crystallization, leaving a voluminous 
residue which is soluble in water. E. Jordis prepared crystals with 43*42 per efent, 
of water, when the theoretical value for the pentahydrate is 42*37 per cent. 
A. H. Erdonbrecher obtained na signs of the pentahydrate on the vap. press, curves. 
J. Fritzsche obtained rhombohedral triclinic prisms which he regarded as the hexa- 
hydrate, Na2Si03.6H20, by dissolving equimolar proportions of silica and sodium 
hydroxide in water ; wlien the soln. is cone, by evaporation, and allowed to stand 
for some days, it yields a crystalline mass which in more dil. soln. deposits hemi- 
spherical or fibrous masses, or yields a crystalline crust. E. Jordis obtained crystals 
with 45*81 per cent, of water when the theoretical value for the hexahydrate is 
46*87 per cent. A. H. Erdenbrecher obtained monoclinic crystals of the hexahydrate 
and gave 62*5° for the m.p. P. Yorke fused 54 parts of sodium carbonate and 23 
parts of silica ; dissolved the cold cake in water ; evaporated the aq. soln. in vacuo 
over sulphuric acid at ordinary temp., and in a few days obtained a crop of crystals 
which corresponded with the heptahydrate, Na28i03.7H20. A. H. Erdenbrecher 
found no signs of this hydrate on the vap. press, curve. R. H(;rmann obtained white 
rhombic crystals from the mother-liquor obtained in the purification of soda. Their 
composition corresponded with tho octohydrate, Na2Si03.8H20. L. Krafft reported 
crystals of the same composition to be present in a sand breccia from Sablenville. 
According to B. von Ammon, rthe crystals are monoclinic prisms with axial ratios 
a : ft : o-~0*6352 : 1 : 0*6721, and jS— 109° 48'. R. Hermann said the crystals are 
very soluble in water, and have a causttic taste. They melt in their water of crystal- 
lization leaving behind a swollen white mass. B.Von Ammon, and J. M. Ordway 
gave 45° for the m.p. R. Hermann’s crystals were said to be permanent in air, 
but B. von Ammon found that the crystals effloresce in moist air, and take up* 
carbon dioxide, but they do not absorb carbon dioxide from a dry atm. At 100°, 
or confined over cone, sulphuric acid, the crystals lose 27*21 per cent, of water ; 
at 130°, 49*2 per cent. ; and at 150°, 53*75 per cent. A. H. Erdenbrecher obtained 
no signs of the octohydratc on the vap. press, curves. J. Fritzsche found that 
besides the hexahydrate, he sometimes obtained crystals of the enneahydrate, 
Na2Si03.9H20, which A. E. Nordcnskjold found to be rhombic bipyramids with 
axial ratios o : ft : c =0*6888 : 1 : 0*3378. The crystals effloresce over sulphuric 
acid and attrsFct carbon dioxide from the atm. They melt at 40° to a syrupy liquid 
which solidifies when allowed to stand for some days. A. H. Erdenbrecher gave 
47° for the m.p‘, and he measured the vap. press. A. Vesterberg also obtained the 
enneahydrate, and from the experiments on dehydration he inferred that a tri- 
hydrate, Na2Si03.3H20, as well as a hexahydrate exists. E. Jordis obtained crystals 
of the W«)aftydra<c,Na2Si03.12H20— or possibly of the Aen(jftydrate,Na2Si03.11H20 
—in small prisms ; and R. Weber obtained the dodecahydrate by treating a sobi. 
of water-glass with ether. It thus appears as if sodium metasilicate forms several 
hydrates, but the composition and range of stability of these hydrates are not kno^. 



SIUCON 


m 


More knowledge will probably reduce the number igry considerably. Thus 
A. H. Erdenbrecher’s measurements of the vap. prei^gave evidence of only 
the ennea-, hexa-, and tetra-hydrates, and the existence of a tetradmhydrate, 
Na 2 Si 03 . 14 H 20 , was made probable but not certain. 

Dil. aq. soln. of sodium metasilicate are strongly hydrolysed ; E. H. Loomis 
found that the hydrolysis is complete in a ^’-iV-soln.,and 64 8 per cent, is hydrolysed 
in a JiV-soln. L. Kahlenberg and A. T. Lincoln found the lowering of the f.p. 
of soln of silicjt in sodium hydroxide lye in the proportions Na 2 Si 08 , NaHSiOs, 
and Na2860ii to be, for a mol of the salt in v litres, at 25 ^ : 


V . . . 

Na.SiO, . 

Na^SiO) (by fusion) 
NaHSiO, . 

Na,SjOn 

K,SiO, . 

KHSiOj . 

Rb,Si03 . 

CsjSiO, . 


8 10 24 32 64 00 128 

0 695 0-385 0280 0-210 0110 — — 

_ _ 0-200 0-108 0 077 — 

0-332 0-202 0-146 0 110 — 

_ 0-178 0-139 0-089 0050 

0-710 0-394 0-279 0215 0 110 0082 — 

0-316 0-!96 0-153 0 110 - ~ — 

0-130 0-098 

0-102 0-068 


The values for the two sodium metasilicates are virtually the same. The corre- 
sponding mol. wts. approach as their limit one-fourth the mol. wt. of Na28i03 
with increasing dilution ; with sodium hydromctasHicate, the liiuiting mol. wt. is 
one-half that of NaHSiO 3 ; and with the pcntasilicate, the limiting mol. wt. is 
one-fourth that of Na2Si50ii. With the potassium metasilicates under similar 
conditions the hydrolysis is practically complete when v- 48 , and with v=8, the 
normal salt is ionized 66‘9 per cent., and the acid salt, 39 per cent. R. H. Bogue 
also found the hydrolysis of the NaoO : Si02 products from 1 : 1 to 1 : 4 was greatest 
with the first, and decreased as the proportion of silica increased. The results 
with rubidium meta$iiicate, Rb28i03, aud coasium metasilicate, 0828103, are quite 
similar. The elecfrical conductivities, A, of the soln. were determined by 
8. Arrhenius, F. Kohlrausch, E. H. Loomis, and L. Kahlenberg and A. T. Lincoln. 
The two last-named found at 25 '^ : 


V . 

8 

16 

32 

64 

128 

256 

612 

1024 

Na,SiO, 

105-3 

1120 

117-8 

1150 

119-5 

06-7 

91-8 

104-8 

NaHSiO 3 

72-4 

78-8 

84-9 

00-1 

103-7 

114-2 

133 1 

148-5 


— 

— 

73-0 

79-0* 

87-3 

93-1 

101-1 

113-3 

KjSiOa . 



130-9 

176-4 

182-6 

185-6 

187-1 

191-8 

182-6 

KHSiOa 

87-3 

110-3 

117-6 

126-2 

133-4 

141-7 

166-0 

176 6 


Similar results were obtained with rubidium and caesium metasilicates. It is 
assumed that hydrolysis is complete when*fj— 64 , and that the increase in the 
conductivity with soln. of greater dilutions is produced by the retarding influence 
of silicic acid on the movements of the ions. F. Kohlrausch noted that equilibrium 
in the hydrolysis is attained very slowly ; that the temp, coeff. of the conductivity 
is abnormal, and that the age of the soln. has a marked influence on the resulte. 
He also inferred that Na2Si205 is the sodium silicate richest in silica which can exist 
in aq. soln., and that aq. soln. of the metasilicato contain NaOH and Na28i205. 
E. Jordis, F. Mylius, F. Kohlrausch, L. Kahlenberg and A. T. Lincoln, and 
R. H. Bogue showed that in the hydrolysis of the alkali silicates, the siliija separates 
in the colloidal form, and, in consequence, conclusions about the relative strength 
of silicic acid, based on the apparent degree of hydrolysis of such soln., are not 
necessarily valid ; indeed, there is ground for the belief that silicic* acid is con- 
siderably stronger than has generally been supposed, just as W. Blum showed to 
he the case with aluminic acid. In any case, solubility experiments, such as those 
made by A. Vwterberg, are meaningless, because the phenomenon is one of decom- 
position. When, for instance, hydrated sodium metasilicate is treated with water, 
the first infinitesimal portion dissolved is immediately decomposed with the for- 
mation of colloidal silica, and the process will go on until some more or less definite 
end-point is attained ; but this presumed equilibrium is in no way determined by 
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the real solubility of thft^lodiuin silicate itself. J. M. Ordway made some obser- 
vations on rubidium silime. 

G. W. Morey found that when anhydrous potassium sibcate glass, K20.2Si02, 
is heated to about 460® with an amount of water insufficient to give complete soln. 
crystals are obtained resembling potassium disilicate* K2Si205, or K20.2Si02, 
prepared by P, Niggli by heating a mixture of K2C03-f 2Si02. If less silica is 
used, a liquid phase appears, and with more silica, unattacked quartz remains. 
W. Pukall obtained only the ffisilicate glass. G. W. Morey showed the conditions 
of stability of the disilicate. The crystals are optically biaxiaf, and negative. 
They are rhombic. The habit is usually tabular, and the crystals appear as pearly 
scales. There is a strong cleavage parallel to the c-axis, and a weaker cleavage 
parallel to the 6'axis. Perfectly rectilinear or irregular polysynthetic twinning, 
resembling albite twinning, often occurs. The birefringence is low. The j8-index 
of refraction is near l'r)(X). The crystals were quite solid at 1005°, and were all 
melted at 1025°, so that the m.p. is 1015° ±10°. G. W..M(5rey later gave 1041° 
for the m.p., and he obtained the m.p. curve shown in Fig. 65. The molten liquid 
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is very viscid, and solidifies to glass. When a droj) of water is. placed pn the 
crystals, on the stage of the microscojie, they do not dissolve uniformly, but break 
up into thread-like forms. The solubility curves or m.p. of the binary system 
K2Si205-H20 are shown in Jig. 04, and the range of stability in the ternary system 
K2Si()8-Si02-Il20 is shown in Fig.'CS. G. W, Morey found that if an anhydrous 
glass approximating Na^^O : Si02 heated with much water above 400°, a homo- 
geneous hydrated glass is formed ; but if the amount of water is not sufficient to 
give complete solii., and the temp, is 300°, crystals of sodium disilicate, Na2Si205, 
are formed. W. Pukall obtained a de vitrified disilicate glass. G. W. Morey and 
N. L. Bowen’s m.p. curves are shown in Fig. 66. The m.p. of the disilicate is 875°. 
According to G. W. Morey, the rhombic crystals usually appear in the form of 
scales with a pearly lustre ; and micaceous cleavage. The extinction is parallel, 
and the ojitical character negative. The indices of refraction are a— 1*604; 
^=1*614; andy=r518. 

G. W. Morey found that when an anhydrous alkali silicate glass is heated with 
water, the product obtained depends on the temp, and press., on the amount of 
water present and on the ratio R2O : Si02. If a glass, K2O : Si02, is heated with 
an equal weight of water at 400°, the product is a clear, homogeneous, hydrated 
glass ; but if half the proportion of water be used with glasses ranging from 
KjO ; Si02 to K2O : 6Si02, at 200°-400°, the product is a mixture of the hydrated 
glass and crystals of potassium hydrodisilioate, KHSisOe, or E20.H20.4Si02. 
The crystals can be freed from the adherent glass by leaching with hot water, with- 
out affecting the sharpness of the crystal angles. The crystals belong to the 
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system. The habit varies, exhibiting elongated forms parallel to the vertical 
• axis, and tabular forms. These sometimes occur side by side. W. Pukall inferred- 
that bs^use plates and needles were present in one of bis preparations, two different 
compounds were present. This by no means follows. The identification depends 
on measurements of the optical constants, etc. Cleavage is well developed, and 
parallel, to the elongation i twinning Is common ; and the optic axial angle is 
69’5®, The biaxial crystals are positive. The refractive indices are o=l'i80-l’4ft6 
and y—l'SSO-l'bSfi. The higher numbers are probably more correct. The crystal- 
lographic properties resemble those of a hydrated potassium silicate report^ by 
C. Friedel and E. Sarasin in 1881. The sp. gr. is 2-417 ±0'002 at 1574®. The 
cr 3 rstal 8 are not readily affected by water even when kept at 100° for several 
hours ; they are decomposed when heated witli dil. hydrochloric acid leaving 
a birefringent residue containing only silica and water—a similar residue has been 
.described by F. Rinne. The vap.^ press, of the water is very slight pince the 
crystals can be heated in air to 350° without loss, but at 450°, the loss is appreci- 
able. G. W. Morey also obtained evidence of monohydrated potassium disilioate. 
^ 2812 ^ 6 -^ 20 , on the solubility curves, Fig. 64, and in the ternary system. Fig. *65. 
This compound is decomposed by water below 280°,*and at 405°, it passes into the 
anhydrous salt. The crystals occur in rounded forms, rarely showing crystal faces. 
The crystals are biaxial and positive, and have a small axial angle, and high 
birefringence. They dissolve completely in water. 

W. Pukall obtained wliat he regarded as dihydraled puUunnum dmlu atc, KgSigt)j.2H,0, 
by crystallization from an uq. soln. of Uie metasilicate ; he also reported jtotwtmim dthydro- 
tfirofnliccUff, ^KjHjSi^Ojo, poUmium ddiydrohextuUtcaie, KgHgSigO,!, and potasmum 
dihydro-ociottihcatr, KgHgSigO,,, to l>e formed as insoluble zeolites by the action of super- 
heated steam on the glaases. O. W. Morey could not verify tlieso observations. 
W. K. Sullivan obtained teirwheahydrated potassium petUastlicate, Kg0.5SiOg. HHgOt by 
leaving a soln. of potassium silicate in contact with carbon dioxide under press, for a 
few months, 'J’he white emst which adhered to the gummy silica was removed, and 
dried ffl contact with frequotitly renewed filter-paper. The excess of potassiiim carbonate 
was reraovefi by allowing the crust to stand on filter-paper alongside a dish of water under 
a bell jar j t)»e paper was frequently renewed. In a few months, the potassium carVionate 
was all removed, and the residue was dried at 60° in a current of air. 

J. W. l)6ijereiner,i<^ and 0. L. Bloxam studied the action of silica on heated mix- 
tures of sodium and {lotassium carbpnates. J. Rcgnauld reported that the stickiness 
of potash water-glass is reduced when mixed with soila \^ater-glasB. B. von Amfiion 
and J. M. Ordway said that the sodium and potassium silicates do not form a 
potassium sodium silicate. J. Lemberg studwd the action of a soln. of sodium 
silicate on one of potassium salts,* and conversely ; C. G. €. Bischof, the effect of 
sodium chloride on a soln. of potassium silicate ; and J. Lemberg, the action of 
potASsium chloride or nitrate on a soln. of sodium silicate, and of sodium nitrate 
on a soln. of potassium, silicate. 

0. Schott obtained glasses by 
fusing mixtures of sodium and 
lithium carbonates and silica. 

R. C. Wallace found that with 
mixtures of sodium and lithium 
silicates, no sodium lithium silicale 
is formed, but an unbroken scries of 
mixed crystals is produced— Fig. 67 ; 
while with lithium and potassium 
silicates no evidence of the forma- 
tion of a potassium lithium silicate 
was obtained— Fig. 68. No crystallization occurred with mixtures containing less 
than 50 per cent, of lithium silicate ; and only when lithium silicate exceeded 60 per 
cent, were mixed crystals formed. For pot^sium nUratosilicale^ vide infra, silver 
silica^. 
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§ 24. Copper, Silver, and Gk)ld Silicates 

Copper oxide and silicic acid do not exhibit a marked affinity ‘I'or one another, 
and stable compounds are not common. Copper silicates do not occur abundantly 
in nature. Copper oxide dissolves in fused silicates producing blue or green glasses. 
The alkali silicate glasses tinted by copper are blue.i The coloration of glass by 
copper has been discussed by P. Ebpll, P. Hautefeuille, V. Auger, M. Pettenkofer, 
A. Lecrenior, F. Wohler, E. Fr4my and G. Cldmandot, P. Zulkowsky, F. Knapp, 
H. S. Washington, H. Hccbt, L. Jatsebewsky, etc. The coloration of glass and 
glazes a ruby red, the so-called Chinese red, rouge flamme, rouge fiamb^, sang de 
boBuf, etc., has been discussed by C. Paal and W. Leuze, J. C. M. Garnett, F. Knapp, 
M. Petttmkofer, P. Zulkowsky, C. E. Guignet and L. Magne, R. Schwarz, H. A. Seger, 
C, Lautb and G. Dutailly, W. Spring, H. lo Cbatelier and G. Charpy, C. Otsuki, 
L. Francbet, W. H. Zimmer, etc. The general results indicate that the coloration 
is produced by colloidal copper in the same way that gold-ruby colours are pro- 
duced by colloidal gold {q.v.). P. Zulkowsky considered that it is necessary to 
assume the existence of two modifications of copper to explain why strongly heated 
copper-ruby glass is colourless when rapidly cooled. The colourle.ss variety is 
presumably dissolved copper, the red variety is copper which has had time to 
separate. )J. Zulkowsky found that a blue soln. of an ammoniacal cupric salt 
is not decolorized by powdered copper-ruby glass, and hence inferred that the 
copper is not present in the metallic form. He assumed that sufficient copper 
would be exposed or accessible to the reagent under these conditions. It would 
not be surprising if he is wrong when it is remembered that copper-ruby glass 
has O’l per cent, of copper. For colloidal copper silicates, vide water- 

glass. V 
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According to M. Philips, when an alloy of copper and silicon is exposed to 
moist air for eight days, a black oxidized layer is formed ; and by using the alloy 
as anode in an alkaline soln. of potassium tartrate, a black deposit is formed which, 
when washed with alcohol and ether, and dried, has a composition corresponding 
with impure CuproTU orthosilicate. Cu4Si04. J. L. Jarman and J. F, MacCaleb 
investigated an acidic slag which was supposed to contain cuprous silicate. 
J. N. von Fuchs, 2 and A. I. Walcker obtained a bluish-green precipitate, by adding 
a cupric salt soln^ to one of waU'r-glass, and the colour is retained when the sob. 
is boiled. Observations on the product were made by G. Barth, A. Keim, and 
R. Dollfus. 0. Low said that the precipitate is soluble in a cone. aq. soln. of 
potassium hydroxide, and J. Schroder, that it is insoluble in pyridine. According 
to E. Jordis and W. Hennis, the reaction between copper sulphate and sodium 
silicate in aq. soln. does not oceur according to the equations which can be written 
for them. If the reagents are mixed m eq. proportions an acid li(iuid is obtained 
which contains silicic acid. The amount of metal in the filtrate varies independently 
of the reaction in the liquid. In the presence of much alkali, the metal dissolvK'S 
together with the silicic acid. If an excess of eithv reagent is added, the pro- 
portion which passes into the filtrate increases from a minimum with the excess. 
The hydrated silicates are blue, the anhydrous silicates are green. M. Rilger 
obtained no copper orihosilimte by heating a mixture of the constituent oxides at 
IKK) ~1()()0'\ C. N. Otin found that it^is impracticable to make a tliermal analysis 
of the binary system cuprous oxide-silica, on account of oxidation to cupric oxide, 
and a ternary system is thus formed. Basic mixtures were formed containing 
crystals of cuprous oxide, together with a eutectic. The thermal results, together 
with the determinations of density, indicate that several silicates are formed, the 
compositions of which are uncertain. 

H. Schilf reported a green precipitate to be formed when an alkali silicate is 
added to a solu. of a cupric salt. Most of the copper oxide dissolves in aq. ammonia, 
and when the residue is dried, it furnishes an amorphous powder with a com- 
position of copper diammino* 4 isilicate, GuO.2S1O2.2NH3. Ih Simmonds pre- 
pared by precipitation a product with the conqiosition of a sodium cupric siHcatCf 
3Na2O.I7CiiO.2'^iO2.20H2O, and he examined its reduction when heated to 
redness in a stream of hydrogen. • 

According to A. Scacchi,^ ncocyanite, a sublimation product of Vesuvius, is 
probably ciipric metasilicate, OuSiOs. It was also dtweribed by F. Zambonini. 
By treating a soln. of water-glass with copper sulphate, W. Pukall obtained a 
hydrated mixture of cupric metasilicate and cfipric hydroxide, SCuSiOs, Cu{0H)2, 
4H2O. H. Schwarz and G. A. Mathis obtained a product agreeing with CuSiOs.HgO 
by adding the proper proportion of a 0'25 per cent., soln. of sodium mctasilicate to 
a 2 per cent, soln. of pentahydrated cupric sulphate ; and if the soln. contained 
a little V-NaOH, CuSi03.2H20 was obtained. They also made mono- and di- 
hydrated cupric amminometa^cates, CuSiO3.II2O.NH3 ; and CuSiO3.2H2O.NH3, 
as well as dihydrated cupric diamminometasilicate, CuSiO3.2H2O.2NH3, stable 
below —16°. 

W. T. Schaller described crystals of what he called shattuckiie from the Shattuck 
Arizona Copper Co.’s mine at Bisbee. According to F. Zambonini, the composition, 
CuO.SiO2.IH2O, hemi-hydrated cupric metasilicate, resembles that of the mineral 
phneheite. W. T. Schaller also found crystals of monohydrated cupric metasilicate, 
CuSi03.H20, in the same mine ; and the mineral was called bisbeeite. Jt. F. Rogers 
found it in a copper mine in the Grand Canyon, Arizona. The mineral belongs 
to the rhombic system. Both minerals are blue. E, S. Larsen gave for the 
refractive indices of bisbeeite, a~l'615±0'0l, j3=L625±0'01, and y=l’71 ±0'01. 
A. F. Rogers considered this sample to be impure because he obtained for sodium 
light a=l-589, ^=] -620, and *649 ± 0001 ; W. T. Schaller’s values are a or 
j5— 1'69 and y=l-65. The birefringence, y-a—0 060 ± 0 002 ; the extinction is 
parall^; and the optical character is positive. The mineral is pleochroic, being 
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deep blue in the y-direction ; pale bluish-green in the j3-direction ; and neutral 
in the a-direction. Fragments of the’ mineral are soluble in molten sodium 
metaphosphate. The colloidal mineral from Copper Mountain, Alaska, described 
by A. F. Rogers, was called cormitey and a similar mineral described by 
H. Buttgenbach from Katanga, Belgian Congo, was called katangite. 

In 1800, B. F. J. Hermann, before the St. Petersburg Academj^, described a 
mineral which lie had obtained indirectly from Achir or Aschir Mahmud, who found 
it near Semipalatna. The mineral was named achirite or aschiriie. The account 
was published in 1802, but meanwhile, R. J. Haiiy had published an account of 
the mineral and named it diOptaS6 — from 8ia, through ; orra^o), to see — because 
the cleavage directions could be seen by looking through the crystal. 

The mineral was mentioned by J. J. Ferber, J. C. pelam(Stherie, and A. G. Werner, 
and they considered it to be a kind of emerald coloured with copper — Kupfersmaragd. 
F. Mohs called it Smaragdochalcite. Later descriptions were made by C. A. 8. Hofmann, 
F. Sandberger, E. 8. Dana, M. Bauer, N. von Kokscharoff, etc. The mineral occurs 
asspciated with limestone and quartz in the Kirgheso Steppes, Malaja Urjumskaja (Russia), 
and was described by C. D. Schangin, N. von Kokscharoff, A. Breithaupt, M. Websky, 
A. L6vy, G. A. Kenngott, A. L^ulx, R. Maack, P. W. Jeremejeff, A. des Cloizeaux, emd 
H. Credner ; at Rezbanya (Hungary), and was described by J. A. Krenner ; near Coraba 
in the French Congo, and was described by E. Jannetaz, and A. des Cloizoauj; ; (Africa) ; 
in Chili and Peru, and was described by G. vom Rath, M. Bauer, and C. A. Burghardt ; 
at Clifton, Graham Co, (Arizona), and was described by E. R. Hills, and G. F. Kunz, and 
at Riverside, Pinal Co., when it was described by W. B. Smith. 

The mineral was analyzed by L. N. Vauquelin, H. Hess, A. Damour, M. Henglein, 
F. Zambonini, G. Tschermak, etc. The data agree with the formula, CiiSi03.H20. 
C. F. Rummelsberg regarded the mineral as cupric dthydro-orihosilicate, CuH2Si04, 
because the combined water is not expelled below 400^^. G. Tschermak 
first represented it as a metasilicate, HO.Cu.SiOg.H, but later adopted the 
orthosilicate hypothesis. F. W. Clarke gave the graphic formula : HCu 
^Si04.Cu.H2Si04.0u.H2Si04.Cu.Si04=H3. F. Zambonini found that the water 
begins to be evolved at 95*^, and the dehydration curve is continuous ; at 478°, 
a little still remains. There is a slight change in colour at 398°. He represents 
the mineral as hydrated cupric metasilicate, CuSi08.H20. A. C. Becquerel 
synthesized the mineral by the action of solii. of cupric nitrate and potassium 
silicate separated by parchment paper: K2Si03-f Cu(N03)2-f H20--CuSi03 H2O 
-f2KN03. 

A. Breithaupt found that the ^columnar emerald-green crystals belong to the 
rhombohedral system, and have tlie axial ratios o:t:=l :0'53417. The crystals 
were also measured by M Websky, A. U^vy, G. A. Kenngott, N. von Kokscharoff, 
H. Crednor, M. Bauer, E. Jannetaz, A. des Cloizeaux, J. A. Krenner, etc. The 
fracture is conchoidal. The sp. gr,, according to A. Breithaupt, is 3'270-3’301 ; 
and, according to G. A. Kenngott, 3'314r-3’348. The hardness on Mohs* scale is 5. 
R. Cusack gave 1171°, and A. L. Fletcher 1221° for the m.p. of dioptasc. The pleo- 
chroism is feeble ; and the double refraction strong and positive. W. H. Miller 
gave for the indices of refraction, a>=^l’667, and c— 1'723 ; A. F. Rogers gave for 
cornuite, 1*549. A. Ehringhaus and H. Rose compared the dispersion and double 
refraction of the orthosilicates of copper, beryllium, and zinc with their mol. wts. 
W. Haukel found that the crystals are pyroelectric, and when cooled, both ends of 
the principal axis are negative, and the surfaces positive. J. Lemberg studied the 
microchemical reactions. When treated with hydrochloric or nitric acid, gelatinous 
silica is formed. According to A. Damour, a soln. of potassium hydroxide does not 
attack dioptase, but with a soln. of ammonia and ammonium carbonate, a blue soln. 
is formed. C. Matignon and G. Marchal examined the corrosive action of water on 
dioptase in the presence of carbon dioxide under 10 atm. press, during ten years. 
C. Simmonds examined the reduction of dioptase when heated to redness in a stream 
of hydrogen. 

In the third century b.c., the term cbiysooolla— from ?ol<^ ;\K6kXa, 
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glue (solder)— was applied by Theophrastus in his IIcpl kiOtov ( 4 . 26) to a green 
stone containing copper, and it appears to have been used in soldering gold ; the 
same name has been applied to borax, also used for a similar purpose The mineral 
was also mentioned by Pliny, who, in his Historia tiaturalis ( 88 . 86, 93), applied 
the term to a number of different minerals including a copper carbonate. Cyprus 
was named as a prominent locality. In his De materia medica, Dioscorides said 
that the bcsf chrysocolla had a leek-green or prase colour. 

O. Agricola, ^ J. G. W allerius, and A. Cronatedt called it Ihrggr^n, ca^ndeum nxontanum, and 
viride montanum. Hence the tenna moutUain b/ut, mouniain green, etc. A. G. Werner 
called it KupfergrUn, Both chrj socolla and an eartliy \ariety of copper carbonate were 
included in these terms from the aixtwnth to the eighteenth centuries by A. Estnor, 
^ G. Werner, and li. J. Haiiy. The last-named, however, callevl it cuivrc hydrosiliteux 
in 1820; and AI. H. Klapioth ^gtietl that the silica in chrj'socolla is not merely mixed 
with the copper oxitie, liecauae the two conatituonta form a chemical compound. J. F. John 
made a similar observ'ation as a result Of his analysis of a apwimen of Siberian Kieselhtpftr, 
J. F. L. Hauamann called the mineral Knmelkupfer, and C. C. Leonliard, Kte^ehnalwhit, 
P. Berthier’s specimen of chrysocolla from Soinerville, New Jersey, was tor a time Cj^lled 
aotnervtUUe. The so-called Kupferblau of G. Rose contains some carbonate as impurity, 
Kupjcrpectierz or melanocluilcite, analyzed b,v G. A. IfOnig and by W. Lindgren and 
W. F. Hillebrand, contains appreciable quantitio.s, and have betm called eupne earhoniUo- 
silicaiea. Tlie aaperotite of K. Hermann, noineil on account of its brittleness, was found at 
Taghsk, Russia, and it was considered to be trihydrated copjier metasilicate, CuSi()|.3H,(), 
or dihydrated cop(>er dihydro-orthosilicate, H,CuSi(> 4.211,0. Ho consiilered it a member 
of the series of hydruttd cupric silicates dioptase, chrysocolla, aaperolito. 'I'ho Kiipfer- 
pechorz of C. A. S. Hofmann is almost block in colour; it was describeil by A. Daniour, 
C. F. Kainmelsberg, and F. von Kobell, and is reganled ns a mixture of hmonit© and 
chrysocolla ; similar remarks apply to the Hepatincrz of A. Breithaupt. 

The mineral has been report^ from various localities. G. Rose, \V. ilaidmger, G. Baer- 
wald, R. J. Hauy, 1’. W'. Jeniruejeff, J, R. Blum, and G. F. Rarnmelsberg inentioneil its 
occummee at Bogoslowsk, Niznij-Tagil, and Altai, in Russia; T. Schec'rer, at BtrOinsheion 
m Norway; A. Breithaupt, m Ballon; G. W. von G umbel, at Kupferljorg in Bavaria; 

E. S. Dtuia, and J. C. Ulltnann, in Nassau; A. Krenzel, at Schneeborg in Saxony; 
M, Wobsky, and H. Traubo, in Silesia ; 1’. llorter, V. K. von Zepharovich, and K. F. Peters, 
at Rochlitz in Bohoinia; G. Silleni, K. F. I’cters, J. R. Blum, and V. R. von 
Zepharovich, at Libentlien in Hungary ; L. von KOchel, and E. Fiigger, in Salzliorg ; 
G. Tschermak, and I... Liebener and J. V^orlmuser, at Falkenstein and Schwatz in 'J’yrol ; 
G. A. Kenngott, in Switzerland; G. Roster, and A. E. Delesso, in Italy; 1). F. Wiser, G. Freda, 
and J. R. Bl^iri ot Nicolosi, and Lipari, in Sicily; U Berthicr, at Canavailles, France; 
R. P. Grt?g and W. G. Lettsom, on the copper mines of Goniwall, England ; A. Knop, 
P. Groth, and G. Giinch, at Namaquaiand in Africa; G. T. Bowen, P. Jierthier, anil 
A, Dufri'iioy, at Somerville in New Jersey ; J R. Santos, a sjiacimen from Utah ; G. F, Kunz, 

F, P. Dunmngton, R. Robertson, and J. W. Alallet, m Gila (’o., Arizona ; G. A. Kbnig, in 
Denver, Colorado ; L. C. Bock, at Franklin, New Jofffoy ; E, Jannettaz, and W. M. Hutchings, 
in California ; A. Breithaupt, at ZimApan, Mexico ; G. A. Jiurghardt, in Peru ; J. Dornoyko, 
in Chile; and A. L. Sack, A. IJversidge, and J. R. Blum, in South Australia, and New South 
Wale.s. Analyses have been reported by J. R. Blum, T. Schoerer, F. von Kobell, 
C. F. Rarnmelsberg, R. Hermann, (}, Freda, J. R. Santos, F. P. Dunnington, R. Jiobertson, 
J. W. Mallet, E. Jannettaz, W. M Hutchings, J. Doineyko, N, Pellegrini, W. Lindgren and 
W. F. Hillebrand, H. F, Keller, E. Manasse, F. Field, P. lierthier, L, C. Beck, G. T, Bowen, 
P. Herter, E. S. Dana, A. Damour, T. Thomson, J. C. Ullmann, M. H. Klaproth, etc. 

The analyses show that idealized chrysocolla is dihydrated COPPer motasilicate* 
CuSi 03 , 2 H 20 ; and, excepting for the water content, it has the same ultknato com- 
position as dioptase. As is usual with colloidal minerals, the composition varies 
much owing to impurities. The silica is probably derived from the decomposition of 
other minerals, and an excess appears in many analyses. Besides free siHica, oxides 
of copper, iron, and manganese may be present, and this would change the colour 
to a brown or black. Some copper carbonate and sulphaUi may be present, as 
well as oxides of lead, antimony, arsenic, etc. C. G. C. Bischof suggested that 
copper silicates have been formed in nature by the action of silicates of the alkalies, 
alkaline earths, or magnesia from the weathering of silicate rocks on soln. of copper 
salts from the ojddation of copper pyrites. He also found that copper silicate is 
decoirmosed by carbonated waters, forming copper carbonate. E, S. Dana men- 
tion^ specimens of chrysocolla from Chili in which the interior was malachite. 
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T, Scheerer found chryaocolla associated with felspar, and assumed it to have been 
formed by the action of cupric sulphate on that mineral. The analyses of different 
samples, however, agree with the ratios Cu : Si : H20=l : 2 : 2*6 (Lipari), 1:2: 2'3 
(Boleo), and 1:1:2 (Nicolosi). H. F. Keller’s analysis of a sample from 
Huiquintipa corresponds with CuH2(Si03)2.H20. P. Groth holds that chrysocolla 
may occur mixed with tlie copper aluminosilicate , CiiAl2Si20g. Chrysocolla occurs 
both in the colloidal and crystalline states, and it is coloured blue ot green. The 
colloidal nature is in agreement with the different views which have been reported 
as to the proportion of combined water. A. F. Rogers regarded the crystalline form 
as a metacolloid, i.e. a microcrystalline substance of colloidal origin. A. F. Rogers 
and F. H. Probert regard the variable composition as due to the adsorption of 
magnesia, lime, and other oxides. A. Breithaupt gave 2-560 for the sp. gr. ; 
E. Jannetaz, 2 272 ; R. Hermann, 2-306 ; and T. Scheerer, 3-317. The sp. gr. of 
specimens with a low proportion of impurity /anges from 2‘0-2-2. The hardness 
is between 2 and 4 on Mohs’ scale. Chrysocolla is decomposed by acids with the 
separation of pulverulent silicic acid ; and not gelatinous silicic acid as in the 
case of dioptase. C. Simmonjs examined the reduction of chrysocolla in a stream 
of hydrogen at a red heat. E. Dittler said that chrysocolla readily adsorbs aniline 
dyes. E. Puxeddu and E. Maflca found the mineral from Bena de Padru to be 
radioactive. 

A. Lacroix * found a variety of •hrysoculla af Mondouli in the Frencdi Congo, and he 
named it plancheitc. Its composition approximated l 6 CuO.i 2 SiOj. 5 H 2 O. The formula 
has some analogies with that of ganomalito. It can bo regarded as a basic copper mota- 
silicate, H,Cu 7 (CuOH) 8 (Si() 8 )jg. The sp. gr. is 3*36, M. Henglein noted the occurrence 
of this mineral at Guchab, S.W. Africa. N. von NordenskjOld described a blue mineral, 
detnidovite, or demidoffUe, found by A. von Domidoff m Niznij -Tagil (Ural). It appears 
to be a siiicophosphate, a mixture of a silicate and phosphate, or a mixture of opal and 
phosphate. It was also examined by N. von Kokscharoff. Tlie analysis indicates 31 '66 
per cent. SiO, ; 3314, CuO; 0-63, AljOj; 1'63, MgO; 23 03, H,0; 10'22, PgOj. The 
sp. gr. is 2 '26, and the hardness 2. K. P. Grog obtained a similar mineral in Cornwall. 
1). M. Kramberger described a mineral, pilarite^ obtained at Pilar in Agrain, having the 
composition CaCUjAl,Siij089.24H20 ; sp. gr. 2'(}2 ; and hardness 3. It may be a mixture 
of copper aluminosilicate, etc. According to F. Cornu and M. Lazerovic, both deinidovito 
and pilarite are colloidal chrysocolla with adsorbed matters. A. d’Apibrosio described 
a blue, compact, porcelain-liko nuota varieta di crisicoUa which he called traversoile, after 
G, B. *1 raverso. It was found at Arenas, Sardinia, and its composition corresponded with 
2(Cu,Ca)0.Al2Oj.2SiO2.12HjO. The index of refraction of the isotropic mineral is 1665, 
A. F . Kogera, and S. G. Gordon described samples from tho Grand Canyon which are probably 
cyanotrichxtc, a blue mineral occurring in needlo-hke crystals described by E. S. Larsen 
with a=l'688, jS- 1-107, andy— 1'665?' 


If a piece of silver bo heated in contact with glass or glaze, below the softening 
temp, of eitlier, the silicate acquires a yellow colour owing to the diffusion of the 
metal into the solid. The diffusion of silver in glass has been discussed by 
A. Heydweiller and F. Kopfermann,® E. Warburg, G. Schulze, etc. Glass coloured 
with colloidal silver, analogous to gold ruby glass, is blue. J. S. Stas also showed 
that finely divided silver combines with glass when heated in a current of air to 
near its softening temp., and that silicates and silica are attacked by the molten or 
vaporized metal. Porcelain is coloured yellow or yellowish-brown when heated 
with silver. J. J. Berzelius showed that silver introduced as oxide also dissolves 
in fiwed silicates, forming yellow glasses ; and he said that when the precipitate 
obtained by^adding aq. ammonia to a soln. of silver fluosilicate, is treated with an 
excess of ammonia, silver silicate is formed. For colloidal silver silicates, vide supra, 
water-glass, E. Jordis found that when sodium silicate is fused in a silver crucible, 
the metal is attacked, and when the product is extracted with water, a brown 
voluminous mass remains which becomes black when treated with an excess of 
water. It contains silver and soda in the ratio Ag : NaOH=0'001296 : 1. If 
silicic acid is added, a brown silver silicate is formed. J. D. Hawkins said that 
if a soln. of silver nitrate be treated with sodium silicate, a citron-yello^ pre- 
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cipitate is fomed, which becomes darker in colour when dried. Analyses show 
that it contains a little more silica (as impurity) than corresponds with silm 
metasilicate, Ag2Si03. It is readily decomposed by acids, and is completely 
soluble in aq. ammonia, It can be heated \Wthout decomposition, but, at a red 
heat, it decomposes into silica, silver, and oxygen. W. Pukall claimed to have 
made a metasilicate by heating an intimate mixture of silicic acid and silver 
oxide in theoretical proportions. The dark yellow crystalline product is readily 
attacked by nitric acid. R. Schwarz and G. A. Mathis worked with dil. soln., and 
obtained a precipitate of dihydrated silver metasilicate, AgoSi03.2H20 ; and they 
converted this into dihydrated silver diamminometasilicate, Ag2SiO3.2H2O.2NH 3. 

According to G. Rousseau and G. Tite, when silver nitrate is heated with a small 
quantity of water and fragments of marble in sealed glass- tubes at 180 *^- 300 '^ for 
many hours, deep ruby crystals are obtained, adhering strongly to the sides of the 
tube. They correspond with silver dinitratotriorthosilicate, 2AgN03.3Ag4Si04, 
or 7Ag2O.3SiO2.N2O5. A similar product is obtained if finely divided silica is 
added to the contents of the tube, and in this case the crystals do not adhere to the 
glass. Silver oxide may be used in place of calcium carbonate, but the excess is 
difficult to separate at the end of the operation. •The same product is obtained in 
smaller crystals by heating silver nitrate with silica at 350 "'- 140 ‘'. Silver nitrato- 
silicate forms short, ruby prisms showing longitudinal extinction in parallel light. 
When heated to dull redness, the crystals intumesce with evolution of nitrogen 
oxides, leaving a residue of metallic silver and the silicate, Ag2Si03. The nitrato- 
silicate is easily soluble in dil. nitric acid, but after some time, and especially on 
heating, silica separates. Hydrochloric acid decomposes the compound immediately 
with the separation of silver chloride. Ammonium chloride also decomposes it, 
and the soln. smells of ammonia, but nilraiosilicic acid could not be isolated. A 
soln. of potassium chloride soln. is without action even at 100°, but potassium 
iodide yields silver iodide and potassium nitratosilkate, the latter separating in long 
needles when the filtrate from the silver iodide is cone, in a vacuum. 

For the coloration of glass with gold, vide 3. 2.3, 1 1. According to P. P. von Weimam,* 
if O'l-l O per coat. soln. of sodium chloroaurato and sodium silicate are mixed, a clear 
soln, of, posijibly, auric sUicale is obtained. This gradually develops a reddish colour, 
and, changing slowly, finally becomes blue. Coagulation commences after several months, 
and the microscopic (examination of the coagulum has shown a close similarity in structure 
with that presented by the gold in auriferous quartz. H. Rose assumed that the colourless 
glass which becomes ruby-red when reheated contains gold siheat-e, and that the red colour 
occurs w'Jien the silicate changes to red oxide. Had he said that tlie red colour is duo to 
the separation of ultra-microscopic particles gold, many would have agreed with him 
to-day. • 
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§ 25. The Silicates of the Alkaline Earths 

•• 

P. Berthier i tried to make a definite silicate by fusing a mixture of lime and 
silica, and separating the free lime by washing. This method led him to the 
formula 2Ca0.3Si02 for the product ; L. E. Kivot, to 2('a0.Si02 ; and E. Landrin, 
to 4Ca0.3Si02. Assuming that the mixture was completely fused, the anhydrous 
basic silicates are partially decomposed by water, and the hydrated silicates are 
progressively decomposed by the washing with water. N. G. Sefstrom heated 
various mixtures of quartz and marble in carbon crucibles in a blast furnace, 
and obtained products which were represented by the older chemists as definite 
calcium silicates — e.g. calcium orthmilicate, 2Ca0.Si02 ; calcium metasUicate, 
Ca0.Si02 ; calcium sesquisilicate, 2Ca0.3Si02 ; calcium mesodisUicate, Ca0.2Si0g ; 
and calcium paratrisilicate, CaO.SSiOg — although there was little ^or no evidence 
that the products were chemical individuals. Similar remarVs apply to the 
silicates reported by E. Martiu— tuz. 2Ca0.5Si02 ; SCaO.SSiOg ; l()Ca0.5SiOg ; 
lOCaO.5SiO2.2H2O ; ISCaO.SSiOg ; and 2CaO.58iO2.3H2O. W. 8. Patterson and 
P. F. Summers discussed the effect of additions of alumina, and oxides of copper, 
zinc, iron, and magnesium on the fusibility of lime silicate slags. 

Observations on the fusibility of mixtures of silica and calcium oxide were made 
by A. Petzholdt, H. Philippi, W. A. Lampadius, P. Berthier, N. G. SefstrCm, 
T'. Gredt, W. Heldt, G. Oddo, E. Jordis, 0. Schott, R. Rieke, and A. J. Rossi. 
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J. W. Cobb noted that the reaction begins below the m.p. of either component. 
0 . Boudouard observed three maxima and feur eutectics on the fusion curve. The 
maxima corresponded with calcium orthosilicate, calcium metasilicate, and tri- 
calcium silicate. A. L. Day and E. S. Shepherd showed that under normal 
conditions, combinations are formed at temp, below the m.p. provided the con- 
stituents are finely powdered and adequately mixed, lliey found that silica and 
calcium carbonate ( 1 : 1 ) begin to react at 800®, and the reaction is nearlj^ complete 
at 1400® ; and mixtures of silica and calcium sulphate (between 3 and 3 : 1) 
react between 1005® and 1010®. J. A. Hedvall detected signs of a reaction between 
precipitated silica with calcium oxide at 1000®, and silicate formation at 1400® ; 
and with barium oxide at 900®. E. Tischler found that at a press, of 25 atm. in 
steam it is not possible to effect the union of eq. proportions of lime and silica, but 
at 200 atm. very little escapes combination ; and. the compound formed is 
CaSi 08 . 2 ‘ 34 H 20 , but the proportion of water varies a little. H. 0. Hofman made 
observations on the temp, of formation ; and R. Akerman measured the heats of 
solidification, Q, of some calcium silicate mixtures. If 0® be the m.p. ; C cals., 
the sp; lit. between 0 ® and ; L, the latent heat of fusion, Q^=Cd-\-L. D. Balareff 
found that the presence of water, and of traces of hydrogen cliloride or sulphide 
vap. favours the reaction between •silica and calcium oxide ; while air, hydrogen, 
and carbon dioxide also favour the reaction. It is assumed in some cases that the 
gas forms a surface skin of, say, sulphide or chloride, which fuses easily and brings 
the two materials in better contact. In other cases, the surface mols. are loosened 
by the adsorption of the gas, and the effect is comparable with softening or melting. 

The thermal diagram of mixtures of calcium oxide and silica has been developed by 
A. L. Day and co-workers, C. Doelter, G. A. Rankin and co-workers, P. Niggli, and 
J. B. Ferguson and H. K. Merwin. This work is summarized in Fig. 70. Calcium 
forms at least four definite silicates : the orthosilicato, Ca 2 Si 04 ; the metasilicate, 
CaSiOs ; the orthodisilicate, Ca 3 Si 207 ; and the basic silicate, CasSiOs. In addition, 
the ortho- and meta-silicates exhibit crystalline modifications. The mutual 
relations of these different compounds are illustrated in the equilibrium diagram, 
Fig. 70. S. G. Gordon reported the occurrence of the aCa 8 i 03 -Ca 3 Si 207 eutectic 
at Spartanburg, S.C. The compositions and temp, of critical points are sum- 
marized in Table XIII, where the temp, marked with an asterisk are inc'ongruent 
m.p., the others are congruent. 




1 

Per cent, by weight. 




CaO 

8lOg 


Eutectic; cristobalite — jSCaSiOs 

B 1 

37 0 

03 0 

1436' 

Eutectic ; p. CaSiO j-Ca aSi ,0 , . 

1) 1 

54-5 

45 5 

1455' 

Invar. : CujSijO,-Ca,iSi 04 

. H 

55 f) 

44-5 

1475' 

Eutectic : Ca,Si().-C?aO . 

F 

67-6 

32-5 

2065' 

/S-CaSiOa .... 

(J 1 

48-2 

51-8 

1640' 

CaaSigOf .... 

. H 

68-2 

41-8 

1475' 

CagSiOg 

. ' ' 

05-0 

35 0 

2130' 

CagSiO. 

— 1 

73-6 

! 26*4 

1900' 

CaO 

Q \ 

100 i 

i 0 

2670' 


P. Berthier tested the fusibility of various mixtures of silica with baryta and 
with strontia. P. Eskola’s equilibrium diagrams for strontium and barium oxides 
with silica are shown in Figs. 69 and 70. The results are summarized in Table XIV. 
The m.p. in the table are all congruent. Strontium furnishes the orthosilicate, 
81 * 281504 , and the metasilicato, SrSiOs, but not in polymorphic forms. Barium also 
furnishes one form each of the orthosilicate, Ba 2 Si 04 ; the metasilicate, BaSiOg ; 
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the mesodisilicate, BaSi203 ; and the mesotrisilicate, Ba2Si30g. P. Bary discussed 
the glassy silicates of the alkaline eartijs. 



Fias. 61) and 70. — Temperature-Concentration Diagrams of the Binary Systems : SrO SiO, 
and BaO-SiOj. • 

A number of hydrated calcium silicates have been reported in nature, and 
some have been prepared artificially. The products obtained by the wet processes 
are usually variable in compositiwi and have the character of colloids. Near the 


Table X[V,- -CJoivieosiTioNs ano Tkmi'ekatuhkh in the Binary Systems; SrO SiO, 
ANO BaO -SiOj, 


Eutectic : tridymito - RO 
RSiO, .... 

RjSiO*. 

Rj^iat^d *• . 

Eutectic : •RjSiaOg -RO. 
Eutectic: RSi() 3 -R 2 Si 04 
Eutectic: R 2 Si 04 -'R 0 . 


Per cent, by weljjht. 


SrO 

810 , 

ni.p. 

46-5 

6 . 3-5 

1368 '^ 

6,') -2 

36-8 

1678 " 

77 ’r) 

22-6 

- 



« 

6 .'>T> 

34 6 

1645 ^ 


Pit cent. 

by weight. 

ni.p. 

BaO 

BIO, . 


47 

63 ^ 

1374 '^ 

71-8 

28-2 

1604 ^ 

83 6 

i 16-4 

— 

62 0 

37-1 

1460 ^ 

66 

35 

1437 ' 

74-6 

25-5 

1651 ' 


• * 

end of the eighteenth centuryp J. Uadolm,*-^ and L. B. G. de Morveau precipitated 
alkali silicates by a calcium salt, and by treating hydrated silica with calcium 
hydroxide. J. N. von Fuchs stated that hydrated silica added to lime-water pre- 
cipitated a white, pulverulent calcium silicate. W. Hcldt observed that silicic acid 
mixed with milk of lime forms a hard mass. E, Landrin stated that gelatinous 
and dialyzed silicic acid acts on lime-water forming various hydrated calcium silicates 
which play a r 61 e in the setting of hydraulic cement. He represented the com- 
position of the precipitate by 4Ca0.3Si02 ; L. E. Kivot, by 2Ca0.Si02 ; and 
P. Berthier, by 2Ca0.3Si02. This subject was studied by H. le Ghatelier, who 
demonstrated that products with a composition between Ca0.10Si02 and 2Ca0.8i02 
can be obtained by varying the proportions of lime and silica used in their pre- 
paration, and by using a sufficient vol. of water in washing, a residue* of nearly pure 
silica can be obtained. E. Jordis found that the action of hydrated silica on a 
boiling soln. of lime-water gives products of variable composition the mean of 
which is O'fiSCaO.SiOg. E. Jordis and E. H. Kanter did not obtain homogeneous 
products by heating silicic acid and calcium hydroxide in the presence of a molar 
soln. of calcium chloride ; and when a soln. of calcium hydroxide, either alone, or 
in the presence of a calcium salt, and suspended silicic acid, is boiled, the calcium 
from the hydroxide combines with the silica, and is afterwards removed from the 
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press. — 20-200 atm.— in an autoclave. 
zfiOif f - 1 

^JrCdtSiCk^Cd^SiOsz 
CdiSiiOj^ melt-A - 

p-CdSiOs Arnett- ^ 


compound formed, and then again combines with it to a greater extent than before. 
The anion of the calcium salt plays a part in the reaction. A mixture of calcium 
oxide or hydroxide and quartz or amorphous silica— kieselguhr— -was heated under 

The tenacity of the product with calcium 
hydroxide was less than if 
the mixture with calcium 
oxide was .afterwards 
hydrated. The tenacity was 
greater the ^eater the den* 
sity of the silica. Quartz 
reacts most slowly. The 
maximum tenacity was 
obtained with CaO : Si02 
=1:3, combination was 
not complete. With a 
mixture CaO : Si02=l : 1, 
combination was com- 
plete at 200 atm. press., 
and the resulting silicate 
had the composition 
Ca0.Si02.2‘34H20 — vide 
infra, hydrated calcium 
mcta silicate. E. Tischer 
obtained a similar product, 
V ’ 7/? Thatcher said that 

^ ^/irce^t.Cd0 inthehydrationofhydraulic 
cement, elongated crystals 
of Ca0.Si02.2'5H20 are 
formed by the decomposi- 
tion of the basic trical- 
cium silicate : 3Ca0.Si02-f 4JIl20=2Ca(0H)2-f Ca0.Si02.2JH20. Fig. 71. When 
a mixture of milk of lime and a cone. soln. of water-glass is stirred, speedy 
coagulation occurs, and the mixture “ sets,” and it becomes crumbly if the stirring 
is continued. If the soln. be sufficiently dil. a voluminous precipitate of calcium 
silicate is formed. The.se phenomena were observed by J. N. von Fuchs, J. M. Ord- 
wav, etc. 
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-Equilibrium Diagram of Binary Mixtures of 
Calcium Oxide and Silica. 


F. Kuhlmann also noted that an aq.^oln. of an alkali silicate is decomposed by 
calcium carbonate, sulphate, or phosphate, forming calcium silicate and an alkali 
salt. 0. G. 0. Bischof said that calcium carbonate does not react with hot or 
cold soln. of alkali silicate ; J. von Liebig said that washed chalk adsorbs but a 
little alkali silicate from a dil. aq. soln. of water-glass ; J. M. Ordway, and F. von 
Kobell noted that calcium carbonate decomposes a hot soln. of water-glass. 
A. C. Becquerel obtained stalactitic formations of calcium silicate by introducing 
chalk impregnated with lead or cupric nitrate into a soln. of water-glass of sp. gr. 
1*074 ; and by separating soln. of calcium acetate and potassium silicate by means 
of a porous membrane, he obtained a deposit of doubly refracting crystals of calcium 
silicate on the membrane. C. F. Rammelsberg reported the presence of 
needle-like crystals of hydrated caktnm orthodisilicate, 3CaO.2SiO2.H2O, or 
CaSiO8.Ca2SiO4.H2O, from the hearth of a Leblanc soda-ash furnace. W. Heldt 
reported the formation of the hydrated salte : pentahydrated calcium tnpentita- 
silicate, 6CaO.3SiO2.5H2O, by triturating a mixture of calcium hydroxide and a 
soln. of water-glass ; and of trihydrated calcium paratmUicale, CaO.3SiO2.3H2O, 
by the action of calcium chloride on a soln. of water-glass. T. J. P61ouze, and 
J. Weisberg precipitated the silica as calcium silicate from a soln. of an alkali silicate 
by the addition of calcium chloride ; W. Heldt used calcium saccharate as pre- 
cipitant. E. .Tordis and E. H. Kanter could not obtain evidence of the formation 
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of definite chemical individuals by the action of calcium chloride on aq. soln. of 
sodium silicate, or by the action of gelf^tinous silica on lime-water in the presence 
of calcium chloride. According to A. L. Herrera, wlien a soln. of potassium silicate, 
with a sp. gr. of 1 '5 or more, and containing potassium carbonate not in excess of a 
normal soln., is placed inside an unglazed porcelain cup, and the latter placed in 
calcium chloride soln. of sp. gr. 1 007, after 24 hrs., numerous very fine tubes of 
calcium silioete are formed on the outside of the porous cuj). The surfaces of the 
films have a number of microscopic cells, and in some cases are formed entirely of 
cells. 

According to H. le Chatelier,^ crystals of calcium ozyorthosilicate* Ca0.Ca28i04, 
or 3Ca0.Si02, occurs in hydraulic cement, and the product obtained by calcining 
the limestone of Teil has very nearly this composition, and it is an excellent hydraulic 
cement. L. E. Rivot, G. Qddo, and E. Jordis mention this compound ; while 
A. L. Day and E. S. Shepherd say that no one has isolated a definite homogeneous 
compound of the composition, 3Cat).Si02 ; and attempts to make it by fusing the 
constituents together furnish mixtures with ill-defined optical qualities. 
G. A. Rankin and F. E. Wright found that the com{)ound is unstable at its fn.p., 
and it does not occur in contact with the melt in th6 binary system. Fig. 71, so that 
it does not occur as a primary base at any point of the liquidus curve. It does, 
however, occur as a primary base within the ternary system, Ca0-AL03-Si02. 
In the formation of the compound from the mixed oxides at 140()°-15(X)°, the ortho- 
silicate is first produced, and this, oit longer heating, unites with free lime to produce 
the basic orthosilicate. It dissociates at 1900“ ±20®, forming CaO and the ortho- 
silicate ; this temp, is below that of the eutectic, 2065®, between calcium oxide and 
calcium orthosilicatc. The basic silicate occurs in small, colourless grains about 
0*3 mm. long which arc apparently without cleavage ; the refractive index approxi- 
mates 1'715, and the birefringence is weak, not over 0005. The grains appear to bo 
uniaxial or biaxial with a small optic axial angle. The optical character is negative. 
Fine twinning lamell®, with low extinction angles, occur on some of the grains, indi- 
cating that the crystal system is possibly monoclinic. H. le Chatelier suggested 
that the oxyorthosilicate and the orthosilicatc are isomorphous. 

The anhydrous orthosiheates.— N. G. Scfstrdm could not fuse a mixture of 
two molar.prbportions of calcium carbonate wi|h one molar proportion of silica 
in the furnaces available in his day ; but G. Oddo fused the mixture in an electric 
furnace, and obtained a porcelain-like mass. G. Stein, H. Hancmann, W. Pukall, 
and V. Poschl made observations on this subject. *E. Kittl noticed that during 
crystallization there are 190,000 centres 4 ^ crystallization per sq. cm. H. le 
Chatelier, C. Zulkowsky, E. Jordis, etc., noted the occurrence of crystals of calcium 
orthosdlicate, 2('a0.Si02, or Ca2Si04, in the clinker of portland cement. A. Meyer, 
C. Zulkowsky, and P. Rohland suggest that two isomeric forms occur in portland 
cement ; and the latter symbolized these hypothetical isomers : 


Ca<0>Si<®Nt^ 




A. Gorgeu found the orthosilicate among the products of the action of steam 
on a mixture of silica and calcium chloride at a high temp, F. de Lalande and 
M. Prud’horame, and W. Lowenstein obtained this compound by the action of 
heat on various mixtures of silica, lime, and calcium chloride. H. L. Vogt 
also found crystals of the orthosilicate in blast furnace slags. To, emphasize its 
relation to the orthosilicates of the magnesium family, calcium orthosilicate is 
sometimes called limeolivine. D. A. Tschernobajeff and 8. P. Wologdine estimated 
the heat of formation of 2Ca0.Si02 to be 28*7 Cals. 

According to A. L. Day and co-workers, the individuality of calcium ortho- 
silicate is established by its appearance as a maximum, corresponding with a m.pi 
of 2080® on the equilibrium diagram, Fig. 71, and by the optical properties of 
the^^roduct. It crystallizes in three, possibly four, distinct forms. The a-form 
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here described is that designated the y-forra by A. L. Day and co-workers, while the 
y*form here described is A. L. Day’s a-form. The alteration is made in accord 
with general usage, where the form stable at the low temp, is called the a-variety. 
The y-calcium orthosilicate is stable between UlO'" and the m.p. ; jS-calcium 
orthosilicate is stable between 675° and 1410° ; and a-calcium orthosilicate is 
stable below 675°. j3' -calcium orthosilicate is a monotropic, unstable form. 

G. A. Rankin and co-workers give 1420° ± 2° for the higher transition temp, of the 
y- to the p-iotm. The changes are reversible so that they also give 2130° + 20° for the 

676“ 1420“ 

a-Ca 2 Si 04 j3-Ca28i04 ^ y-Ca 2 Si 04 

m.p. of the y-form ; while A. L. Day and co-workcrs gave 2080°. 
0. Boudouard gave 1420° for the m.p. of the orthosilicate ; R. Rieke, 1435° ; and 

H. Philippi, 1450°. The different forms can be obtained in a metastable state at 
ordinary temp, by rapid cooling. As a result ofthe quenching, the transformations 
are checked for considerable intervals of time. R. Lorenz and W. Herz studied 
the rMation between the m.p. and the transition temp. 

The transformation of the fi-to the a-form, in cooling, is attended by an expan- 
sion of about 10 per cent. This shatters the product to fine dust. The phenomenon' 
is sometimes observed in the manufacture of portland cement, and is known as 
duslitu). The phenomenon occurs with calcareous blast furnace slags. For this 
reason the form stable at ordinary temp., a-calcium orthosiUcate) appears tis a 
fin(5, colourless, transparent dust, prismatic in habit, with reflect cleavage along the 
prism axis. It usually extinguishes parallel to the direction of elongation, but 
occasionally there are indications of twinned forms with a small extinction anghi, 3°. 
The sp. gr. is 2'97. The refractive indices are a--4'640 + 0*003, j8=:l*645 + 0*003, 
and y— 1*654 + 0*003. The birefringence is medium, being about 0*014. Th(! optic 
axial angle is 52°. The plane of the optic axes in contradistinction to the j3- and 
y-forms, is perpendicular to the prism axis or the direction of cleavage. 

The colourless, transparent crystallites of j3-calcium orthosilicate are prismatic ; 
they have a cleavage paralhd to the prism axis, and probably belong to the rhombic 
system. The sp. gr. is near 3*27. The least ellipsoidal axis is parallel to the prism 
axis, and the optic axial angle is very large. Twinning is absent, and the extinction 
is parallel. The refractive indices are large a~ 1*722 + 0*003, and y= 1*733 + 0*003. 
The birefringence is medium, being about 0*01. The progressive paramorphic 
change of the j3- to the a-forln can be followed under the microscope. Soon after 
cooling, irregular interference colours appear as though induced by internal strains, 
and soon the mass resembles a crystalline aggregate of minute fibres. Towards 
the end of the process and, for the reason stated above, the larger masses usually dis- 
integrate as fine powder. An unstable form, called j8' -calcium orthosilicate, was 
once obtained by quenching an old hydrated sample from 1415° ; it coul.d not be 
obtained from fresh samples. It appears as fine colourless equant grains without 
visible cleavage. The average refractive index is very nearly the same as that of 
calcium oxy orthosilicate, being about 1*715, and the birefringence is very weak. 
Interference figures were difficult to obtain because of the fine granularity, and the 
weak birefringence ; but the optic axial angle appears to be small or zero, and the 
optical character positive. The last characteristic distinguishes the jS^-form from 
calcium oxyorthosilicate. This form appears to be monotropic, but the evidence 
of its existence cannot be regarded as conclusive. 

Like j 3 -Ca 2 Si 04 , y-oalohun orthosilicate shows prismatic development with 
a good cleavage parallel with the prism axis. The crystals occur in irregular grains 
80 intricately interwoven and twinned that a satisfactory measurement of the 
optical constants is difficult. Twinning is a characteristic feature and is often 
extremely complex. Different sets of the twinning lamellae occur intersecting at 
various angles, and together form an interpenetrating mass not unlike microcline 
or leucite. Occasionally, in a thin plate, only one set of polysynthetic twimpg 
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lamellaB is present, and resembles a section of plagioclase twinned after the albite 
law. Extirfetion angles were noted as high as IS"", though smaller angles appear 
more frequently. The crystals are either monoclinic or triclinic - probably the 
former. The sp. gr. is near 3' 27 ; and the hardness between 6 and 6. The refractive 
indices are approximately a =:1‘714± 0*003, ^—1*720 + 0004, and y--l*737± 0*003 ; 
the birefringence is about 0 02 ; and the optical character is positive. The optic 
angle is about 180°, and the plane of the optic axes is nearly parallel with the direction 
%f elongation of the crj^tals. 

The a-form is teadily distinguished from j8- and y-forms by its low refractive 
index, its optical character, optic axial angle, and the position of the plane of the 
optic axis to the prism axis ; while the j8-form is distinguished from the y*form 
by the absence of twinning and the parallel extinction. H. le Chatclier found that 
calcium orthosilicate is readily decomposed by hot or cold, dil. or cone. soln. of 
ammonium salts. The action of acids is .still more rapid. The decomposition by 
carbonic acid is much faster than is the <^asc with the. metasilicate. Hot or cold 
^ater has no appreciable action ; and only a small proportion W'as dissolved after 
a month’s action. 

R. Kirwan,^ L. N. Vauqiielin, anil 0. Bourgeois obtained glasses by fusing 
together mixtures of strontia and silica. G . Stein melted t\^1.) mols of strontia and 
one mol of silica in a carbon tube and obtained only the metasilicate and carbide, 
but when a porcelain tube was employed, large, doubly-refracting, biaxial crystals 
of strontium orthosilicate, Sr2Si04, wore ol)tained. The sp. gr. is 3*81, and he gave 
for the m.p. 1593°. If cooled rapidly, a glass is produced. The diagram, Fig. 09, 
indicates the region of stability of strontium orthosilicate ; its m.p. was found by 
P. Eskola to be above the range of the platinum resistance furnace. G. Stein gave 
1693° for the m.p. No evidence of polymorphic forms was obtained by heating the 
crystals between 990° and 1034° ; by slow cooling ; or by melting with strontium 
chloride. The salt did not show the phenomenon of dusting exhibited by the calcium 
salt. The indices of refraction wdth the F-ray, Tl-ray, /i-ray, and the (^-ray were 
respectively a-l*740, 1*7325, 1*7275, and 1*722 ; j8-l-744, 1*737, 1*732, and 1*727 ; 
and y* -1*700, 1*700, 1*750, and 1*752. Tlie optic axial angle 2J5=58°, and 
2^—32° 31/. Th(i optical character is positive. The twinning of many crystals 
on the (10())-plano was observed. The crystals are thought to be monoelinic- or 
possibly rhombic. W. Pukall made some observations dn strontium orthoBili(!ate. 

R. Kirwan, B. Kerl, and G. Wagoner obtained glasises by fusing together mixtures 
of baryta and silica. C. L. Bloxam %tudied the expulsion #f water from barium 
hydroxide by heating it with silica. A . Mitscherliqlb noted that much heat is evolved 
when silica is dissolved in baryta at a white heat. The crystalline product is 
re^idily soluble in liydrocldoric acid. G. Stein, by the above-named process,, obtained 
only the metasilicate. H. Ic Chatclier did not make bftrium Olthosilicate, Ba2Si04, 
but obtained a sintered mass with a crystalline structure by beating the necessary 
components in a wind-furnace. The product when treated with water decomposed 
into barium, hydroxide and the hydratedpmetasilicatc. E. Jordis said that it is 
doubtful if the barium orthosilicate so produced is a homogeneous individual. 
W. Pukall made some observations on barium orthosilicate. The diagram,^Fig. 70, 
indicates the region of stability of barium orthosilicate ; and its m.p. was found 
by P. Eskola to be higher than that of platinum. F. M. Jager and H. S. van 
booster said the m.p. exceeds 1750°. The crystals were found by P. Eskola to 
be in the form of rounded grains, and they did not show any cleavages oi^ twinning. 
The indices of refraction for the D-mj were a==l *810 ± 0*005, and y —1*830 + 0 005. 
Both H. le Chatelier and E. Jordis failed to prepare the orthosilicate by wet pro- 
jesses. F. Pisani reported 3BaO.2SiO2.2H2O, but he made a mistake in the 
calculation of his results ; his product was probably the hexahydrate^l meta- 
iilicate 

The anhydrotu m6ta8ilicate8.~-Th6 most important of the calcium silicates 
)ccurring iA nature is caldam metasilioate, CaSiOs, known as the mineral WOUSI- 
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tonit6. This name was applied in honour of W. H. Wollaston, and, according to 

C. C. von Leonhard,® it was catalogued by S. L^man as a specimen found at Capo 
di Bove, near Rome, and it was supposed to be different from the ordinary 
tabular spar. In 1793, A. Stiitz first described the mineral as tabuhr and 
A. Estner used the same term in 1797, M. H. Klaproth analyzed it in 1802. 

D. L. G. Karsten called it grammiU, and A. G. Werner, Schalstein. R. J. Hatty 

first called it apath en tables, but later he called it woUastonkOy a term used at the 
present day. , 

Wollastonite is rarely found in eruptive rocks, but is commonly found as a product 
of contact metamorphism, more particularly in granular limestones. It occurs in felspathio 
schists, basalts, etc. ; and A. Lacroix found wollastonite associated with aplite. 

F. A. Walchner, F. Koch, and J. H. L. Vogt described the occurrence of the crystals in 
blast furnace slags, and in volcanic lavas. A? Guilt, F. Koch, F. Fouqu6, J. Morozewicz, 
etc., L. Appert and J. Henrivaux found wollastonite crystals in devitrifying glass.. 
U. Brenosa showed that the devitrification product is possibly a tetragonal modification, and 
he found it in the obsidian glass in a tunnel at Pisoua. Ho proposed to call the natural tetra- 
gonal form bourgeoisite. C. V^lain reported wollastonite in the slag formed during the burn- 
ing of some corn-stacks. G. vora Rath described its occurrence at Kaiserstuhl, and P. Platz, 
at Bellenwald in Baden ; C. W. C. Fuchs, P. Platz, P. Groth, and A. Strong, at Auerbach 
in Hessen ; P. Platz, atPfaffenruth, and F. Sandberger, at Schweinheim and Gailbach in 
Bavaria ; A. Frenzel, at Lengefeld and Berggieshiibel m Saxony ; E. Leisner, and E. Schuh- 
raocher, at Geppersdorf, and H. Traube.at Neudeck in Silesia ; F. Katzer, at Humpoletz 
in Bohemia ; V. R. von Zepharovich, at Blunda in Miihren ; K. F. Peters, F. Hessenberg, 
F. Sandberger, L. S. Szathmary, and V. R. von Zepliarovich, at Rezbanya and Cziklova 
in Hungary j G. vom Rath, A. d’Achiardf, L. Busatti, G. Striiver, A. des Uloizeaux, F. von 
Koboll, 'f. Monticelli and N. Covelli, A. Scacclii, B. Miensch, and P, Grosser, in Elba, 
Sardinia, Bracciano, Cajio di Bovo, and Vesuvius in Italy ; F. Fouqu^, K. von Seebach, 

F. Hessenberg, and A. Michel-lj6vy and A. Lacroix, in Santorin, Greece; A. Piquet, and 

G. A. Kenngott, at Merida in Spain ; A. Lacroix, and C. \V. Cross, at Argonti^ros and 
Rogueilas in France ; R. P. Greg and W. G. Lettsora, at Dunmore Head in Ireland, and 
near Aberdeen in Scotland ; A. Erdmann, P. Groth, A. E. Tbrnebohm, F. von Kobell, 
W. Hisinger, G. A. Kenngott, and G. Forchhamraer, at GOkum, Wettemsee, Aln5, etc., 
in Sweden ; A. E. Nordenskjhld, and F. J. Wiik, in Finland; A. des Cloizeaux, A. Lagorio, 
and N. von Kokscharoff, at Wilna, Kasbek, etc., in Russia ; H. Wulf, 0. Miigge, and 

G. Giirich, in Hamaraland, Nomaqualand, and Massaland, Africa ; L. Hundeshagen, in 
Sumatra; A. K. Coomaraswamy, in Ceylon; T. Wada, in Japan; G. C. Hoffmann, at 
Grenville, North Burgess, etc., in Canada; and L. Vanuxem, H. Seybert, J. D. Whitney, 
J. 1). Dana, E. A. Schneider, J. F. Williams, etc., in Bucks County, Willsborough Diana, 
Bonaparte Lake, etc., in tha United States. The mineral wilmte (or vilnite) from Wilna 
(or Vilua) was shown by A. des Cloizeaux to be wollastonite. The calcium trisilicate, 
2Ca0.3Si0t, found at .^delfors, and Gjellebiik (Norway), by W. Hisinger, and named 
(Bddforsite,v!Q& shown ly G. Forchhammer to be wollastonite contaminated with quartz, 
felspar, garnet, and sometimes with calcium carbonate. Analyses have been made by 
C. F, Ramraelsberg, It. Brandes, Fl’ft, Beudont, M. H. Klaproth, H. Traube, J. Loezka, 
F. Stromeyer, H. St. C. Deville, J. Lemberg, F. von Kobell, A. Funaro, G. vom Rath, 
A. von Reis, F. Fouqu^, A. Piquet, M. F, H^dle, C. E. Weidling, W. Hisinger, H, Rose, 
0. Widman, L, C. Beck, P. A. von Bonsdorff, N. von Kokscharoff, H. Wulf, L. Vanuxem, 

H. Seybert, J. D. Whitney, J. H. L. Vogt, W. Hampe, G. Tschermak, E. Manasse, 
A. d’Achiardi, F. Zambonini, C. Doelter, P. P. Sustchinsky, T. Wada, L. Hundeshagen, 
A. K. Coomaraswamy, E. A. Schneider, J. F. Williams, L. S. Szathmary, etc. Vide 
laumontite. 

F. Zambonini * described a pale blue mineral from Vesuvius, found in loose nodules, 
wliioh he called rivaite — after C, Kiva. Its composition approximated (Ca,Na2)Si|0(. 
The sp, gr. was 2 *56-2 ’56 ; and the hardness 6. The birefringence was weak. N. L. Bowen 
showed, however, that rivaite is heterogeneous, being wollastonite embedded in a blue 
glass. The same remark applies to the so-cadled nawnurite. 

CakiuijL vcv Vwo ioima— natural wolilastomte^ wlucliis 

wufiowoMastonite, which is pseudohexagonal. Both 
forms can be prepared artificially. The two forms are sometimes mistaken for one 
another, and although wollastonite has been frequently reported in slags and 
giassesr-^e supra— i, H. L. Vogt,^ and P. Heberdey said that it is rarely found in 
slags, while pseudowoUastonite is common. According to J. H. L. Vogt, 
the synthetic wollastonite prepared by B. Mauritz, and L. S. Szathmary was reaUy 
pseudowoUastonite. According to E. T. AUer. and W. P. White, “ 
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ftftble only below 1190®, and above that temp, it passes into pseudowollastonite. 
By heating a glass of the composition CaSiOs between 800° and 1000°, crystals of 
woilastonite were formed. The conversion of pseudowollastonite to wollastonite 
was efiected by dissolving the former in molten cAlciura vanadate and crystallising 
between 800° and 900°. The fact that pseudowollastonite does not occur in nature 
is taken to show that rocks containing free calcium metasilicate must have crystal* 
Used at temp, below 4;he inversion point of wollastonite. PseudowoUastonite has 
also been caUed /i-woUastonite, and the ordinary form jS-wollastonite ; but since 
in other cases of allotropism, the a-form is the variety stable at a low temp., pseudo* 
woUastonite is designated j 8 -CaSi 03 , i.c. j3-wolla8tonite» in Fig. 72, and wollastonite, 
a-CaSiOj, i.e. a-WoUastonite. 

N. G. Sefstrom obtained a vitreous mass mixed with acicular crystals by melting 
a mixture of equimolar proportions of Quartz and marble. H. Lechartier melted 
a mixture of silica, lime, and calcium chloride and obtained what he regarded as 
crystals of woUastonite ; and A. Gorge u obtained similar crystals by heating 
a mixture of silica, and calcium oxide and chloride in a current of steam. 
J. H. L. Vogt, however, showed that the alleged wollastonite was probably the 
pseudo-variety. L. Bourgeois melted equimolar parts of lime and silica in a 
platinum crucible ; the cooled mass was then slowly heated nearly to the m.p., 
and needle-like crystals appeared near the walls of the crucible. By lieating 
the mass for two days, ncodle-Uke crystals 2 -3 mm. long and 01 mm. thick were 
obtained. E. Hussak obtained wollastonite by fusing and slowly cooling a glass 
containing silica, linn?, soda, and bone oxide —say, a mixture of sodium metasilicate 
and calcium borate. The crystals appear to be formed best in the presence of an 
agent min^ralizateur — e.g. boric oxide (E. Hussak), sodium or calcium fluoride 
(C. Doelter, B. Karndeeff, and F. Tursky), calcium chloride (H. Lechartier, and 
A, Gorgeu), and calcium vanadat-e (E. T. Allen and W. P. Whit-e). G. Oddo, 
H. le Chatelier, G. Tsohermak, and G. Stein made crystals of pseudowoUastonito 
from a molten mixtures of lime and silica. The formation of pseudowollastonite 
in slags has also been diseu.ssed by F. Koch, ('. Schnabel, J. F. L. Hausmann, 
L. Bourgeois, P. Heberdey, C. Doelter, J. H. L. Vogt, etc. G. V. Wilson observed 
the formation of erystals of wollastonite, but not pseudowollastonite, in glasses. 
W. Lowenstein noted the formation of calcium mctasilicatc when silica is dissolved 
in molten calcium chloride — vide silica. A. Daubr(f*e damned to have made wollas- 
tonite in microscopic needles by the action of superheated steam on a glass tube, 
but J. H. L. Vogt contested this stateftiont. C. Doelter, howf vor, heat/cd a mixture 
of calcium carbonate and silicic acid in a sealed tube at 4UO°-d2.')°. It was not 
possible to isolate the product from the excess of silica, but the monoclinic crystals 
closely resembled those of wollastonite. The gene.sis of wollastonite in nature has 
been discussed by U. Grubenmann, G. Spezia, V. M. Goldschmidt, C. Doelter, etc. 

Wollastonite occurs in white, grey, yellow, or brown tabular crystals which are 
monoclinic prisms. P. Groth ® gives for the axial ratios a :h: c— 1 0523 : 1 : 0'9694, 
and )3— 95° 24^'. Measurements of the crystals of native wollastonite were made 
by R. J. HaUy, W. Phillips, F. Mohs, H. J. Brooke, F. von Kobell, J. F. L. Haus- 
mann, A. des Cloizeaux, H. Rose, A. Michel-L6vy and 
A. Lacroix, G. vom Rath, C. F. Ramraelsberg, A. Funaro 
and L. Buzatti, N. von Kokscharoff, F. Hessenberg, etc. 

Fig. 72 represents the crystals from Diana, measured 
by J. D. Dana, with c (001), a (100), v (101), t (101), Fio. 72.— WollastoniiJb from 
and k (540). According to E. T. Allen and W. P. White, Diana, 

the lath-shaped crystals of artifleial wollastonite often 

present the same arrangement of divergent fibres as is given by natural wollastonite, 
and the two kinds are similar in every respect. The crystals often show perfwt 
cleavage cracks parallel to the long direction. The crysUds of pseudowollastonite 
appear in the form of small irregular grains often tabular in shape ; in short prisms ; 
or else as fibfes arranged in parallel ordivergent groups. 0. Doelter, and J. H. L. Vogt 
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^ Temperdture 
Fio. 73. — Effect of Tern- 


consider the crystals of pscudowollastonite to be hexagonal. L. Bourgeois, 
A. L. Day and co-workers, and E. T. Allen and W. P. White have shown that the 
crystals are pseudohexagonal, and are probably monoclinic. The crystals often 
show distinct and repeated twinning lamellae parallel to the basal pinacoid and 
with an extinction angle of 2'^. E. Kittl measured the rate 
of crystallization of wollastonite and found a curve, Fig. 73, 
with a sharp maximum at the most favourable temp. The 
maximum is about 20° below the temp, at ^hich crystalliza- 
tion begins. He estimated that during crystallization there 
are 330 crystallization centres per sq. cm. 

H. Traube gave 2'81 for the sp. gr. of wollastonite ; 
poraturo on the Speed q y 2-919; A. Funaro and L. Buzntti, 2-7-2-8; 

ofCrystalh-/.ation. ^ E, T. Allen and W. P. White 

found the sp. gr. of fibrous wollastonite made by the devitrification of glass 
to be 2‘915 at 25*725°, and the sp. gr. of the glass, 2-904:, at 25725° ; and the sp. 
gr. of the crystals from* calcium vanadate, 2-913 at 25725°; the sp. gr. of 
pseudo wollastonite under similar conditions was 2- 9 12, so that the differences 
observed might be attributed to experimental error. R. C. Wallace found tbe 
sp. gr. of pseudowollastonite to be 2*91 at 18°, and the mol. vol., 40. J. H. L, Vogt 
gave 2-81) for the sp. gr. of pscudowollastonite, and C. Doelter, 2-88-2-90. 
P. Lebedew found the sp. gr. of pscudowollastonite to be 2-88, and the hardness 
3*5. The hardness of wollastonite is .4-5. The coeff. of thermal expansion of 
the glass calculated by A. Winklemann and 0. Schott’s rule ® is 0-000028. A. Brun 
gave 1366° for th(^ m.p. of wollastonite crystals from Auerbach. 0. Boudouard 
gave 1440° for the m.p. of the metasilicate, and 0. Schott, 1300° (1450°); 
A. S. Ginsberg, and S. Smolensky, 1512° ; E. Rieke, 1525° ; H. Philippi, 1515° ; 
and N. V. Kultascheff, >1400°. A. li. Fletcher, 1253°-1258° ; and G. Doelter, 
1240°-12G5° for the m.p, of the crystals, from Auerbach ; 1245°-1265° for those 
from (Jziklowa; 1250°-13(X)° for those from Diana ; 1235°-1275° for tho.se from 
Elba ; and 1260°-1325° for those from Kimito— the first number represents the 
temp, at which fusion begins, the last number the temp, at which the silicate is 
fluid. E. T. Allen and W. P. White, A. L. Day and E. ,,S. Shepherd, and 
J. P. Lebedew gave 1512° for the jn.p. of pscudowollastonite ; G. A. Rankin and 
F. E. Wright gave 1540' ±2°. it. C. Wallace found the crystallization of the 
molten ma.ss begins at 1502°. R. Lorenz and W. Herz studied the relation between 
the m.p. and the transition t(‘mp. 11. Kopp gave 0-178 for the sp. ht. of wollastonite 
between 19° and 51° ; and W. P.., White gave : 

100 ° 500 ° 700 ° 900 ' 1100 ° 1300 ° 

Psoudowollastonite . , — 021G4 — — 0-2377 0 2419 

WoUa-stonite . . . 0'1833 0-2174 0 2287 0-2364 0-2403 — 


1). A. Tscliernobajeff and S. P. Wologdine gave for the heat of formation, (CaO,Si02) 
=^H7-4 Cals; and H. le Chatclior pve Ca 0 +Si 02 ~CaSi 03 -f 33-1 Cals. The 
transition temp, of the enantioraorphic forms is given as 1 180° by E. T. Allen and 
W. P. White, while G. A. Rankin and F. E. Wright gave 1200°, which is lowered to 
1190° by the dissolution of 2 per cent, of calcium oxide, and raised to 1210° by the 
dissolution of 2 per cent, of silica. 

B. Mallard found the indices of refraction of a sample of wollastonite from 
Pargas (Finland), to be a— P619, j8-— P632, and y=l-634 ; and A. Michel-Levy 
and A. Lucroix, one from Cziklova (Hungary), a--l'621, jS— P633, and y=P635. 
For artificial or a-wollastonite, E. T. Allen and W. P. White, and G. A. Rankin 
and F. E. Wright found with sodium light a=P616±0'002, |S=P629±0 002, 
and y=P631 ±0’002 ; likewise for pseudowollastonite or jS-wollastonite, 
a~P610±0'002, and y=l'654 ±0’002. The birefringence of a-wollastomte is 
medium, y-a=0 015 ; that of j3- wollastonite is strong, y-a~0'041 ; the extinction 
of a-wollastonite is parallel to the elongation. The optical character of a-wollas- 
tonite is negative, that of j3- wollastonite positive. The optical axial angle of 
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a-wollastonite is about 70^ : and that of j3'Wollastomt<} is small being nearly uniaxial. 
A. des Cloizeaux found 70^ 40' for the optic axial angle of wollastoiiite with red 
light, 69° with green light, and 68° 24' with violet light. He also found that an 
optic axial angle 73° 32' al 17 became 73° 4' at 1 26°. W. F. Hillcbrand found some 
samples give a greenish-yellow therinoluminesceiice. K. Przibrani studied the 
colour changes and the luminescence produced by radium rays. F. Farup and 
co-workers investigated the electrical conductivity of fuserl calcium silicates. 

Wollastomte js soluble in hydrochloric acid, and gelatinous silica separates from 
the soln. The reaction was studied by G. Kose, and (». Tschermak. A. Gorgeu said 
that boiling hydrochloric acid completely decompo.ses the mineral ; and with the dil. 
acid a part of the silica remains pidverulent and soluble in a soln. of sodium carbonate 
— the more cone, the acid the less residual silica. Cold dil. acetic acid does not 
appreciably affect the mineral. AccorJing to W. Flight,^ J a cone. soln. of sodium 
hydroxide attacks wollastoiiite, and lime and silica pass into soln. in the same 
proportions as they are present in the mineral. J. Lemberg found that when 
wollastonite is treated with a soln. of magnesium sulphifte or chloride, wollastonito 
is transformed into a hydrated magnesium silicate. He also studied the e.xchange 
of bases with soln, of .sodium and pota.s.sium .silicates, and iiotassium aluminate. 
A. Gorgeu said that OUl grin, of wolhcstonite dissolves in'about a litre (d water. 
G. A. Kemigott observed that powdered wollastonite before and after calcination, 
reacts .strongly alkaline to red litmus. A. Gorgeu fouml water sat. with carbon 
dioxide acts slowly on wollastonite ; and (•'. Matignon an<l G. Marchal examined 
the corro.siv(* action of water on wollastonib; in the pn'smice of carbon dioxide 
under ten atm, press, during 3 years. A. Gorgeu noted the .solubility of wollastonib* 
in fitsed calcium chloride, from which it 8ej)arate.s in tine crystals- un/c suj[)rn in 
connection with the .synthesis of w'ollastonite. According to G. F. Rankin and 
F. K. Wright, pseudowollastoniti' can take U{) 2 per cent, of lime or silica in solid 
soln. (’. l)(»clt('r found that calcium inctasilieate can dissolvt* 13 per cent, of 
silica. F. fjcbedeff mea.sured the f.p. of mixture.s of calcium metasilicate and 
calcium sulphide. The corrosive action of tin' latter pre- 
vented experiments with mixtures containing over 5t) per 
cent, of calcium* sulphide. The curve's are shown in 
Fig. 74. The solid soln. undergo a transformation at 
temp, below tlu'ir f.p., the transformation curve having a 
maximum at about 1.3(K)' and 20 mol. per c('nt. of 
calcium sulphide. Rapidly cooled n*iixtures disintegrate 
coinjiletely when cold, whilst slowly cooled, 411 ixture.s 
show, when examined microscopically, separate crystals 
of the ])seudow'olla8tonitc and of calcium sulphide 
identical with the oldhauulr, CaS, found l)y N. «. Ma.ske- 
lyne, W. Flight, 0. Friedheim, E. Golicn, (1. Hinrichs, 

and J, van baar in meteorites, W. S. Fatti'rsoii and F, F. Summers found that 
alumina and magnesia decrea.sed, while ferric oxide increased, the fluidity of 
fused calcium monosilicate ; while zinc- oxide at lirst increased and then decreased 
the fluidity. 0. Schott, and C. Zulkowsky discussed the hydration of. calcium 
metasilicate contained in portland cement. H. le Chatelier found that when mixed 
with w'ater charged with carbon dioxide, and left in an atm. of carbon dioxide, 
calcium nic^^asilicatesets to a hard mas.s; E. Landrin based on this fact an hypothesis 
on the .setting of cements. On the other hand, when finely powderoil atid left 
for several days in water, in soln. of ammonium salts, or in lime-water, the silicate 
does not change, and this is taken to show that it cannot take part in the normal 
hardening of cements. W. Suida noted that wollastonite is feebly stained by basic 
aniline dyes. H. Hanemann said that molten cast iron reduces calcium metasilicate 
to silicon. N. G. Chatterji and N. R. Dhar found that calcium silicate is not 
peptized by a cone. soln. of cane sugar. 

G. Stein 12 prepared strontiom metadiicate» SrSiOs, by melting equimolar 
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parts of strontia and silica in a carbon tube. When quickly cooled, doubly refracting 
granules are obtained ; and Vith'slow cooling prismatic crystals are formed. The 
glass was not produced — vide the orthosilicate. P. Eskola found the zone of 
stability of strontium metasilicate indicated in Fig. 69. Attempts were made to 
prepare polymorphic forms analogous with those of the calcium salt by holding 
the glass at 1020” ; by* melting with strontium chloride, and with strontium vana- 
date, but without success. F. M. Jager and H. S. van Klooster also obtained only 
one form with sodium tungstate as a flux. Strontium metasilicate furnishes one 
form which closely resembles pseudowollastonite, or jS-CaSiOa. The crystals are 
pseudohexagonal, uniaxial and positive, and the characteristic habit is tabular 
parallel to (OOOl)-face. On account of the resemblance to an isomorphism with 
jS-CaSiOa, the crystals might be suppo^d monoclinic, but decisive evidence was 
not obtained by P. Eskola, who found the* axial ratio for the presumably pseudo- 
hexagonal crystals to be a:c— 1 :0‘98. There is a fairly good basal cleavage. 
The pyramidal faces of the crystals are striated parallel to the edge with the bas^l 
plane ; and most of the Crystafs are twinned on the base. G. Stein found the 
sp. gr. of the slowly cooled salt to be 3’90, and if rapidly cooled, 3'89 ; F. M. Jager 
and H. S. van Klooster gave 3*652 at 25*174” ; and P. Eskola, 3*650 at 3074”, and 
3*653 at 2574 ”. G. Stein gave 1287” for the m.p. ; R. C. Wallace, 1529” ; F. M Jager 
and H. S. van Klooster, 1578”!!”; and P. Eskola, 1580”±4”. The indices of 
refraction of granular crystals for the F-, T1-, D-, and G-rays are respectively 
a=--l*606, 1*602, 1*599, and 1*596; * and j3=l*646, 1*641, 1*637, and 1*634. 
F. M. Jager and H. S. van Klooster gave a^l*590 and j8=l*620. W. Pukall made 
some observations on this silicate. 

0. Bourgeois made a crystalline mass of barium metasilicate, BaSiOs, by 
reheating the product obtained by melting the two constituents. G. Stein made 
crystals of the compound by a process similar to that which he employed for stron- 
tium metasilicate -yK/e barium orthosilicate. P. Eskola found the zone of stability 
of barium metasilicate indicated in Fig. 70. Crystals were obtained in the form of 
rounded globules or short rods with rounded ends having a negative elongation 
and })arallel extinction. The crystals were monoclinic, and no evidence of poly- 
morphic forms was obtained by heating at 1100°, or by fusion with' barium vanadate, 
and F. M. Jager and H. S. van Klooster obtained only one form by fusion with 
sodium tungstate. There is a well-developed cleavage parallel to ajS, and sometimes 
blue interference colours are obtained. The optic axial angles are 2i)’=50°, and 
2r~ 29”. G. Stein fwuid the sp. gr. of the cVstals is 3*77, and of the glass 3*74 ; 
F. M. Jager and H. S. van Klooste^ gave 4*435 at 25”/4° ; R. C. Wallace gave 4*44 
for the sp. gr. at 18” ; and P. Eskola, 4*399 at 4°. R. C. Wallace gave 1490” for 
the m.p.; G. Stein gave 1368*5”; P. LebcdefF, 1438”; S. Smolensky, 1470”; 
F. M. Jager and H. S. van Klooster, 1604” ±0*5”; and P. Eskola, 1604”. The 
m.p. of the metasilicates of the three alkaline earths increases regularly with 
increasing at. wt. of the metal. P. Eskola found the indices of refraction for 
the F; T1-, D-, and G-rays were respectively a=:l*682, 1*677, 1*673, and 1*669 ; 
^=1*684, 1*678, 1*674, and 1*670; and y-^l*688, 1*682, 1*678, and 1*673. The 
birefringence is very weak. F. M. Jager and H. S. van Klooster gave a=l*670 and 
y=l*667. E. Jordis, and W. Pukall made some observations on this silicate. 

The hydrated calcium silicates.— F. E. Wright found rhombic, white, or 
pale green crystals of a radiating fibrous mineral in the Velardena district, Mexico, 
which he named hillebmdita-after W. F, Hillebrand. According to E. T. Allen’s 
analysis, the composition corresponds with mouohjrdrated caidum orthosilioate, 
Ca 2 Si 04 .Ho 0 . The mineral occurs in radial fibres possibly rhombic. The sp. gr. 
is 2*692 at 25°; the hardness 5-6 ; the indices of refraction a=l*605, j3=:r612l, 
and y=l ‘612. The optic axial angle is 60”-80” ; and the crystals are optically 
negative. Water decomposes the mineral ; it is attacked by ‘hydrochloric acid ; 
and fuses to a white enamel before the blowpipe. F. W. Clarke suggested that this 
mineral may really be calcium dikydroxymetasUunUe, (CaOHljSiOs. B. von 
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Ammon treated a dil aq. soln. of calcium chloride with an excess of crystalbzed 
sodium silicate, and obtained a gelatinous precipitate' which was partially decom- 
posed by atm. carbon dioxide. The composition corresponded with a hydrated 
calcium metasilicale. W. Pukall similarly obtained a product with the competition, 
CaSi03.2*39H20. As previously indicated, the calcium silicates })repared in the 
wet way can be regarded only as arbitrarily selected stages in the progressive 
hydrolysis of the hydrated silicate, and almost pure silica can be obtaimul if the 
washing be prolqtiged. The washing of the alkali from B. von Amnion’s product 
must therefore be a serious disadvantage. K. Jordis and E. H. Kantor claim to 
have made monohydrated calcium metasilicate, OaSiOs.H^O, by boiling hydrated 
silica containing at least 23 per cent, of water, or a I'B per cent, sol of silicic acid, 
and lime-water. The product is indistinctly crystalline, A. Gages said that the 
monohydratc remaiiw as a residue wheh the dihydrated disilicak*, GaSi206.2H20, 
is treated with a soln. of potassium hydroxide. A, S. Kakle reporteil a snow-white 
earthy mineral, the hemitiihydrated calcium metasilicate, CaSiUg.^H^O, in the 
limestone of (Vestmore, Cal., and he called the mineral ciestmoreite. It may be 
an orthosilicate, HoCaSi04. jlL^O. The extinction is straight; the elongation, 
positive; the birefringence, low; the index of refraction, 1*590, or a- 1*593, 
jS -1*003, and y-^^TOOT. The sp, gr. is 2*22, and the hardrS'ss, 3. Crestmoreite is 
■ readily decomposed by acids with the separation of some of the silica as hydrogel ; 
and boiling w'ater extracts some calcium. At 2(X)'’, 3 27 per cent, of water is 
evolved, and at 10*27 })er cent. A. ,8. Eakle found a white fibrous hemi- 
hydrated calcium metasilicate, GaSiOg.jH^O, in the massive idocrase, at Crestmon*, 
Cal., and ho called it rivenddeite. The extinction is straight ; the elongation, 
positive ; the refractive iiidice.s, a 1*595, /3 TtiO, and y rt)()3 ; the sp. gr. 2*()4, 
and the hardness, 3. It is soluble in hydrochloric acid. 

J. Parry and F. E. Wright assigned to a colourless mineral from the Dut/oitapan 
Mine, Kimberley, the name afwiUite —after A. F. Williams, who discovered it in the 
mine. The analyses agree closely with 3(’a0.2Si02.3}l20, and siiKJo only a small 
proportion of the water is evolved below and all is expelled at about IKK)^, 
the water is considen'd to he an integral jiart of the mineral, and not zcolitic. They 
consider it to be. a basic orthoailicat-e, 2H2(’aSi04.Ga{()H)2 : but it may also bo 
represented as trihydrated calcium orthodisilicate, (■a3Si207.3H20. I’he mono- 
clinic prismatic crystals have the axial ratios a : : c -2 097 : 1 : *2381, and 
j3^^98® 26'. The corrosion figures with hydrochloric acid on the (OOl)-face agreo 
with the monoclinic symmetry ; th^ cleavage parallel to the ((X)l)-face is perfect, 
and that parallel to the (l(X))-face is noticeable. ^ The sp. gr. is 2*630 at 18'" ; and 
the hardness, 4. The optic axial angle 2A’- O-f' 08' for the Li-line, 96° 05' for the 
Na-line ; and 96° 18', 97° 13', and 100° 28' for the mercury lines of the respective 
wave-lengths 578/x/i, 546/a/x, and 536fi/i ; while 2F--54°40' for the Na-line, and 
55° 00' for the line of wave-length 546/u/Lt. The optical character is positive. The 
refractive indices a, p, and y are respectively 1*6148, 1*6179, and 1*6312 for the 
helium red line {668fi/Li) ; 1*6169, 1*6204, and 1*6336 for the Na-bne (589/1/1) ; and 
1*6201, 1*236, and 1*6366 for the mercury green line (546/i/i). Water has a slow 
action on the mineral, and the liquid colours red-litmus blue ; and ])henol{)hthalein, 
red. Both sulphuric and hydnx'hloric acids attack the mineral freely. 

E. Jordis obtained di^drated caldum metadlioate, CaSi03.2H20, con- 
taminated with 3 per cent, of acetic acid, by adding hydrated silica to a soln. of 
calcium acetate sat. with calcium hydroxide ; when repeatedly washed jivitb a soln, 
of potassium hydroxide, the acetic acid is removeil, and the monohydrate remains. 
Some observations on this hydrate were made by W. Heldt, E. Tischler, and others — 
vide supra, H. le Chatelier prepared a hydrated silicate by adding an excess of lime- 
water to a colloidal soln. of silicic acid. The precipitate is very voluminous, for after 
complete deposition a gram occupies 2 litres, A certain amount of this was 
suspended in almost sat. lime-water, and after settling, half the liquor was removed, 
analyzed, *and replaced by water. The operation was repeated a number of times, 
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and if a grms. represents tlie total amount of lime removed ; and h grms. the 
quantity of lime in soln. j)er litre* of liquor : 

a . . 0000 0-600 0-765 0-890 0-956 0-990 1-030 1-070 

h . . .1 000 0-610 0-270 0-140 0085 0-005 0-053 0*062 

Hence, the cone, of the soln. at first decreased very nearly proportionally with 
the vol. of water added, showing that the quantity of lime given to the liquid by 
the precipitate is nearly zero ; but when the quantity of lime in the liquor has 
fallen to 0'052 grm. per litre, the addition of fresh water no longer changes the 
lime content of the liquor. This shows that in accord with the law of mass action, 
the hydrolysis of the silicate introduces lime to the liquid. After standing 6 months, 
in contact with a sat. soln. of lime-water, tljc composition of the precipitate approxi- 
mates TTCaO.SiOo.Aq., although at the moment of precipitation the composition 
was r 3 CaO.SiO 2 .Aq. By washing the precipitatt^ until the filtrate contains a 
little more than ()-052 grm. of lune per litre, at which cone, the decomposition of 
the silicate begins, the pr*)diict contains l-lCJaO.SiO 2 .Aq. The excess of lime is 
taken to bo adsorbed calcium hydroxide ; and, allowing for this, the analysis 
corresponds with hemijpentahydrated calcium metasilicate, CaSi 03 . 2 iH 20 . 

A. Daubr^e reported the occurrence of dihy<lratod calcium motasilicate, CaSiO;,.2Hj,0, 
which he called plombimte, uh a gelatinous suspension in the waters of the thermal springs 
at Plombi^rofi. It dries to a hard mass o,n exposure to air. There is some doubt if this 
is an arccurate interpretation of the facts. F. VV. Clarke, regarding SijjOy as a soxivalent 
radicle, represents plombicrite by the formula ('a(Si 207 ) : (Ca.Sia 07 CixH,j)2H-9Hj,0. 
F, Cornu considers it to be a hydrogel, possibly of wollastonito. 

C. Doeltcr said that wollastonito is formed when the hydrated motasilicate is 
calcined between 300'^ and IKKf. B. von Ammon found that the fresh precipitate 
dissolves in water — pcrha])3 as a peptized colloid. It is dijcomposcd by hydro- 
chloric acid before or after calcination ; and if it has been strongly (-alcined, the 
separated silica is granular. The precipitate is also decomposed by carbon dioxide. 

In 1866, C. F. llammelsberg described a mineral which he named xonotllte because 
it was obtained from d’etela do Xonotla (Mexico). A similar mineral was obtamod by 
I\f. F. Heddlo from Loch Serpdon, Isle of Mull (Scotland) C. F. Karnmelsbeig’s analyses 
agree with pentitahydrated calcium metaslllcate, CaSiOa-IRoO, and lie regards the 
mineral os a transformation product of wollostonite. A. Lacroix, and Croth emphasized 
the optical and structuqil resemblance of xonotkte to okeiuto (ca/c nifta). The sp. gr. 
is 2-710-2'718; that of M. F, Heddlo’s sample was 2-05; and tlie hardness, 6J. 
E V. iShaimon found the mineral at Leesburg, Virginia, is biaxial and positive, with the 
indices of refraction a— 1-683, )9=l-683, and y— 1-695. Hydrochloric acid decomposes 
the mineral with the separation of geIatmou.s silica. The eakkite described by Pk S. Larsen 
was later shown to be identical with xouotlite. G. M. Schwartz found xonotlite nodules 
surrounded by a border of diopside. The so-called natroxonotlite. found by J. F. Williams 
in the sulpliur springs at Magnet Cove, Arkansas, is considered to be a transformation 
product of wollastonite. The analysis approximates to RSiOa.IHaO, where R represents 
0-9Ca and O'lNa. 

J. Dalton,^5 F. Kuhlmaun, and B. von Ammon obtained hydrated silicates by 
the action of strontia or strontium salts 011 a soln. of water-glass. E. Jordis and 
E. H. Ranter made monohydrated strontium metasilicate, SrSi 03 .H 20 , by boiling 
dialyzed silicic acid with strontium hydroxide, or by the action of silica hydrogel, 
with at».leagt 23 per cent, of water, on a soln. of strontium hydroxide. It is more 
stable than the calcium salt and less stable than the barium salt. The white crystalline 
powder is decomposed by boiling with water, forming an acid silicate ; and an acid 
silicate is produced by mixing strontium hydroxide with silica hydrogel containing 
less water than has just been indicated. E. W. Prevost, W. Wahl, E. Jordis, and 
B. von Ammon obtained hydrated products by the action of baryta or of barium 
salts on a soln. of water-glass. The alkab requires a prolonged washing for its 
removal. E. Jordis and E. H. Ranter prepared monohydrated l^um meta^cate. 
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BiiSi03H20, as a white crystalline powder, hy a process similar to that employed 
fot the strontium salt. 

According to H. Ic Chatelier, when a soln. of sodium silicate or colloidal silicic 
acid is treated with baryta-water, a voluminous precipitate is formed. It appears 
to be amorphous, but is probably crystalline when the crystals are too small to bo 
visible under high magnification. If allowed to stand 24 hrs., the precipitate collects 
as a thin layer of taiimlar crystals visible to the naked eye. Comparatively large 
crystals can be (^btained by allowing superposed soln. of sodium silicate and barium 
hydroxide to mix slowly by diffusion. A prolonged washing decomposes the 
crystals. At 15'^, the decomposition stops when the washing liquor has 0‘9l grin, 
of baryta per litre. The analysis agrees with hexahydrated barium metasilicate* 
BaSiOs.bH^O. Kather more water was found in some analyses, }>robably owing 
to the presence of water occluded Ijy the crystals. H. Backstrom’s analyses 
corresponded with 5H.2O ; W. Wahls and J. M. van Benimelcn’s with 
According to F. Pisani, and H. le Chatelier, the .same crystals are ]>roduced spon- 
taneously in laboratory bottles of baryta-water at the expense of tlu‘ silica of the 
glass. The crystals colh'ct on the sides of the l)otth‘. F. l^isam’s formula is wrong 
owing to an error in his calculation. J. M. van Bemmelen found that a small 
quantity of baryta converts the hydrosol into tln^ hydrogel •by which baryta is also 
absorbed. When mol. proportions of silicon dioxide and liurium hydroxide are 
taken, the crystalline h(‘xahydrate separates. K. Jordis found that a homogeneous 
jiroduct is not formed by tlie action of quartz or silica hydrate on baryta-water. 
A. Cossa and G. la Valle found that one mol. of the water of crystallization is 
retained more tenaciously than the remaining five, and, according to W. Wahl, the 
formula may be BuIl2Si()4.r)H20, analogous with diojituse, ('ull2l^i04. The 
dehydrated product can reab.sorb some wat<;r. The crystals were found by 
J. M. van Bemnirlen to be rhombic bipyraniiils with axial ratios, according to 
H. le (’Imtelier, of M72:3:l : () ()r)28. The double refraction is weak. 

The heat of formation from di.ssolved baryta and grlalinous silica is 4 cals. The 
salt is (lecoiiiposcd by water ; J. M. van Bemmelen said that 100 parts of water 
at Ib*^ dissolve U*17 part of the hexahydrate. Washing with hot water removes 
virtually all the barium. The salt is decomposed lij’^ carbon dioxide. 

The mineral okenite, discovered by A. Breithaupt,^® was considered by 
('. F. Rammi'lsberg to be dihydrated calcium me^bdisilicate, CaRii^Os. 21120. 
It may he monohydrated calcium metasilicate, ('aSi.,!)^ JLO- Doelter regarded 
it as a solid soln. of calcium meta.siflcate and silicic acid, (iiaSi()3.Si0(0Il)2-wH20. 
Analyses of okamite were reported by F. von^Kobell, J. Lemberg, A. Connell, 
P. A. Dufreiioy, E. E. Schmid, S. Meuni<*r, f. L. Walker, J. T. Wiirth, C. von 
Hauer, 0. B. Bdggild, S. Haughton, L. I)Hra[)sky, etc. It occurs on the island 
of Hisko in Greenland ; at Poonah in India ; near Bio Putagan in Chili, etc. 
A sample from Faroe Islands was called {hjachmie- ditliciilt ; KAar, to break 
-~by A. Connell; and one from Bordoe, Faroe Islands, was called hurditc by 
P. A. Dufrenoy. C. Hoelter obtained it by heating in a sealed tube to about 
200"^, a mixture of calcium oxide or silicate, silicic acid, and carbonic acid. 
A. de Schulten obtained a product, which he likened to okenite, by lieating the 
precipitate obtained by adding lime-water to a cone. soln. of potassium Hilicat<‘. in 
a glass tube at 180°- 220° for 24 hrs. The analysis, liowever, showed too little 
calcium oxide, too much silica, and 5'5 per amt. of alkalies derived in part from 
the glass containing vessel. E. Jordis also described the synthesis of.amfiirphous 
okenite. W. Pukall obtained a similar product, CaSi206.2jH20, by the action of 
calcium chloride on a soln. of potassium disiheaBi. A. S. Eakle and A. F. Rogers 
described the alteration of wiikeite to okenite. F. W. Clarke represented the 
formula, of okenite : 
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The mineral occurs as a white fibrous or compact aggregate of needle-like crystals 
belonging, said A. Breithaupt, to the rhombic system. 0. B. Boggild assign^ 
the mineral to the triclinic system, and gave for the axial angles a=122° 64', 
^=67° 46', and y=50° 10'; and 2’326-2’332 for sp. gr. of the crystals, and 
2'325 2-323 for the sp. gr. of the aggregates. A. Breithaupt gave 2-5 for the 
sp. gr. ; A. Connell, 2-3()2 ; P, A. Dufrenoy, 2-33 ; and E. E. Schmid, 2*324. 
S. Meunier found the sp. gr. to be 1-75 when the mineral* was dried at 110®. 
A. Breithaupt gave 4-5 for the degree of hardness. C. Doelter.said that when 
melted and slowly cooled pseudowollastonite is obtained, hence his hypothesis for 
the constitution of okenite ; E. E. Schmid that okenito lost 2 per cent, of water 
when confined over cone, sulphuric acid ; and on heating the mineral, 2-55 per 
cent, was lost at 100® ; 12'95 per cent, was lo.st when the mineral sintered ; and 
13'97 {)er cent, when tlio mineral fused. G.* Tammann measured the vap. press, of 
okenite in equilibrium with atm. containing water vap. at the vap. press, p mm. ; 
the vap. press, of the mineral changes continuously. Thus, at 19® : 

Wator . O-On 0-84 1-02 1-29 1-67 2 10 2-06 3*21 3-56 per cent. 

P . . ir)-72 14-65 12-48 9-11 OOS 123 039 011 — 

As a rule, if definite h^'drates are formed there are abrupt changes in the con- 

tinuity of the curve ; usually also hydration and deliydration are reversible ; here, 
if the vap. press, falls below 1 mm., the rehydration does not reach its original value. 
0. B. Boggild classed okenite as a fibrous zeolite. A. Michel L4vy and A. Lacroix 
gave for the index of refraction, l-f)56 ; and for the positive birefringence, 
y-a— 0*0091. 0. B. Boggild gave a=]*530, and y— 1*541, for the indices of 

refraction, and he found the extinction with single crystals is parallel, and with 
aggregates, it is oblique up to 34®. The values a-'l*512, ^-1*514, and y=l*515 
have been reported. Tlui optic axial angle is large ; and the optical character 
negative. When okenite is heated, wafer is given off, and tlie mineral becomes 
opaque ; it fitially melts with frothing to an opaque enamel. Hydrochloric acid 
decomposes the mineral with the separation of gelatinous silica. J. Lemberg 
studied the replacement of the calcium oxide in okenite by the action of a 10 per 
cent. soln. of potassium or sodium hydroxide, and by a soln. of sodium silicate at 
KK)®. Between 9 and 10 per cent, of sodium oxide was introduced, and a little 
potassium oxide. Most of the calcium was replaced by magnesium when the 
okenite was digested for 15 days at 100® with a soln. of magnesium chloride. 

There are a number tof other jll-tlefinetl hydVatod calcium silicates which occur as 
minerals. The moan of the number of analyses indicated in brackets is given in Table XV. 

I hey contain alkalies, magnasia, alufnma, ami iron oxides in quantities small enough to 
represent impurities, H. How reported the occurrence of thin white plates of what he 
called centrallwta'ite in the trap-rock of Bay of Fundy, Nova Scotia. W. F. Foshag repre- 
sented it by the fonnula 4Ca0.7Si(),.r>H,0 ; and H. How, 2CaO.3SiOg.2HjO. The 
sp. gr. is 2 -45-2 '46 ; W. F. Foshag gave 2-61 ; hardne.ss 2J-4 ; and indices of refraction, 
o~l*536, ^ = 1-648, and 7 — 1-649. With hydrochloric acid no gelatinous silica is formed. 
The mineral called cyanolite was found in the same locality. The amygdaloid nodules 
contained an inner bluish moss of cyanolite, a thin outer layer wliich H. How named 
cerirM<e, and an intermediate layer of centrallassite. Cyanolite forms a bluish-white 
amorphous moM of sp. gr. 2 496, which J, D. Dana suggested is a mixture of chalcedony 
and oentrkllassite. M. F. Heddle reported a compact, fine-grained, reddish- white mineral 
which he found near Tobermory, Isle of Mull, and which he called tobermorUe. Its sp. gr. 
is 2-423. M. F. Heddle represented its composition by 3(4CaO.HaO).5SiO,.10H,5 ; 
and P. Groth, by H,Cn«(SiOj)j.3H,0. G. vora Rath found white hexagonal crystals of 
a mineral which lie coll^ c}mlcorrwrj>hUf, in the lava of Nieder-Mendig. The axial ratio 
was a: c=*l : 1-90914 ; the sp. gr. 2-61-2-67 ; and the hardness 6. When treated with 
hydrochloric acid, it forms gelatinous silica. 

T. Anderson found concretions of a radiating lamellar structure near Portree, Isle of 
Skye, and he called the mineral guroUte — yvpot, roimd ; and M$os, a stone — W. H. Miller 
called it gyroUte. H. How also reported specimens from Port George, Nova Scotia ; 
F. W. Clarke, and W . T. Schaller, from New Almaden and Fort Point, California ; E. Hussak, 
from Mogy Quassa, Brazil ; F. Cornu .from Poonah, India ; F. N. A. Fleischmann, from 
Legoniel, Collinard, and Ballyhenry in County Antrim ; etc. Other observations were 
made by R. P. Greg and W. G. LetUom, M. F. Heddle, A. Lacroix, G. A. Kenngott, and 
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L. Saamwn. Aiwlysea were also made by these observers. They are summarised by the 
form^ ^a0.3Si0|^3H,0, or 2Ca0.3Si0,.2H,0, corresponding with dlhydrated ealolum 
meMtrlstUeate, Ca,Si30,.2H,0 ; or ealelum tetrahydrometatrisllleate, CajHiSiaO,,. 
F. Cornu gave the formula 4Ca0.6{H.K.Na),0.6Si03 ; E. S. Dana, ealoium dIhydro- 
mrn^UiMta, H,Ca,(Si0a)3.H,0; and F. W. Clarke, H^ISijOdiCalSiaOjlCaH,),. 

E. Daur obtained a silicate analogous to gyrolite by heating in an autoclave at 430 , 
mixtures of water-gla^, potassium or Ho<lium aluminate, calcium carbonate, potassium 
hydro^bonato, and silica. F. Cornu's experiments in this direction were not successful. 
Acco^ng to O. B. B^ggild, the crystals of the gyrolite belong to the trigonal system, 
and have the axi^l ratio a : 6=1 : l‘93(iO. F. Cornu foimd the sp. gr. of samples from 
Bohemia to range from 2-343-2‘308; from Crconland, from 2-388- 2 422; and one 
from Brazil, 2-420. 0. B. BOggild found the sp. gr. of samples from Greenland rongeil 
from 2*383-2-446. The hardness is between 3 and 4. The mineral is colourless or white, 
It is optically uniaxial or feebly biaxial. Tlie cleavage is well markeil. When heatetl, it 
fuses with swelling and forms a white glass. F. Cornu found the index of refraction of a 
number of samples, the ordinary ray to b% between 1-445 and 1-648. and E. Baur gave 
ca=a 1-629, e = 1*623; so that the double refraction is a>-€--0 006. J. Ktinigsherger and 
W. J. Muller also measured tlie indices of refraction ; and they found that the mineral 
has a higher refractive index and a feebler biivfrmgcnce after it has l>ecn dehydrated. 

F, Cornu said gyrolite is readily soluble in dil. hydrochloric, rtitnc, or sulphuric acid ; ontl 
that it gives a well-marked alkaline reaction when moistenecl uith water. F. (.'omu 
sepamted from gyrolite from Niakomat, Greenland, another mineral wliioh was called 
reyente. The composition is indicated in 'J'ablo XV. The cryi^al fonn, hardness, solu- 

TxatE XV.— An.^lyses of Some Natural Hyuiutkd Calcium SrucATKs. 


Centralldssito (3) 
Cyauolite (2) . 
Tol>en norite (2) 
Clmlcomorphife (1) 

Gyrolite (II) . 
Heyerite (2) 
Afwillite 
Hillehranditc . 
Crestmoreito . 
Kiversideite . 
Okenite . 

Xenothte 


^ KjO 

Na,0 

CaO 

MfO 

AI ,03 

FeO 

Fe.O, 

sio, 

H,0 

0 67 


29-12 

0-16 

1 -49 



67-48 

1 1 -47 

i 0-57 

— 

17-85 

-- 

1-04 

... 

— 

73-33 

7-15 

1 1*01 

0-62 

33-69 

0-47 

3 15 

1-46 

0-90 

46-56 

12-36 

1 


44-70 

— 

4 <»0 


- 

26-4 

16-40 









(some C 

1 19 

0 62 

31 69 

0 13 

1-34 



32-19 

13-42 

-- 

1*74 

31-17 


4 15 



54-07 

7-43 

— 

— 

49 00 

0 02 

0-05 


— 

35-10 

15-82 

0-05 

0-03 

57 76 ' 

0 04 

0 23 

— 

0-16 

32-59 

9 36 

— 

-- 

42-71 

— 


— 1 

— 

36-12 

14-98 


— 

44-58 


-- 

— 1 

- 

41-26 

8-11 

— 

1-04 

25-14 

— 

0 67 

1 

- 

50-92 

14 19 

j 


43 65 

0-74 


2 -42 1 

— 

47-91 

3-76 


bility, and Ixihaviour when heatod reseifible those of gyrolite. 'iilie sp, gr. was found by 
F. Cornu to be 2 "499 -2 ’678, and by 0. B. Bi'iggild, 2 578 — values rather higher than those 
for gyrolite. F. Cornu’s value for the index of rcfAt^ion is w 1 "564 ; and (). B. HOggild 
gave aj — I ‘5645, < - 1 -6590 — which arc rather higher than for gyrolite. Boyerito is uniaxial, 
and optically positive. A. Felikan "* referreil to a mineral occurring at Gross- Friossen, 
Bohemia, etc., which he called zeophylhte. It furnishes white or colourless crystals with the 
composition Si()„ 37 -(w per cent, ; CaO, 46 82 ; H,(). 7-52 ; and F, 7 99. The crystals 
are rhombohedral with the basal cleavage perfect F. Cornu studiwl tbe corrosion figures. 
A. Himmelbauer give to - 1-565 for the refractive index; and F. Cornu, 1 ‘545. The 
optic axial angle is 2«=27J° The sp. gr, is 2*764, and the hardness 3. A. 8. Eakle 
described a mineral from Crestmore, Califoniia, which ho called fotihcnjiie — after 
W. F. Foshag. Its composition corresponds with ealolum dlbydrotrlorthoSiUoftte, 
HaCa|(Si04), ; its sp. gr. is 2 36; its indices of refraction a~j8=l-594, and y- r-698; and 
it is optically positive. 

P. Eskola 1® found the barium mesoduilicate, Ba0.2Si02, or BaSigOs, is formed 
within the zone indicated in Fig. 69. The crystals were reported by N. L^ Bowen 
to occur in baryta crown glass. The glass, Ba0-2Si02, kept at 1385°, gave rhombic 
ciystals of tabular habit parallel to a/3. The cleavages are well marked in all the 
pinacoidal directions. The optic axial angle 2F=74° 45' ; the sp. gr. was 3'73 ; 
the m.p. 1420° ±4°; and the indices of refraction for the D-line are a— 1-597, 
^=1*612, and y— 1*621 . The small differences in the properties of the mesodisilicate 
prepared from its constituents from that formed in baryta -crown-glass are possibly 
due to the latter holding a little alkali disilicate in sobd soln. There was 
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no evidence of barium mesodisilicate holding alkali silicate in solid soln. ; but 
it forms a well-defined series (Jf solid soln., with the bEriom mesotrisilicat6» 
Ba2Si308, which was formed in granular rounded masses. The rhombic crystals 
are perfectly isomorphous wuth those of the mesodisilicate with which it forms a 
complete series of solid soln. It is unusual to find two compounds of the same 
element, so different in constitution, furnishing so complete and perfect an isomor- 
phous series. The twinning is well marked. The cleavage is ^lerfect along j3y, and 
poor along ajS, and ay. The optic axial angle 2 V —53® 30' to 58®. The sp. gr. is 
393 ; the m.p. 1450® ; the indices of refraction for the D-line are a=l'620, j8— '1‘625, 
and y— 1*645. The optical character is positive. ?. Eskola found no evidence of 
the corresponding strontium compounds. G. A. Rankin and co-workers prepared 
calcium orthodisilicate, Ca3Si207, in colourless crystals belonging to the rhombic 
system - vide Figs. 71, and 60. The crystals are best obtained by holding the 
glass with 54*5-55*5 per cent, of lime at a temp, slightly lower than 1475®. 
G. V. Wilson obtained these crystals in the actions of glass on limestone. Calcium 
orihodisilicaie exhibits an* incongruent m.p. at 1475® ±5®. The refractive indices 
are 1*641, and y— 1*650 ±0*(X)2 for Na-light. The birefringence is weak, 
y-a being about 0 01 ; the optic axial angle is large, and the optical character 
positive. * 

According to E. Martin, when the silicic acid, 5xSi02.2}l20, derived from silicic 
acetate is treated with lime-wat(T, klrahydrated cahium tetreropentasilicate, 
Ca2Si5()i2.4H20, is formed ; and if the cilicic acid, 5Si02.H20, derived from calcium 
silicate is similarly treated, trihydraled calcium tetirropentasilicate, Ca2Si50i2.3H20, 
is formed. When this silicate is ig?iited, calcium tetreropentasilicate, Ca2Si50i2, 
is produced. For E. Martin’s pentasilicates lOCaO.bSiOo, i.e. (Ca2Si04)5 ; 
(Ca2Si04)5.2H20 ; and 13Ca0.5Si02, vide cements. 

H. le Chatelier melted a molar mixture of on<‘, of silica, two of calcium oxide, 
and four of calcium chloride at a dark red heat, and extracted the excess of calcium 
chloride by dried alcohol. Analyses correspond with calcium cblororthosilicate» 
Ca2Si04.CaCl2. A. Gorgeu obtained the same substance by fusing a mixture of 
silica ami calcium chloride in the presence of water vap. E. Jordis and 
E. H. Kanter studied th<^ reaction between calcium chloride lime-water and 
silica. The microscopic crystals of calcium chlororthosilicate belong to the rhombic 
system ; they have the axial ratios a:h: c---0*726 : 10*287. They exhibit a strong 
double refraction ; the ch'avage is W(*ll defined ; and the optic axial angle is 25®. 
The sp. gr. is 2*77 ; tki m.p. near 800® ; ana the mol. ht. of soln. in hydrochloric 
acid is 36 cals. The salt is decon’posed by a soln. of carbon dioxide, and dissolved 
by dil. acids. It is also decomposed superficially by water : Ca2Si04.CaCl2-f H2O 
— 3Ca0.Si02-f-2HCl, followed by the hydration of 3Ca0.Si02 as indicated above. 
A. Gorgeu obtained crystals of calcium chlorometasilicate, CaSiOs.CaCla, along 
with those of the chlororthosilicate by the reaction just indicated. It forms 
regular hexagonal plates ; the two optic axes approach very closely to one another. 
The chemical characters of the chlorometasilicate are like those of the chlorortho- 
silicate, but the former is insoluble in a 5 per cent. soln. of acetic acid 

According to B. Karaudih'ff, the eutectic point in mixtures of calcium meta- 
silicate and calcium chloride lies close to the m.p. of calcium chloride, and 8® below 
it. Solid soln. may be formed up to 10 mols. per cent. CaCl2. There is no evidence 
of the formation of additive compounds. A. Woloskoff found that the system 
BaSi03-Be.Cl2 forms a eutectic with the m.p. 902° when the m.p. of barium 
chloride is 968®. The eutectic has 8 molar per cent, of barium metasilicate. In 
the system BaSiOs-BaS, there is a eutectic with 25 molar per cent, of barium 
sulphide at 1325°. Barium sulphide alone does not melt, and with the mixture 
BaSiOs-FeS, there is a liquation of ferrous sulphide, until 10 molar per cent, of 
ferrous sulphide remains in the barium metasiheate. 

The ccdcium phosphatosilicates have been treated in connection with calcium 
phosphate. F, E. Wright 22 obtained a mineral from Velardena, Mexico, which 



SILICON 


365 


was named spurrite Ahei J. E. Spurr; the analyses correspond with oaloiom 
carbonatodiorthosilicate, 2Ca2Si04.CaC03. F. W. Clarke represents it constitu- 
tionally : 




■SiOi—Ca 


The sp. gr. is 3 014 at 25° ; the hardness 7 ; the refractive indices a=l'640, 
j8=l‘674, y— 1-679 ^ith sodium light ; the double refraction y-a^0 039, and 
j8-a— 0 034. It is deconflposed by hydrochloric acid with the separation of 
gelatinous silica. For the .synthesis of spurrite, rule infra, W. Eitel on the action 
of calcite on nephelite. 

The analyses by A. E. NordenskjOld, aiuKI. Liiulstroin, ot a libroiia chalk-white mineral 
found in the Ejolko mine near Aareskuta, Swi^len, con'espoiut with tetrndeculiydrated 
calcium sulpluUorarhoiiatomeJfmliratc, CaSiOj C’aS<)4.C‘aC'05.i3-ir>H|() ; and it was named 
llMumasitc — from to be surpriswl- m allusion to its remarkable eomposition. 

It has also been found in New Jersey, and m Utah Analyses were also roporttni by 
0. Widman, E Pisani, Jt. P. J). (Jraham, S. L. IVntield anU .1. H. Pratt, H. JhiekstrOm, 
and li. S. Putler and ^V^ T. Schuller. The mineral is either hexagonal or tetragonal. 
The sp. gr. is between 1 '870 and 1 '877, and the hanhioss 1 'ri-JPG. The soft mineral hanlens 
on exposui-e to air. 1''. Zambonini found that 13 riiols of water art^ lost at 112“ ; another 
mol at 158 -ItiO ' ; and the la.st mol ks driven off at 200', S, L.*Pentiold found that at 

112 ® 205 ® 


Hours' heating . . .17 71 478 5 280 1000 

Percentage loss of water II '50 KP4I 14 00 11 '22 19 18 21 '55 

H. E. Morwiii emphasr/(>d how 14 of the 15 inols of water are expelled more nnwlily than the 
remaining mol Thert> is a ilistinet prismatic cleavage. The indices of refraction deter- 
mined by E. Hertrand, A. Alichcl-Ia*vy and A Lacroix, H. BiickstrOin, oto., range from 
H. S. Butler and V\’. T. Schaller’s (jj= 1-50(», e =1*401, to S. L, J’enfield and J. H. Pratt’s 
01= 1'519, e--l'470 'I’he double refraction is high 'I’he mineral is optically uniaxial 
and nogativi' (J. InndstrOm said that the material analNml was homogeneous under 
the microscope ; this w'as confirmed by E Cohen. E, Bertrand said he identified calcite, 
gypsum, and a third mineral, probably wollastornte, m thaumasite, hiaice he mgards it 
08 a mixture. A E. Nordenskjold said that E. Bertrand's sample was very impure. 

E, Kaminelsberg represented tliauinasite as a double salt, (CaCOi.CaSiOs) pCttHOi 
-f 15J£2(). P (Jroth ri'prosented the composition graphically: 


HO.CaOs 


>Si< 


O.CO.O.CaOH 

O.SO,.O.UaOH 


-fiaii^o 


E E. Holden's measurement of the nJractiMty tits the assumption that it contains two 
hydroxyl groups. A hydrogel form i8 ^nowii. and C. Doelter and E. Cornu consider that 
thaumasite is an adsorption product m which ® 

a hydrogel like plombi^rite, CnSiOj.nHjO, has 
adsorbed calcium carbonate and 8ul[)hatc. 

Complex alkaline earth silicates.— 

A. Haacko,23 and K. Hchwarz studied the 
binary system Li4Si04-Ca2Si04, and the 
f.p. curves are shown in Fig. 75. It 
appears as if two lithium calcium ortho- 
silicates were formed, 2Li4Si04.3Ca2Si04, 
and 3Li4Si04.2Ca2Si04, with the respective 
m.p. 1104° and 1092°. He added that it is 
probable that the compound Li4Ca2(Si04)2, 
or Li2CaSi04, is formed, but decomposed at 
the higher temp, into the 2:3 and 3 : 2 
silicates. This assumption agrees with the 
breaks in the cooling curves, with the 
microscopic appearance of lections of 
the cooled products, and with the sp. gr. which are : 

20 30 40 

2-423 2-424 2-691 



Fia. 76, — Binary System ; 
LiiSiOt-OBjSiOi. 


Ca,Si04 
8p. gr. 


0 

2-280 


10 

2-400 


60 

2 '847 


60 100 per cent. 

2-566 2*970 
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R. C, Wallace studied the thermal diagram of mixtures of calcium and 
lithium metasilicatcs ; and the ‘results are summarized in Fig. 75. There is 
a gap in the miscibility roughly from 27-83 per cent, calcium metasilicate ; and 
with from 40-80 per cent, calcium metasilicate there is a eutectic crystallization 
effect at 979'^. The eutectic contains 50 per cent, calcium metasilicate. The 
sp, gr., mol. vol, and the f.p, represented by the temp, at which crystallization 
begins, are, for different percentages by weight of calcium mjetasilicate : 

CaSiO, .. 0 10 30 60 60 70 80 90 100 

Sp. gr. . . 2-61 2-64 2-72 2 80 2 80 2 84 2-85 2-88 2*91 

Mol. vol. . 34-64 34-87 35 62 36 36 37 30 37 74 38 62 39 30 40 00 

. . . 1168'^ 1147“ 1083“ 979“ 1056“ 1214“ 1262“ 1316“ 1502“ 

C. J . Peddle studied the glasses with Si02-Ca0-Na20 ; with Si02-Ca0~K20 ; 
with Si02-Ca()-K20-Na20 ; and with Si02-Ba0-K20 or NagO. R. C. Wallace’s 
f.p. diagram for mixtures of sodium and calcium metasilicates, Fig. 76, has a 



Flu. 76.--Fr(wzing-point (Mrvos of Binary Mixtures of Calcium 
Mctasilicttte with Lithium and Sodium Metasiheates. 


maximum at 1175^ corresponding with sodium tricalcium pentametasilicate* 
2Na2Si0g.3CaSi03. N. V. Kultaschoff gave llGff for the m.p. The f.p. are : 

CaSiO, . . 0 20 30 50 68-8 65 75 85 100 

F.p. . . . 1018“ 932“ 1024“ 1143“ 1175“ 1166“ 1140“ 1449“ 1602“ 

N. V. Kultascheff also investigated the f.p. curves of sodium and potassium meta- 
silicates, and he isolated the compound 2Na2Si0;}.3CaSi03 in monoclinic twin 
crystals. He obtained^ mixed crystals of soiium dicalcium pentametasilicate, 
3Na2Si03.2Ca8i03, with another silicate. The latter was removed by boiling with 
water. ’ 

F. von Kobell found a fibrous mineral at Mount Baldo in Tyrol and named it 
pectolite— 7n/KTo?, composed of pieces firmly joined together, A.i6los, a stone — in 
reference to its structure. A. Breithaupt called a similar mineral j)hotoliie — 
light, in reference to its phosphorescent qualities ; and another mineral from 
Wolfstein, Bavaria, he called osrnelite — ocrfiij, smell — in reference to its odour when 
breathed upon. J. Adam showed that osrnelite and pectolite are the same minerals, 
although E. Riegel maintained that they are different. F. von Kobell, however, said 
that E. Riegel must have had some other mineral in hand. T. Thomson described 
a mineral stellite which occurs in radiant aggregates at Kilsyth, Stirlingshire, and 
R. P. Greg and W. G. Lettaom considered it to be natrolite, but J. D. Dana showed 
that th^ stillite from Bergen Hill, New Jersey, is pectolite. T. Thomson’s soda 
table-s^r is probably pectolite. The tmlkerite of M. F. Heddle, from Costorphine 
Hills, is probably pectolite. The ralholite of R. P. Greg and W. G. Lottsom 
from Ratho Quarry and Castle Rock, near Edinburgh, is probably pectolite. 
J. F. Williams reported a nmiganopectolite from Arkansas with 4 per cent. MnO. 

The occurrence of the mineral in Tyrol has been diBoussed by G. A. Kenngott, L. Liebener 
and J. Vorhauser, J. R. Blum, V. von Zepharovich, A. Cathrein, J. Lemberg, and F. von 
Kobell ; in Silesia, by M. Websky, B. Schubert, and A. von Lasaubr ; in Scotland, by 
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M. F. Heddle, R. Jameioo, A. J. Soott, T. Thomron. etc. ; in Sweden, by J, L. IgelstrOra ; 
in Canada, by O. C. Hoffmann ; in Greenland, by O. B. BOggild, and A. H. Chester ; in 
the United States, by V. M. Goldschmidt, J. D. Dai^ A. dee Cloizeaux, J, P. Williams, 
E. P. Smith and E. B. Knorr, F. W. Clarke, J. D. Whitney, A, Leeds, etc. Analyses have 
been made by F. von Kobeil, J. Lemberg, A. Breithaupt, M. F. Heddle, R. S. Houghton, 
J. Young, A. L. Parsons, J. L. IgelstrOm, J. D. Wliitney, P'. W. Clarke and G. Steiger, 
P*. W. Clarke, A. S. Eakle, E. P’. Smith and E. B. Knorr, L. C. Beck, A. B. Meyer, 
0. B. BOggild, E. Reuning, J. P’, Williams, etc. According to J. J. Berzelius, some 
specimens contain huofine. 

The older aaalyses were found by 0. F. Raminelsberg to give a ratio Na ; Ca 
~1 : 1*9 to 1 : 2*4 ; and Na20 : Si02=l : 3 to 1 : 5*7. More recent analyses by 

G. Tschermak gave Na : Ca : Si— 1 ; 1‘9 : 31, and by F. W. Clarke, 1:21: 3*1. 
This is in agreement with the formula NaCa2H8i3()o--Sodium calcium hydrO' 
trimetasilicate, G. A. Keimgott, and P. Groth assumed that the contained water 
is constitutional. C. Doelter found a sample lost 4 09 per cent, of water when 
strongly heated ; while the fresh powder for 14 days over sulplmric acid lost 
0*405 per cent. ; at 100'\ 0*09 per cent. ; at 200'', O ltS per cent. ; and at 300°, 
0*959 per cent. P. A. Bolley, and A. von Schulten obtained substances resembling 
pectolite in composition by adding lime-water to a soln. of sodium silicate. J. N . von 
Fuchs, and C. G. C. Bischof treated calcium carbonate v^th sodium silicate and 
obtained a pectolitic substance. J. Lemberg obtained similar re.sult8 by the action 
of octohydrated sodium metasilicate on datolite, or wollastonite, or gypsum, or 
calcium carbonate for 78-100 hrs. at J90f-200°. J. J^emberg also obtained an 
analogous product by the action of a soln. of calcium chloride on sodium silicate. 
C. Doelter also obtained a pectolite product by heating a mixture of silica, sodium 
carbonate, and lime in the pro}>ortions required for Na2CaSi2()(j. C. Doelier’s 
product doea not appear ou the thermal diagram, F'ig. 75. E. Baur succeeded in 
the synthesis of substances with the optical properties of pectolite in ncedle-like 
crystals, by heating to 400°*-450°, mixtures of silica, alumina, soda, lime, and 
water. He also obtained poUish-pectolUe by substituting potash for soda. 
J. Ijcmberg converted okcnitc (q.v.) into pectolite by the action of sodium silicate, 

H. Rosenbuch and E. Wulfing, J. lAunberg, F. Cornu, and E. Baur have discussed 
the formation of pectolite in nature. 

Observations on the crystals of pectolite were made by A. Arzruri, R. P. Greg and 
W. 0. Lettsoin, A, des Cloizeaux, P. Groth, C. F. RaJnmelsberg, A, L. l^arsons, 
G. A. Kenngott, J. F. Williams, A. Michel-Jievy and A. Lacroix, M. P’. Heddle, 
etc, J. D. Dana showed that pectdlitc is a monoclinic mineral with axial ratios 
a:b: c=l*1141 : 1 : 0*9864 and jS— 84° 10'. A.,Breithaupt gave 2*799-2*833 for 
the sp. gr. ; M. Heddle gave 2*712-2*tfel ; V. M. Goldschmidt, 2*880 ; 
J. F. Williams, 2*845 ; F. W. Clarke, 2*873 ; and A. B. Meyer, 2*85 -2*86. The 
hardness is about 5. A. Michel-L(^vy and A. Lacroix gave 1*61 for the mean 
refractive index ; 0*038 for the dispersion ; and 15° for the optic axial angle. 
W. W. Coblentz observed no bands near to those of water in the ultra-red trans- 
mission spectrum of pectolite ; the reflection 8|)ectrum has maxima at 9*4/x, 10*3ja, 
and 10*8 /a. The mineral is triboluminescent and it phosphoresces when exposed to 
radium. F. W. Clarke found that water in contact vrith pectolite acquires an 
alkaline reaction. G. Steiger found that after a month’s contact with the mineral 
from Bergen Hill, water contained 0*57 per cent, of Na20. Uncalcined powdered 
pectolite was found by F. W, Clarke and G. Steiger to give to water 2*98 per cent, 
of silica, 0*30 per cent, of CaO, and 0*81 per cent, of Na20, after 14 his.’ boiling ; 
whereas with calcined powdered pectolite, after 4 hours’ action, 3*03 per cent, silica, 
0*10 per cent. CaO, and 1*50 per cent. Na20 were dissolved. Hence they concluded 
that the action of water is not one of simple dissolution. F. W. Clarke and 
G. Steiger found that in contact with ammonium chloride, pectolite gives a product 
R'2Ca2Si80ft.6H20, where R' is approximately two-thirds NH4, and one-third 
sodium. This makes it appear as if an ammonia-pedolite was formed. They also 
found that a soln. of 250 grms. of sodium carbonate in a litre of water extracts 
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8*68 per cent, of silica, or one-sixth the total amount from pectolite dehydrated 
by calcination. This is taken to’indicate that the mineral is an acid metasilicate, 
HNaCa2Si309. Before ignition, sodium carbonate soln., or even distilled water, 
has a slow decomposing action, both silica and bases being withdrawn. J. Roth 
discussed the transformation of pectolite into talc ; and J. Lemberg effected the 
transformation of wollastonite into a substance resembling spadaite, H8Mg3Si0O2i, 
by the prolonged action of soln. of magnesium chloride or sulphate. G. Steiger 
heated a mixture of powdered pectolite and silver nitrate in a sealed tube for 
22 hrs. at 24()°-280'", and obtained a kind of silver-pedolite. 

In 1784, C. Rinnian^* described the occurrence of a zeolite at Hallcsta, Sweden, 
and C. C. von Leonhard referred to it as the zeoli^hus lamellaris of J. Muller. 
M. F. R. d’Andrada designated a specimen from Uto, Sweden, as ichlhyopJuhahnite-- 
from fish ; ocfiOuKfuk, eye -in reference to the mother-of-pearl lustre. 

A. G. Werner called it Fiscfuwjenstein. In 1801, R. J. Haiiy referred to a sample 
from Iceland as mesolype epointec. J. N. von Fuchs and C. Gehlen showed the 
identity of the mineral with apopliyllite. In 1805, R. J. Haiiy called it apophyllite 
— -uTTo, away from ; <^i-AAov, a leaf — in allusion to its tendency to exfoliate before 
the blowpipe flame. A. G. Werner investigated samples from Orawieza, Aussig, 
and the Faroe Islands, and he called the mineral albin—alhus, white, D, Brewster 
called a white specimen from the Faroe Islands tessekte, because it liad a tesselated 
structure in polarized light. D. Brewster called a pale green specimen found in 
petrified wood at the Oxhaver Springs/ Husavisk, Iceland, oxhaverite. It was also 
investigated by E. Turner, and A. des Cloizeaux. G. S. von Waltershausen called 
an olive-green sample from Sicily, xylochlore -from wood ; xA^pos, green. 
Both minerals were shown by G. A. Kenngott to be apojihyllites. Specimens from 
Skye, Andreasberg, etc., showing alternate white and violet-black rings in polarized 
liglit were called by J. F. W. llerschel lemocyclite -kv<Kik, white ; k<'kAo5, circle— 
and ckromocyclile -xp^'pa, colour--by W. Klein. The mineral louisife, FaSi307.2H20, 
reported by D. Honeymann, was named after H. Louis. It was shown "by 
T. L. Walker and A. L. Farsons to be a mixture of radiating (piartz and cleavable 
apophyllite. 

The apophyllite in various German provnices has been described by K. Ikisz, G. Cesaro, 
A. des Cloizeaux, C. Doelter, A. Ki-on/.el, J. I’rommc, G. Greim, C. W. von Gurobel, 
J. F. L. Hausmann, G. A. Kenngott, A. Knop, A. Koch, A. vorv Lasaidx, J. E. Hibsch, 

G. Loonliard, (). fiuotlecko, C. F. I'oteis, II. rohhg, C. F. Kanimelsberg, F. A. Kocmer, 
J. Rumpf, F. Sundbor^ir. J- Schill, A. 8chrau^, H. Stblting, A. Strong, H. Traube, 
M. Wobsky, E. VVoinsononk, A. Weisbuch, A. von Zepbarovich, G. Zimmerrnann, etc. 
In the Tyrois, by K. Ikischiori, 0. G. G Ikschof, J. K. Blum, A. des Cloizeaux, J. D. Dana, 

H. Dauber, C. Doelter and E. Matt-eisdorf, C. Gelden, G. A. Kenngott, J. Lemberg, 
L. Liebenor and J. Vorhauser, 0. Lucdecko, A. Fielder, F. von Richtliofou, J. Rumpf, 
A. Schrauf, G. Tschonnak, etc. In Switzerland, by P. Groth, and G. A. Kenngott. in 
Russia, by P. P. I’ibpenko. In Italy, by E. Artini, L. Colomba, G. Leonhard, E. Manasae, 
L. MeHohinolli and A. Baleafra, .f. itumpf, L. Sipocz, S. J. Tliugutt, D. F. Wiser, etc. In 
France, by A. Daubr6e, A. Dufn^noy, F. Gonnard, etc. In Groat Britain, by R. P. Greg 
and W. G. Lettsora. In Norway and Sweden, by J. J. Berzelius, W. C. Brbgger, C. Gmolin, 
G. Hallberg, A. Hennig, L. J. IgelstrOra, G. Leonhard, C. C. von Leonhard, C. F. Ramraels- 
berg, C. Rinman, G. Soligmann, P. G. Weibye, etc. In the FarOo Islands, by J. J. Berzelius, 
D. Brewfeter, G. Leonhard, J. Rumpf. etc. In Iceland, by D. Brewster, P. Groth, 

G. A. Kenngott, 0. Leonhard, E. Tumor, G. S. von Waltershausen, etc. In Greenland, 
by 0. Gmelin, G. Leonhaixl, J. Rumpf, A. Schrauf, F. Stromeyer, etc. In Finland, by 
W. Beck. In Canada, by G. C. Hoffmann, and A. L. Parsons. In the Gnitod States, by 

H. Cre\lner, W. Cross and W. F. Hillebrand, J. 1). Dana, J. Eyerman, F. A. Genth, 

C. Hersch, C. Klein, E. B. Kneer and J. SchOnfold, J. Rumpf, B. Sadtler, A. Schrauf, 

J. L. Smith, F. Tamnau, etc. In Mexico, by C. Klein, C. F. do Landero, S. J. Thu- 
gutt, etc. In Brazil, by P. A. von Sachsen-Coburg. In Africa, by L. Gentil (Algiers), 
and J. A. L. Henderson (S. Africa). In India, by J, R. Blum, P. Groth, S. Haughton, 

F. R. Mallet, J. Rumpf, etc. In Siberia, by G. Leonhard. In Japan, by K. Jimbo, and 
T. Woda. Analyses are also reported by most of these observers. 

A. B. de Fourcroy and L. N. Vauquelin, and V. Rose made the earliest analyses 
of apophyllite. J. J. Berzelius reported the presence of fluorine. C. Friedel 
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reported ammonia, but no fluorine, in samples from Utd, and Andreasberg. He, 
however, did find fluorine in some samples. Observations on the fluorine in 
apophylhte were made by A. E. Nordenskjold^C. F. Ramraelsberg, and S. J. Thugutt. 
The last-named showed that the water-content of the powdered mineral is smaller 
than when in lumps-— presumably water is lost in the process of comminution. 
C. F. Rammelsberg found that water is not lost over sulphuric acid, or at 100'" ; 
but at 200®, the evoli^ltion of water begins, and about 4 per cent, was lost at 260®. 
C. Doelter found that about ,45 per cent, of the water is lost at 240®, and 55 per cent, 
at 260®. C. Ilersch found apophyllite from Bergen Hill lost 

100* ICO* 200* 240* 276* 800* E«d boat. 

Loas . . . O il 0j38 0*77 2*03 9*08 9 91 10 61 per cent. 

L. Colomba found with another specimon 


100* 100* 200* 260* 270* 285* 325* 3fl0* 400* 

Lohs . . 0*17 0-51 0-86 6*51 8*49 9*89 11*60 13*35 16*85 per cent. 


The dehydration curve .sliows two well-defined breaks biie at about 2(X)® and one 
ut 285®. Observations were also made by A. Heiinig, by F. Ziinibonini, and by 
C. Doelter. A certain [)r<jportion of the wat«‘r los.s by deh^’dration is reabsorbed 
from a moi.st atm. Tins is therefore reganfinl a.s water of crystallization. 
G. Htoklossa inferred that the 2 mols of water m apophyllite are chemically com- 
bined, and the dehydrated mineral does not n'ab.sorb the watiT as do the zeolites. 

The composition of idt'alizcd aJ)ophyllit^ was n^presented by F. liammels- 
berg by the formula H7K('a4Si^024.4|H20, i.e. as P. Groth puts it, H7KCa4(Si03)g, 
fJHoO ; F. Rammelsberg also used ItoGafSiOgl^Aq. , and (I Doelter regarded 
apophyllite as hydrated potassium caldum hydrodimetasilicate, Jf;.(Ca,K2)Si.p„ 
|-A(|., or (('a.k^l^db) I lli»‘^dbj i A*}., or 0a(fl,K)5.(Si03)i..H20. E. Baschieri 


gav(* : 




SiO.O 

SiO.O 


>H 1 2H,() 


where K denotes (^a.K^, and pos.sibly Nuo and (CuGH)^. G. Tschermak 
used 'l(HQ(\i.28i;j()ii)HgK5,Si;{()n ; and F. W. (Clarke regardial apophyllite, 
gyrdlite, and okenite as salts of the; acid, HflSi^()7, and a])op}iyllite becomes 
114(81207) I (’a(Si.207)lf2Ca0H [o, where some of the univalent ('aOH-group may be 
replaced by pota.ssium. J. Dalton obtained a precipitate, which he seemed to 
regard a.s a douhh; silicate of caleium and pota.ssium by adding lime-water to a 
solii. of alkali silicate. 

F. Wohler, and C. Doelter obtained crystals oftiPophyllite by heating to I50®-J00® 
the powdered mineral and water in a gun-barrel after treatment with carbon dioxide. 
Tf okenite be heated with potassium silicate ami carbonated water to 2(Xj®, new 
crystals of okenite and apophyllite are formed. Similarly, if okenite, sodium car- 
bonate, and alurainiimi chloride bo heated to 220®, apophyllit<‘ is formed. A. Daubreo 
ob.servcd the formation of apophyllite in the masonry of the butlis ut Plombieres. 
A. G. Becquerel covered a gypsum plate with a soln. of potassium silicate and, after 
the mixture had stood for some time, found that crystals of })ota8sium calcium 
silicate were formed. The product was insoluble in water, and decomposed by 
hydrochloric acid. J . Lemberg obtained the double silicate by the action of calcium 
chloride on potassium silicate for 57 hrs. at 185® ; also by digesting calcium car- 
bonate and an aq. soln. of potassium silicate for 20 days at 10(.)®. A. Duboin pielted 
calcium oxide with potassium fluoride and silica, and obtained mixtures of crystalline 
products containing fluorine, or chlorine, if potassium chloride be used in place of 
the fluoride. He obtained potasdum pentacalciam tetraflaobexametadlicate, 
K2O.5CaO.6SiO2.4KF, With baryta, the products were free from halogens. 
A. Streng studied the formation of apophyllite in nature by the action of carbonated 
waters on wollastonite : 2CaSi0g4-C024-2H20=^CaC08-fH2CaSi20s.H20 ; and 
8. J. Thugutt gave 8CaSi08-f8H20+4C02-l-KF-4CaC08-f-4(CaSi205.2H20).KF. 
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Apophyllite is colourless, white, pale yellow, red, or green. 6. Suckow said 
that the red apophyllite of Andreasberg is coloured with cobalt fluoride. Measure- 
ments of the crystals have been made by J. F. L. Hausmann, J. Rumpf, H. Dauber, 
0. Luedecke, C. F. Rammelsberg, A. Streng, P. Groth, K. Busz, J. Schill, 
H. Traube, G. Flink, B. Jezek, A. Schrauf, A. Pichler, A. des Cloizeaux, P. I. Ploner, 
E. Artini, J. Konigsberger, L. Meschinelli and E. Balestra, A. Dufr^noy, F. Klocke, 
W, C. Brogger, G. Seligmann, F. Tamnau, L. Geutil, etc. According to W. H. Miller, 
the crystals belong to the tetragonal system, and have the axial ratio a : c 
--1 : 1'2515. Mallard’s view is that the mineral is pseudo-tetragonal, but it is 
really a complex of lamellar twinned, monoclinic individuals. This was supported 
by H. Haga and F. M. Jager’s observations on the X-radiograms. J. Rumpf gave 
40° for the optic axial angle. The cleavage is well marked. 0. Miigge studied the 
percussion figures ; F. Rinne, the corroaon figures ; and J. Lehmann, the con- 
traction crazing, and the hissing of the mineral with water. 0. Luedecke gave 
1’961 for the sp. gr. ; C. Rinman, 2*377 ; 0. B. Boggild, 2*379 ; G. d’Achiardi, 
2*2 ; A. Russell, 2*31 ; J. Rumpf, 2*339 ; H. Credner, 2*37 ; and B. Sadtler, 2*5. 
Most of the material analyzed — vide supra—h&d also its sp. gr. determined. The 
best representative value is 2*3- 2*4 ; the hardness is 4-5. The indices of refraction 
have been determined by A. des (fioizeaux, L. Gentil, K. Zimanyi, 0. Luedecke, 
etc. For Na-light, the values range from cu=l*r)331-l*5379, and €—1*5356-1*5414 ; 
for Li-light, 1*5309-1 *5240, and €-1*5332-1*5404; for Tl-light, a>-4*5405; 
and € -1*5429; and for (js-light, cu -1*5311, and €—1*5335. The birefringence 
c-cu— 0*002 is weak and positive. A. Ehringhaus gave for light of wave-length A, 
between 17*5° and 18° : 


A 

690*7 

623*9 

689*3 

613-2 

491-6 

435*7 

404*7 

to 

I'oaios 

1-63294 

1*63437 

1 -63876 

1*64032 

1-64659 

1-64969 

t 

1-63267 

1-63418 

1-63665 

1-63964 

1-64101 

1-64591 

1-64962 


The interference figures of the apophyllites are peculiar. Instead of showing the 
sequence of colours of Newton’s rings characteristic of crystals in which the bire- 
fringence does not alter with wave-length, D. Brewster noted that in white light 
some varieties of apophyllite give rings with a different sequence — e.g. violet, 
greenish-yellow, and white circles alternating without any tint of red— vide supra, 
chronmyclites—or, as reported by J. F. W. Herschel, the rings may bo black and 
white. These samples were called kucocycUte {vide supra). In some apophyllites, 
the birefringence is the same for red and yellow light, but other specimens may be 
positive, isotro])ic, oc negative for diflerenlly coloured light. 0. Klein showed 
that the apophyllite rings may be imitated by a combination of uniaxial positive 
and negative crystals. This supports the hypothesis that apophyllite is an iso- 
raorphous mixture of a positive and negative substance. The Icucocyclite variety 
is positive ; and C. Doelter showed that heating to 275° changes the rings of ordinary 
apophyllite to those of the Icucocyclite variety— it is assumed that leucocyclite is 
a less hydrated variety. Many apophyllites exhibit in basal section a partition 
into sectors, some of which are biaxial and negative for blue and positive for red, 
with the axial planes crossed. Hence, argued H. A. Miers, apophyllite is an inter- 
growth of two or more silicates with different optical qualities. The subject has 
also been discussed by R. Brauns, C. Skoetsch, A. Ehringhaus, A. Wenzel, H. Michel, 
E. Mallard, F. Pfaff, F. Klocke, B. Trolle, etc. W. W. Coblentz found that the 
ultra-red transmission spectrum of apophyllite has water bands at 1*5 /a and 2pL ; 
and the piineral is almost opaque between 3/i and 8/i. The reflection spectrum has 
the usual region common to silicates, and maxima at 915/jt and 9*7/^. According 
to W. G. Hankel, the pyroelectrical properties of apophyllite are shown by cooling 
a crystal, when the ends and vicinities of the principal axes are positively electrified ; 
and the intermediate region, negatively electrified. 0. Weigel studied the electrical 
conductivity. 

Powder^ apophyllite was found by G. A. Kenngott, F. Cornu, and F, W. Clarke 
to have an alkaline reaction both before and after calcination. F. Wohler observed 
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that apophyllite dissolves in water at 180M90®, and a press, of 10-12 atm. On 
cooling, the solute separates as crystalline apophyllite. Temp., said R. Bunsen, 
is the most important factor. C. 0. C. Bischof found one part of apophyllite 
dissolves in 28,^2 parts of water. C. Doelter found that after 14 days* action at 
90*^, distilled water dissolves only a trace of silica and lime ; and after 21 days at 
120°, 2 98 per cent, of matter was dissolved by the water, and of this, 64*2 i)er cent, 
was silica, and the remainder lime with an unweighable trace of potash. G. Spezia 
found that water at 25° and 1750 atm. press, dissolved no apophyllite (Poonah) after 
6 months’ action; some action occurred at 193°-211° and at a press, of II atm. in 13 
days ; but not at 93°-107° and 500-1056 atm. press. J. Lemberg treated apophyllite 
with soln. of magnesium sulphate or chloride in sealed tubes for periods extending 
from 4i hrs. at 180° to 3 mons. at ordinary temp. The lime was partially replaced 
by magnesia ; and if soln. of alkali alurainatc be used, then lime is also replaced 
by aluiiiina ; and with soln. of sodium silicate apophyllite passes into pectolite. 
F. W. Clarke studied the action of soln. of ammonium chloride and found that 
lime and alkali are removed. Apophyllite dissolves in Acids with the separation 
of docculent silica which E. Baschieri claimed to have the composition U2Si20o. 
F. Cornu found that hydrochloric, nitric, or sulphuric acid attacks the (111) and 
the (001) crystal faces strongly, but the (100) face was scarcely attacked. 
J. Samoiloff found that the alkali was extracted by plants from apophyllite about 
as easily as from leucite and orthoclase, but not so easily as from phillipsite. 
Natural transformations of apophyllite havo been studied by F. Cornu, J. Roth, 
A. Himmelbauer, G. Tscherrnak, W. T. Schaller, A. Scheit, R. Gorgoy, J. R. Blum, 
II. Michel, M. Websky, A. Strong, J. Kdnigsberger, F. von Richthofen, E. 8. Dana, 
C. F. Peters, etc. 

J. Dalton obtained a precipitate which appeared to bo a potassium barium 
silicate by mixing baryta-water with a soln. of the alkali silicate. J. M. Ordway 
made some observations on the subject, and A. Duboin melted baryta with potas- 
sium fluoride and silica, and obtained potassium dibarium trimetasiUcate, 
K20.2Ba0.38i02, of sp. gr. 3’78 ; and if this com])ound be fused with potassium 
chloride, the main product is potassium heptabarium octometasilicate, 
K20.7Ba0.8Si02. J. M. Ordway heated mixtures of barium and sodium sul- 
phates with silica and carbon and obtained products which he regarded as sodium 
barium silicates. The results of R. (X Wallace's observations on lithium strontium 
silicates, lithium barium silicates, sodium strontium silicates, and sodium barium 
silicates are summarized in Figs. 77-^. Lithium and strontium metasilicatos 
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Fioa. 77-80. — Freezing-point C\jrve« of Binary Mixtuiee of Strontium and Barium 


Metesilicates with Lithium and Sodium Metasilioates. 

form mixed crystals with a lacuna between 22 and 92 |)er cent, of strontium silicate, 
and with lithium and barium metasilicat-es there is a lacuna with between 35 and 
92 per cent, of barium silicate. Sodium metasilicate forms a continuous series of 
mixed crystals with both barium and strontium metasilicates. 

According to A. de Schulten,^® when lime-water is added to a cone. soln. of 
potassium silicate until a slight precipitate is formed, and the mixture is then 
heated in sealed tubes at 180°-2()0° for 24 hrs., the gelatinous mass which forms 
on cooling encloses a small quantity of some substance cr 3 ^talli 2 ed in prismatic 
needles. If the tube is heated for several days with occasional agitation, the 
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gelatinous matter gradually disappears, and the quantity of the crystals increases. 
By repeated levigation, the plates of silica can be removed, and the prismatic 
crystals are then obtained, mixed with only a small quantity of hexagonal plates : 
the quantity of hexagonal plates increases, and that of the needles diminishes if the 
lime-water is added in too small a quantity ; if, however, too much lime-water is 
added, no crystals are formed at all. The prismatic crystals are white, they have a 
nacreous lustre, melt before the blowpipe, and are decomposed by hydrochloric 
o ^ separation of gelatinous silica which retains 

1^00 j original crystals. Analyses correspond 

mg’" 'Yf with the triple salt dihydratcd sodium potas^um 

/ calcium trimetasilicate, (K2,Na2,Ca)0.3Si02.2H20. The 
^ «oda is derived from the alkalies in the glass, P. Eskola 

I* I,i5d' ^ found that calcium and strontium metasilicates form a 

^ L„J complete series of mixed crystals with a minimum in 

0 25 50 75 M the curve, Fig. 81, at 1474'' ± 3'' and 56 per cent. SrSiOs. 
Per cent. SrSiOj . mixed crystals are crystallographically like jS-f'aSiOs- 

IjIkj. hi. Kreeziiig-point Mixtures of silica, baryta, and lime were fused into 

Uirvo glasses by H. Benratli, G. Wagener, and C. F. Plattncr. 

.yH-ttn 3 *. K ,. p calcium and barium mcta- 

silwalcs give an isomorphous series with a continuous f.p. curve, having a 
minimum at about 1000° with nearly 35 per cent, of barium metasilicate. A glass 
is obtained on cooling rapidly, while slowly cooled mixtures solidify to a homo- 

1600° - geneous series of monoclinic solid soln., 

' 15 ^ 0 '- - / which do not disintegrate or undergo further 

E«kola, however, obtained the 
' ^ 1 \ curves shown in Fig. 82. This diagram 

5! o /i-Cd$70^ r D / A t shows that a comj)ound barium dicalcium 
^ 1,^00 \ A metasilicate, llaPa 2 Si;j 09 , is formed which 

I ^_4— 1^— ! melt incongruent m.p. at 1320° ±4°, 

g.. /,300° Y-CdS/ij ^ ' forming |3-calcmm metasilicate and liquid. 

’ dl ^(S/oi I ' crystals of IIk^ compound arc usually 

/^200° CdiSd(SiO^) hi th('. form of elongated fibres ; they are 

\^dSt 05 \ uniaxial and negative ; and probably hexa- 

/,f00° J!L j., I I gonal. The crystals have good cleavages 

0 20 ^ in their prismatic zone. The indices of 

er cent. DdoiUi reaction for the F-, T1 , D-, and G-rays 

arc respectively 1-685, 1-681, and 

Jiumo- System = C»b.O.-B«S.O,. i-fies, and 1-664. 

An artificial blue pigment was used by the Egyptians from the time of the 
4th dynasty, and was also used at the time of the Roman Empire. M. P. Vitruvius 26 
said that the colour was made by heating a mixture of copper filings, soda, and sand. 
Observations on the colour were made by H. Davy, L. N. Vauquelin, J. P. ,T. d’Arcet 
and co-workers, W. J. Russell, F, C. J. Spurrell, W. Burton, H. le Chatelier, etc. 
H. do Fontenay found the percentage composition of an Egyptian blue body to be 
70'25 per cent. Si02 ; 2*36, Al^Og-f FcaOs ; 8’35, CaO ; 16-44, CuO ; and 2-83, 
Na20, witli no trace of cobalt oxide. It can be made by heating a mixture of sand, 
70 ; copper oxide, 15 ; whiting, 25 ; and soda ash, 6, Uelow 1000°. F. Fouqu6 
made a particular study of the colour, and considered it to be due to the formation 
of a calcium cupric metadisilicate* Ca0.Cu0.4Si02, or CaCu(Si 205 ) 2 . He prepared 
this quite free from alkali, and called it Vestorian blue. The calcium cupric silicate 
was obtained in azure-blue crystals. These results were conhrraed by A. P. Laurie 
and co-workers. The crystals belong to the tetragonal system. The sp. gr. is 
3 04 (F. Fouqu^), 2'948 (A. P. Laurie). In convergent polarized light, said 
F. Fouque, the crystals exhibit the characteristics of uniaxial minerals. The 


jF'CdS^ors 

■imelt I 'S 

0 20 ‘ fO 




CaMSiOi), 


Per cent. BdSiOi 


crystals are optically negative. They are remarkably pleochroic, being of a pale 
rose colour with rays vibrating parallel to the axis, and intensely blue with rays 
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vibrating per}>endiculur to that axis. The double refraction is 0 031. A. P. Laurie 
and co-workers found the refractive index of the •ordinary ray is cu~l’6354, and 
that of tlie extraordinary ray, € 1 0053. so that the double refraction is in agree- 

ment with F. Fouque’s value. H, le Ohatelier, and 0. Barth obtained a blue 
colour by heating a mixture of copper oxide or silicate, silica, and barium carbonate 
or silicate— with or without sodium carbonate. G. Barth also used strontium 
silicate in place of J)ariuin silicate. There is nothing here to show’ that the 
products are chemical indivi^luals, Ixirium cuyru' ailicate, or slrontium cupric silicate. 
The double silicates were also obtained by precipitation. 
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38, 1843; Die Mineralien Badens nach ihrem Vorkommen, Stuttgart, 28, 1876; R. J. Haiiy, 
TraiU de miniralogie, Paris, 3. 154, 1801 ; 3. 194, 1822 ; Cours de, mineralogie, del' an XI II, Paris, 
1805 ; Tableau comparatif des r6sulla(s de la cristallographie et de I' analyse chimique rclativement 
d la ckssification dee minerau.v, Paris, 36, 168, 1809; A. G. Werner, Letztes Mineral-System, 
Freibe^rg, 6. 37, 1817 ; D. Brewster, Edin. Phil. Journ,, 1. 1, 1819; Edin. Journ. Science, 7. 
115, 1827; Phil. Trans., 108. 199, 1818; G. S, von Waltershausen, Ueber die vulkanischen 
Gesteine in Sicilien und Island und ihre submarine, Umhildung, Gottingen, 297, 1853 ; W. Klein, 
Sitzber. Akad, Berlin, 263, 1892 ; Ze,it. Kryst , 9. 45, 1884 ; C. Klein, Neues Jahrh. Min., i, 253, 
1884 ; Sitzber. Akad. Berlin, 217, 1892 ; J. F. W. Hersehel, Trans. Cambridge Phil. Soc., 1. 21. 
1820 ; J. N. von Fuchs and C. Gehlen, Schweiggers Journ., 18. 1 , 1816 ; P. Groth, Die Mineralien* 
Sammlui^ der llniversitdt Strassburg, Strassburg, 230, 1878 ; TahelUtrische Uebersicht der 
Mineralien, Braunschweig, 149, 1889 ; Chemische Krystnllographie, Leipzig, 2. 263, 1908 ; 
Zeit. Kryst., 5. 376, 1881 ; A. des (!loizeau.K, Manuel de, mineralogie, Paris, 128, 1862; Ann 
Mines, (5), 11. 266, 1857 ; Nouvelles recherches sur les propriitis optiques des existaux, Paris, .521, 
1867 ; A. Sehrauf, Aihu der Krystallformen des Mineralreiches Wien, 21, 1865; Sitzber. Akad. 
Wien, 62. 700, 1870 ; F. von Richthofen, ib., 27. 293, 1858 ; G. Tschennak, ib., 47. 455, 1863 ; 
G, A. Kenngott, Uebersichte der JtesuUate mtnerologiscJur Forschungen, Wien, 69, 1858 ; Journ. 
prakt. Chem., (1), 89. 449, J1863 ; Ne.ues Jnhrb. Min.\ 304, 769, 1867 ; 725, 1873 ; R. P. Greg 
and W. G. Lettsoin, Manual of the Mineralogy of Greeit Britain and Ireland, London, 217, 1868 ; 
J. F. L. Hausmann, llandbuch der Mirlirulogie, Gottingen, 761, 1847 ; H. Dauber, Pogg. Ann., 
107. 281, 1859; .SVljftcr. Akad. Wien, 107. 281. 1869; F. von Richthofen, ib., 27. 369, 1867; 
G. Tsohermak, ib., 47. 456, 18f>3; Lehrbuch der Mineralogie, Wien, 671, HKIO ; G. Cesaro, 
Bull. Soc. Min., 12. 63, 1889 ; 0, Luedeckc, Krystallographische Untersuchungen, Halle, 28, 
1878 ; Die Minerale, des Harzes, Berlin, 1896 ; Zeit. Naturwiss., 61. 337, 1888 ; C. F. Raramels- 
berg, Zeit. deut. geol. Ges., 20. 443, 1868 ; Pogg. Ann., 68. 606, 1846 ; 77. 236, 1849 ; Handbuch 
der Miner alchemic, laiipzig, 006, 1875 ; 367, 1896 ; A. von Lasaulx, Niederrh. Ges. Bonn, 99, 
1884; E. Weiss, ib., 132, 1871 ; K. Busz, ib., 32, 1894; H. Pohlig, ib., 54, 1890; G. Greim, 
THe Mineralien des Grossherzogs Hessen, Giessen, 44, 1896; C. W. von Giimbel, Geognostische 
Beschreibunj des ostbayerischen Grenzgebirges, Gotha, 2. 360, 1868 ; H. Traubo, Die Minerale 
fi'cWrsieiM, ‘Breslau, 16, 1888; F. A. Roemer, Geologie von Oberschlesien, Breslau, 437, 1870 ; 
A. Fronwl, Mineralogisches Lexikon fdr das Konigreich Saehen, Leipzig, 18, 1874; A. L6vy, 
Description d'une collection des miniraux formic, par H. Heuland, Londres, 1838 ; J. R, Blum, 
Die Pseudomorphosen des Mineralreichs, Stuttgart, 46, 1863 ; Neues Jahrh, Min,, 464, 1863 ; 
0. C, Hoffmann, Minerals occurring in Canada, Ottawa, 74, 1890 ; F. Tamnau, Zeit. deut. geol. 
Oes., 4 . o, 1862 ; Herach, Der Wassergehall der Zeolithe, Zurich, 43, 1887 ; J. D. Dana, 
A System of Mineralogy, New York. 249. 1860 ; T. Wada, Minerals of Japan, Tokyo, 1904; 
Zeit. Kryst., 11. 442, 1886; K. Jimbo, Notes on the Minerals of Japan, Tokyo, 1907; 
E. Manasse, Proe. Ferft. Soc. Toscana, 15. 66, 1906; E. Baschieri, AUi Soc. Toscana, 24. 
133, 1908; P. P. Pilipenko, Ann. ged. Min. Russ., 10. 189, 1908; S. J. Thugutt, Centr. 
Min.jm, 1909 ; 761,1911; J. Samoiloff, ift., 267, 1910 ; F. Cornu, i6., 210, 1907; Tschef* 
mak's Mitt., (2), 24. 203, 1905; V. Rose, Qehlen's Journ., 6. 37, 1805; W. H. MiUer, 
Introduction to Mineralogy, London, 437, 1852; F. Kohlrausch, Wied Ann., 4 . 29, 1878 ; 
0. Suckow, Zeit. Nalwwm., 6. 271, 1855 ; F. Pfaff, Pogg. Ann., 108. 608, 1859 ; W. G. Hankel, 
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a., 167. 163, 1870; F. Wohler, Ann., 65. 80, 1848; R. Buneen, ift., 65. 82, 1848; 

Ann. Miws, (4), 19. 260, 1861 ; G. Stokloega, Udter die Natvr de^ in den ZiolUhev 

Stuttgart, 1917; News Jahrb. Min. B.B., 42. 1/1918; A, Ehringhaus, ih., 41 342 
1917 ; 48. 557, 1920 ; Zeil. Kryst., 66. 418. 1921 ; A. Wenael, SeutA Jahrb. Min. B.B., 41. iMiri,’ 
1917 ; J. E. Hibach, Miti., (2), 84. 262, 1917; A. L. Paraonn, Amer. Mvt,, 9 67, 

1924 ; R. Brauns, Die optischen Anomnlien der KrystaUe, Leipzig, 298, 1891 ; L. IJobener and 
J. Vorhauser, Die Mitwralien TiroU. Innsbruck, 19, 1859 ; A. Hininielbaucr, Mitl. Sat. l>r. 
Wien, 8. 96, 1910 ; J. Roth, Allgemeine und chemische (kohgie, Berlin, 1. 398, 1879 ; R. G<)rgev, 
Neves Jahrb. Min. B.lL, 29. 267, 1910 ; (1 Doelterand E. Matters<lorf, Xerh. deal. Ketck^anjut., 
32, 1876 ; C. Doelter, Neues Jphrb. Min., i, 121, 1890 ; ii, 221, 1894 ; A. StrtMig, tb., 425, 1870 ; 
393, 1875; G. Zimmermann, ib., 208, 18:14; F. Samlberger. ib., 190, 1850; A. Weislmch, tb . 
663, 1879; J. SchiU, ib., 266. 1845; V. F. IVt^'rs, ib., 434, 1861 ; A. Pichlor, ib., 62, 1877 ; 
p. F.Wiser, i6., 328, 1840; P. C.Weibye, ib., 770, 1849; G. Seligmann, »6.. i, 140, 1880; H. C'rwiner. 
ib,, 12, 1869 ; F. Klooke, Ber. Verb. Nat. fhs. Frftbenj, 2. 369, 1880 ; News Jahrb. Min., li, 11, 
1880; i, 204, 1881 ; ii, 266, 1881 ; F. Rinne. tb., ii, 19, 1895; A. Koch, Zeit, Kryst,, 17. 505, 
1890; E. Weinsehenk, ib., 507, 1896; W. (’. Brogger, ib.. 16. 644, 1890; J. Kdnigsberger, 
ib., 52. 151, 1913 ; (). Weigel, ib., 58. 18:i, 1923 ; 0. B. Bdggild, ib., 49. 239. 1911 ; K. Zimanyi, 
i6., 22. 336, 1894 ; J. Lehmann, ib , 11. 611, 1886 ; P. 1. Ploncr, tb., 18. :15I, 185)0 ; T. Watls, 
ib., 11. 442, 1886 ; C. Friedel. ib., 26. 22, 1896 ; Comitt. Bend , 118. 1232, 18<M ; BuU. Soc. Mitt., 
17. 142, 1894 ; J. Runipf, Tschermak's MtU., (2), 2. 384. 1880^ J. E. Hdwch, ib., (2), 34. 262, 
1917 ; J. Fromme, ib , (2), 28, 305, 1909; .M. Websky, tb., (1), 2. 64, 1872 ; Zeit. dent. geol. des.. 
28. 419, 1876 ; Schles. Get. Vaterl. KuU., 43, 1870 ; E. Artini, Atti .irrad. JAitcet, 4. 536, 1888 ; 
L. Coloraba, ib , (5), 16. i, 966, 1907 ; G. d’Acliiardi, tb., (5), 11. i, 251, 1902 ; L. Mesehinelli and 
A. BalcHtra, Btv. Mm. ('rist. lUil, 2. 13. 1887; A. Dnfrem.y. Atfn. Mines, (3), 9. 171, 1836; 
A. Daubrde, tb., (5), 12. 2(4,1857; E. Mallard, tb , (7), 10. 121, 1876; F. Gonnard, Comjtt. 
Bend., 104. 719. 1887 ; 105. 886, 1887 ; A. V. Becqnerol, tb., 63. 5, 1866 ; A. DulMun, tb., 123. 
698, 1896; W’. F. Hillebrand, Bull, d S. (hoi. Sur., 20, 1885; W. Cross and \V. F. Hillebrand, 
Amer. Journ, Soience, (3), 24. 129, 1882; C. Ff de Landero, Stnojm.'i mtnirtilogien 6 catdlogo- 
desert itfitn de h.s mtnerales, .Mexico, 35. 1888; 1., Gentil, Bull. Soc. Min., 18. 376, 1895; 
F. R. Mallet, Manual of the Geology of India, Calcutta. 4. 123, 1887 ; C, G. C. Iliseliof, Uhrburh 
der chemtsehen und physikalisrhen Geologic, Bonn. 2. 388. 1864 ; 11. SUilting, Berg. UiUt. Ztg., 
20. 267, 1861 ; E. Mattetkltirf, I'erA. Geol. Beichsaust., :)2, 1876; F. iSt romeyer, G6U. (hi. Anz,, 
1995, I8l9 ; Gilbert's Ann., 63. :i72, 1819 ; U nte.rsuchungen uber die Mischuiuj der Mineralk6rj)er, 
Gottingen, 29L 1821 ; Ii. Sipocz, T.seh*rmok's Mttt , (2), 2. 388. 1880; H. .Michel, ib., (2), 30. 
475, 1911 ; A. Scheit, tb., (2), 29. 263. 1910; C Gmelin, Akad. llandl Stockholm, 171, 1816; 
J. J. Berzclm.s, .ifhend, Fxt Ke.mt Mm., 6. 18I, 1818; Sehiceigger's Journ., 23. 284, 1818; 
L, J. Igclstnmi, Geol For. Fork Stockholm. 7. 4, 1884; G. llalllK'rg, tb., 15. 327, 1893; 25. 
424, 1903 ; A Honing, tb., 21. 349, 1899 ; A. E. N<.rdenskj61d, tb., 16. 579, 1894 ; G, Flink, ih., 
28. 423. 1(K)6- H. Haga ami E. M. Jager, Versl. Akad Am.dcrdam, 23. 430, 1914 ; 88. 463. 
1910; W. Beck. Broc Buss. Mtn. Soc., 92, 1862 ; E. F. Smith, Aiwr. ('hem. Journ., 6 413, 
1885 ; B. Sadtler, tb., 4. 357. 1883 ; S. Haughton, Phil Mag., (4), 32. 223, 1866 ; J. Kyerman, 
New York Acad. Science, 14, 1889; J. L Smith, Amer. Journ. Science, (2), 18. 380, 1854 ; 
J. M. Ordway, tb., (2), 32. 153, 337, 1861 ; F. A. Genth, tb.,\2), 16. 81, 1853; F. W. ( larke, 
ib , (3), 48. 187, 18(4 ; Journ. .4mcr. Chem. Soc , 20. 739, 1(K)8 ; F. \V, Clarke and G. Steiger, 
BuU. U.S. Geol Sur., 207, 1902 ; W. T. Jichaller, tb., 262, 1895 ; J. A. L. Henderson, Min. Mag., 
11. 318, 1897 ; A. B. de Fouroroy and li. N. Vampiehn, Ann. Afua. Jhat. Nat., 6. 317. 1805; 

H. do Sdnarraont, Ann. ('him. Pkys., (3), 33. 37, 1)^54 ; J. Lemberg, Zeit. deut. geol. Ges., 22. 
353, 1870 ; 28. 502, 1876 ; 29. 457, 1877 ; 35 557, 1883 ; A. Knop, Ihr Kaiserstuhl im Ihrisgau, 
liCipzig, 83, 1892; E. Turner, Arsber. Phy.uk ('kemi, 8. 1(4, 1828; Kdin. Journ. Science’, 7. 
118, 1827 ; V. von Zepharovich, Mmerahgisches Lextkon fltr dus Kaiserthum OesUrretch, Wien, 

I. 491,. 1859; 2. 359, 1873; 8. 20, 1893; F. Zambonini, Atti Acmd. Najioli, 16. 1, 1908; 
H, A. Miera, Mineralogy, London, 440, 1902 ; A. Russell, Mm. Mag., 15. 382, 1910 ; B. Trolle, Phys, 
Zeit., 7. 700, 1906 ; E. Baschicri, Atti Soc. ToacAirut, 24. 133, 1908 ; G. Sja^zia, Atti Accad. Torino, 
30. 245, 1895; J. DalVm, New System of Chemical PhiUmphy, Manchester, 2. 636, 1810; 
R. C. Wallace, Trans. Cer. Soc., 9. 172, 1910 ; Zett. anorg. Chem., 1, 1909 ; W. W. f'oblentz, 
Investigaiions of Infra-red Spectra, Washington, 3. 27, 1906; 4. 84, 1^6; C. Skoetsch, (,'enlr, 
Min.fZ53, 1921 ; J. Kdnigsberger, Abhand. Bayer. Akad., 28. 10, 1917 ; B. Jczek.^Zeit. Kryst., 
67. 667, 1923 ; D. Honeymann, Proe, Nom ScMia Inst., 6. 16, 1879 ; H. Louis, ib., 6. 15, 1879 ; 
T, L. Walker and A. L. Parsons, Vntv. Toronto Oeol, Studies, 16, 1923 ; A. L, Parsons, ib., 17, 
1924; P. A. von Sachsen -Coburg, Tschermak's MUt., (2), 10. 451 1889; E. B. Knecr and 

J. Schdnfeld, Amer. Chem. Journ., 6. 413, 1886 ; G. Hallberg, Zeit. Kryst., 26. 424, 1896 ; Geol. 

Fdr. Fork. Stockholm, 16. 327, 189,3 ; 0. Mugge, Neves Jahrb. Mtn., i, ,50, 1884. ♦ * 

•• A. de Schulten, BuU. Soc. Chim., (2), 37. 449, 1882 ; P. Lebedcff, Zeit. anorg. ('hem., 70. 
301, 1911 ; H. Benrath, Betirdge zur ('hemte den Olasts, J>orj»at, 1871 ; G. Wagener, DingUr's 
Journ., 244. 406, 1882 ; C. F. Plattner, Die Probirkunst mil dem Ldthrohre, Leipzig, 1863 ; 
P. Eskola, Amer. Journ. Science, (6), 4. 331, 1922. 

*• H. le ChateUer, Zeit. angew. Chem., 13. 820, 1900 ; 20. 621, 1907 ; Comjd. Bend., 129. 287, 
477, 1899; F. Fouqu6, ib., 108. 325, 1389 ; BuU. Soc. Mines, 12. '36, 1889; A. F. lo ChateUer, 
French Pat. No. 292947, 1899; German Pat., D.R.P . 112701, 1899; H, Davy, 7*A»7. frana., 105. 
97, 1815; J. SnuthsoD, Ann. Phil., 7. 115, 1824 ; J. B. L. Paasalaoqua, Catalogue raisonni st 
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hiatorique des ardiquitis dicouvertes en Egypte, Paris, 239, 661, 1826 ; L. N. Vauquelin, Ann. 
Chim, Phya., (1), 89 . 88, 1814 ; H. de Fontcnay, Ann. Chim. Phya., (6), 2 . 193, 1874 ; Dingler'a 
Journ., 218 . 84, 1874 ; Ccympt. Pend., 78 *. 908, 1874 ; Chem. News, 29 . 230, 1874 ; W. J. Russell, 
Pfoc. Roy. Insl., 14 . 67, 1893 ; W. M. F, Petrie, Medum, London, 44, 1892 ; F. C, J. Spurrell, 
Archaol. Journ., 52 . 222, 1896; W. Burton, Journ. Soc. Arts, 60 . 694, 1912; A. P. Laurie, 
W. P. P. McLintock, and F. D. Miles, Proc. Roy. Soc., 89 . A, 418, 1914 ; C. R. Lepsius, A itad. 
Wias. B^lin, 27, 1871 ; Die Metalle in den aegyptisrJien Inschrijkn, Berlin, 1 872 ; M. P. Vitruvius, 
De Ofchitedura, 7 . 91, c. 1 a.d. ; L. Bock, Zeit. angew. Chem., 29 . 228, 1910 ; J. P. J. d’Arcet, 
A. F. do Fourcroy, and L. B. 0. do Morveau, Mini. Inst. Paris, 3. 46, 1800 ; G. Barth, Cermav 
Pat., D.R.P. 167934, 1904. 


§ 26. Beryllium or Olucinum Silicates 

Beryllium forms an anhydrous orthosilicate ])heM<ici(e — and a hemihydrated 
orthosilicatc - hcr/rawddc ; the orthosilicate also forms a series of solid soln., with 
manganese, zinc, and ferroun silicates, known as Inmeriie. There is a dimorphous 
hydrated beryllium alkali silicate furnishing cudidyinitc, and epidyniite ; and a 
series of fluoriferous metasilicates -hnicophanc and mvlmophane. There are also 
the aluminosilicates eximplified by heryl. According to W. C. Brdggerd the 
minerals phenacite, triinerite, willemite, and dioptase form a morphotropic family. 

The mineral phenacite was discovered by N. von Nordenskjdld in the emerald 
mines near Tokowaja, Urals. The crystals had previously been mistaken for 
quartz— hence the name from a deceiver. It has also been found near 

Miask, Ilmen Mts. ; Eramont, Vosges Mts. ; Reckingem, Switzerland ; Darango, 
Mexico ; Topaz Butte, Colorado ; in New Hampshire, Virginia, etc. Analyses 
have been reported by N. von Norch'uskjdld, C. G. C. Bischof, L. A. Aars, 
C. F. llammelsberg, S. L. Penficld, E. S. Sperry, K. Vrba, K. Chroustchoff, 
G. Seligmann, etc. The results show that phenacite is beryllium orthosilicate, 
Be.^Si04. 

A. Daubree synthesized phenacite by passing a current of silicon chloride over 
beryllia at a red heat ; C. J. St. C. Deville, however, thought that the analysis 
of the product of this operation agreed mor(j nearly with beryllium metasilicate, 
BeSi03. G. Stein made the orthosilicate by fusing 2 mols of beryllia with a mol 
of silica in carbon or porcelain crucibles, and he obtained the metasilicate by 
heating a mixture of equimolar proportions at 1600'\ J. J. Ebelmen fused silica 
and beryllia with borax» and obtained hexagoi^al crystals which E. Mallard found 
to have oiitical properties like phenacite. P. Hautideuillc and A. Perrey heated a 
mixture of silica, beryllia, and lithmhi vanadate and carbonate, or lithium molyb- 
date for a long time at 600'^’-7(XP, and obtained well-defined crystals. C. Doelter 
made crystals of phenacite by melting beryllium nitrate and silica with ammonium 
fluoride as ayent mimraluateur. W. Pukall made the meta- and ortho-silicates 
by heating intimate mixtures of beryllium hydroxide and silicic acid in theoretical 
proportions. F. M. Jiiger and H. S. van Klooster made the metasilicate in a 
somewhat similar way. 

Phenacite occurs in colourless, yellow, pale rose-red, or brown crystals. The 
crystals were examined by N. von Nordenskjold, G. Rose, R. Hermann, G. Selig- 
mann, E. Beyrich, A. des Cloizeaux, A. Russell, M. Websky, W. H. Miller, 
W. Phillips, M. Henglein, J. G. G. de Marignac, S. L. Penfield, W. E. Hidden, 
W. Cros| and W. F. Hillebrand, H. J. Burkart, L. Weber, etc. According to 
N. von Kokscharoff, the crystals belong to the trigonal system, and the axial ratio 
a : c is 1 : 0'661, and M, Websky gave 1 : 0*661958. 6. Doelter’s crystals were 
short prisms. Penetration twinning occurs about the vertical axis ; the cleavage 
is well marked. H. Haga and F. M. Jager studied the X-radiograms of phenacite. 
A. von LasauLx noted in the crystals liquid inclusions which still remain at 100°, 
and cannot therefore be liquid carbon dioxide. N. von Nordenskjold gave 2 969 
for the sp. gr. ; A. Breithaupt gave 3 001 ; K. Chroustchoff, 2-945-2-986 ; and 
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W. Cross and W. F. Hillebrand, 2*967. According to G. Stein, the sp. gr. of the 
crystals of the orthosilicate is 2*46, and of the metasilicate 2*35. K. Chroustchoff 
gave 7-S for the hardness. According to F. M. Jager and H. S. van Klooster, the 
m.p. of the metasilicate is over 1750'" ; and, according to 6. Stein, the m.p, of both 
silicates is over 2000'’. G. Spezia melted the mineral in the oxyhydrogeu blowpipe. 
A. des Cloizeaux, W. Haidinger, and A. Offret measured the indices of refraction. 
A. Offret obtained 0^ : 

Ll-llnef. Nft-Une. Green Cd-llne. Blue Cd-line. 

(u . . 1*6509 1*6542 1*6570 1*6610 

e . . 1*6666 1*6700 1*6729 1*6770 

A. des Cloizeaux observed that at 100'\ the refractive index was increased by 
0*00108. The birefringence is higher than that of quartz, the crystals are optically 
positive. A. Ehringhaus and H. Rose compared the dispersion and double refrac- 
tion of the orthosilicates of zinc, beryllium, and copper with their mol. wts. 
VV. Haidinger noted that the crystals are pleochroic, beipg colourless for the ordinary 
ray, and pale yellowish-brown for the extraordinary ray. T. Liebisch found the 
crystals phosphoresce feebly. W. G. Hankel, and C, Fricdel and A. de Gramont 
studied the pyroelectricity of the crystals. Acids do Mot attack the mineral, 
F. Cornu said that plnmacite moistened with water reacts feebly alkaline to litmus. 
W. Pukall found the mcta- and ortho-silicates to be but slightly attacked by acids 
and alkalies. 

According to (4. tmncrite is a Swedish ininond whoso analysis corresponds with 

b(rifllnmi maiujanm-. uitlumlu-cUe, BcMiiSiOi ; or witli a solid soln. of tho orthosilicates 
of borylliurn, calcium, and rnanganeso. Tho triclinic crystiils liave tho axial ratios a : 5 : c 
—0*5774: 1 : 0*5425 ; or, jjseudohoxHgonal o : c~ 1 : 0*9424. W. V. BrOggor gave 5'474 ’ 
for tho sp. gr. Tho liardnoss is 0 -7.’ Tho indices of ndraction for Li*, Na-, and TMight 
are res|KH‘tivol}' a— 1*7119, 1*7148, ami 1*7196; /J — 1 7179, 1*7202, and 1*7254; and 
7—1 7220, 1*7259, aiul 1 *7290. Tho hiaTrmgeiicti y a is 0 0105 ; and 7 /J is 0*0061. Tho 
optic axial atigles 2// — 120' I', and 2K--83“ 29'. 

The mineral bertrandite was found by E. Rertrand des environs da N aides, and 
it was named by A. Damour. Occurrences have been desc.ribed by A. Russell, 
H. L. Bowman, (I Baret, A. Lacroix, S, L. Benfield, 0. C. Farrington ami 
E. W. Tillotson, etc. Analyses reported by A. Damour, S, L. I’enfield, P. P. Pili- 
penko, K. Vrba, and T. Vogt correspond with the idealized formula H2Be4Si209, 
or with hemihydrated beryllium crthosilicate, Be.2Si04^Jll20, or, as P. Groth 
expresses it, with beryllium dihydroxydisilicate) (Be0H)2Be2Si207, since water is 
evolved only at a red heat, and it is tliereforif p*robably present in hydroxylic form 
and not as water of hydration. Bertranditii is colourlc.s8 or pale yellow, with a 
vitreous lustre. The crystals have been measured by E. Bertrand, S. L. Penfield, 
etc. K. Vrba showed that the rhombic crystals have tho axial ratios a :h:c 
~0'56988 : 1 : 0*59442. Twinning occurs with axes crossed at about 60” and 120”. 
The cleavage is perfect. The optic axial angles 2// -118” ; and 27^=74” 51' 34". 
E. Bertrand gave 2*593 for the sp. gr. ; K. Vrba gave 2*5963-2*6008 ; R. Scharizer, 
2*55 ; and S. L. Penfield, 2*598. The hardness is 6*0-6*5. Tlie optical j)ropertie8 
of the crystals have been examined by E. Bertrand, A. des Cloizeaux, R. Scharizer, 
K. Vrba, T. Vogt, S. L. Penfield, etc. Tho indices of refractipn for Na-light are 
a=l'5914, j3— 1*6053, and y= 1*6145. The birefringence y— a=0 0231. The 
optical character is negative. S. L. Penfield found tho crystals are jpyrpelectrio. 
According to F. Griinling, the hesseiibenjite of G. A. Kenngott, and the sideroxene 
of F. Hessenberg are varieties of bertrandite. 

A colourless and water-clear mineral found on the Island of Oevre-aro, Norway, 
was analyzed by W. C. Brogger,^ and A. E. Nordenskjold. It appears to be 
beryllium sodium hydiomesotrisUicate, NaBeHSisOg. It was named eudidymite, 
from €v, easily ; SiSvfto?, twin. The crystals are always twinned and of tabular 
habit. According to W. C. Brogger, it forms monoclinic crystals with the axial 
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ratios a : 6 : c=l-7108 : 1 : 1*1071, and ^=93® 45^'. The sp. gr. is 2*648, and the 
hardness under 6. The optic axiahangle 2F=31® 4', and 2H=29° 43'. The indices 
of refraction for red light, sodium light, and thallium light are respectively 
a-l*54444, 1 54533, and 1*54763; j3==l*54479, 1*54568, and 1*54799; and 
y= 1*54971, 1*55085, and 1*55336. The water is but incompletely expelled even at 
a red heat ; a blast flame is needed for its complete expulsion. It is rapidly and 
easily decomposed by hydrofluoric acid, but, calcined or uncalcined, it is incom- 
pletely decomposed by hydrochloric acid, and then only with difliculty. G. Flink, 
and H. Sjogren analyzed a white mineral from Narsasik, Greenland, and found it 
to have the same composition as eudidymite, but it furnishes rhombic crystals with 
the axial ratios a:h: c-^-l*7367 ; 1 : 0*9274. It was named epididymite. Beryllium 
sodium hydrotrisilicate is therefore dimorphous, but whether isomeric or polymeric 
is not known. The optic axial angle 2F^31° 4'. The sp. gr. is 2*553 ; and the 
hardness 6. The indices of refraction for Na-light are a=l*5645, j8=l*5685, and 

1*5688. The behaviour of the mineral on heating, and towards acids resembles 
that of eudidymite. * 

According to P. Hautefeuille and A. Perrey, when the constituents of the alkali 
beryllium silicates are fused at 600MOO°, with an excess of potassium vanadate, 
mineralization occurs. *rhe product after washing with water and dil. potassium 
hydroxide, can be separated into crystalline constituents by a soln. of cadmium 
borotungstate of varying sp. gr. A series of potassium heryllium silicates, having 
K2O : BeO : SiOo as 1:1:4, 1 : 2 : 4, 1 : 1 : 5, and 1:2:5, has been reported ; 
similarly with sodium heryllium silicates, having Na : BeO : SiOg as 1 : 2 : 6, 1 : 2 : 3, 
3 : 4 : 15, 3:4:14, and 3 : 4 : 18. A. Duboin dissolved beryllia and silica in fused 
potassium, fluoride, and submitted the product to a prolonged fusion with 
potassium chloride. He obtained products varying between 2K2O : 3BeO .* 7Si02 
and 2K20.3Bc0.5Si02. 

C. W. Blomstrand ^ described a mineral ho found in the crystalline limestone 
of Langban, Sweden, which he called barylit©— from jSaprs, heavy ; Xi$o^, a stone 
The composition corresponds with Ba4Al4Si7024 ; and F*. W. Clarke symbolized 
its composition Al(Si207.AlBa)3. G. Aminoif, however, gave the formula 
Be2BaSi207, and said that C. W. Blomstrand had mistaken beryllia for alumina 
in his analysis. This makes the mineral barium diberyllium orthosilicate. The 
mineral occurs in groups ‘of white or colourless, prismatic crystals, more or 
less of tabular habit, and, according to M. Weibull, probably rhombic. G. Aminof! 
gave for the axial ratios of the rhombic cry.stalfl a : 6 : c=0*8025 : 1 : 0*8376. There 
are two distinct cleavagea, forming an angle of 84*^. The optical axial angle 
2F— 80° 54'. The sp. gr. is 4*027, and the hardness 7. The indices of refraction 
are a“l*6911, |3“1*6957, and y=r7028; and the birefringence, according to 
E. Dittler, is y—a—O'OU. The optical character is positive. The mineral is not 
attacked by the ordinary mineral acids. 

The mineral helvite or hclvinc was first described by F. Mohs,* and named by A. G. Werner, 
from the sun, in allusion to its yellow colour. Analyses were made by H. A. von 
Vogel, C, G. Gmelin, C. F. Rammelsbei^, N. Teioh, N. von Kokscharoff, R. Haines, 
B. E. Sloan, W. C. BrOgger, H. A. Miers and G. T. Prior, H. BaokstrOm, etc. The results 
have been* discussed by C. F. Rammelsberg, who gave {Mn,Fe)S. 3 (Be,Mn,Fe)„Si 04 ; 
G. A. Kenngott gave MnS.SRjSiOs; V. M. Goldschmidt gave SRBeSiO^.RS; and 
P. Groth, (Be,Mn,Fe) 7 S(Si 04 ) j. W. C. Brbgger and H. Baokstrbm made some observations 
on this subject. The idealized mineral is beryllium sulphosUleate, the actual mineral is a 
solid soli), with various other silicatew. The mineral is usually yellow, brownish-red, or 
green. The crystals belong to the cubic system. The sp. gr., determined in many oases 
by those who analyzed the mineral, range from 3*105-3*383. The hardness is over 6, 
A. Michel- L^vy and A. Lacroix gave 1*739 for the refractive index. The pyroelectric 
properties were studied by W, O. fiankel, and J. and P. Curie. When treated with hydro- 
chloric acid, hydrogen sulphide is evolved, and gelatinous silica is formed. 

J. P. Cooke found a beryllium sulphoeilioate in the granite of Rockrort, Mass., which 
was called damlUe after J. D. Dana. According to C. F. Rammelsberg, ans^ses by 
J. P. Cooke, F. A. Genth, and H. A. Miers and G. T. Prior correspond wi^ RS.3R,SiO| ; 
according to G. A, Kenngott, with ZnS. 3 iBe,Fe,Mn),Si 04 ; and, aocon^ to P. Oioth, 
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(Fe,ZD,Be>Mn)yS( 6 i 04 ),. The ep. gr. is 3*427, and the hardness 5>6. With hydrochloric 
acid, hydrogen sidphide is evolv^ and gelatinous silica remains. 
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§ 27. Magnesium Orthosilicates 

The mineral forsterite was first described by A. Levy i in 1824. It was named 
after L. Forster. The mineral was fouftd as crystals and crystal aggregates 
in Vesuvian lava. G. Strliver found it in the Baccano crater. Observations 
on Italian forsterite were also made by B. Mierisch, G. vom Rath, M. Bauer, 
F. Hessenberg and A. Scacchi, A. A. Losch; N. von Kokscharoff reported 
it in a mine at Slataust, Urals; A, Knop, at Scliolingen, Kaiserstuhl, Baden; 
A. Ilelland, at Snarum, Norway ; and A. K. Coomaraswamy, at Kakgala, 
Ceylon. C. U. BhepaW called a variety he found at Bolton, Mass., holtonite. 
Analyses were made by those just mentioned and by 0. F. Kammelsberg, 
E. Weinscheiik, K, Thadd^etf, F. Zambonini, H. Arsandaux, J. Ti. Smith, G. J. Brush, 
etc. E. Cohen found the mineral in a ipeteorite from Los Muchaclios. The results 
correspond with magnesium orthosilicate, Mg.>Si04. .J. J. Ebelmen reported that 
he synthesized crystals of forsterite, qui prtsentent eiaclement les monies faces que 
les cnstaux du p^ndot du Vtsuvc, by fusing a mixture of boric oxide, silica, and 
magnesia. The boric oxide simply served as a solvent of relatively low m.p., and 
it was (evaporated by a protract(*d heating at a high temp, G. Lechartier fused 
silica and niagnesia along with calcium chloride ; and P. Hautofeuillc operated 

with the same oxides 
and magnesium chloride. 
S. Meunior heated magne- 
sium vapour to redness in 
a mixture of steam and 
silicon chloride. 

N. G. Sefstrbm, W. A. 
Lampadius, J. A. Hcdvall, 
and P. Berthier heated 
various mixtures of mag- 
nesia and silica, and 
obtained more or less 
devitrified enamels. J. W. 
Cobb noted that the re- 
action begins below the 
m.p. of either component. 
W. Pukall also obtained 
the orthosilicate by heat- 
ing an intimate mixture of 
magnesia and silicic acid. 
G. Stein fused a mixture 
of the constituents at a 
temp, exceeding 2000® in 
an electrically heated car- 
bon tube furnace, and ob- 
tained crystals which mil dem des Minerals Fosteril ubereinstimnU. The f .p. curves of 
mixtures of silica and magnesia have been studied by N. L. Bowen and 0. Andersen. 
The results are indicated in Fig. 83. Both the ortho- and the meta-silicates can exist 



Fig. 83.--Thennal Diagram of the Binary System ; 
MgO-SiO,. 
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in contact with the liquid. The maximum correspondi^ with the orthosilicate 
is at 1890® ± 20® ; and the eutectic with magnesium oxide and the orthosilicate 
is at 1850® ±20®, at which the mixture has 14 per cent, of magnesia, and 
86 per cent, of the orthosilicate. The eutectic with silica and magnesium 
metasilicate as solid phases has 12’5 per cent, of the former, and 87‘5 per cent, of 
the latter, and the temp, is 1513® ± 20®. For fhe colloidal magnesium silicates, 
vide supra, water-glass. 

The crystals of forsterite Jbelong to the rhombic system. They have been studied 
by W. H. Miller, G. vom ll^th, F. Fouque and A. Michol-Levy, V. Goldschmidt, 
E. T. Allen and co-workers, A. Scacchi, F. Hesseiiberg, G. Striiver, N. von 
Kokscharolf, etc. M. Bauer gave for the axial ratios a:b: c^O-46476 : 1 : 0-58569. 
The cleavage after the (001 and the (010) faces is perfect. The optic axial angle 
is large, being 86®. G. vom Rath ^vo 3‘191 for the sp. gr. of forsterite ; 
C. F. Raiuraelsbcrg, 3 243; K. Thaddeeff, 3-223; N. von Kokscharoff, 3-191; 
A. Helland, 3-22 ; J. L. Smith, 3-208-3*328 ; H. Arsandaux, 3 248 ; and B. Cohen, 

3 199. The natural crystals usually contain a little iron ; H. Backluiid’s sample 
from Slataust was very low in iron, and its sp. gr. was 3- 191. J. J. Ebelmon’s 
synthetic forsterite had a sp. gr. 3 237 ; N. L. Bowen and 0. Andersen’s, 3 216 ± 0-()02 ; 
G. Stein’s, 3-21 ; and G. Lechartier’s, 3*22. The hardness if forsterite is between 

4 and 5. N. L. Bowen and 0. Andersen gave 1890® ± 20® for the m.p. ; G. Stein 
said the m.p. is below 1900®. A. S. Deleano gave 1600® for the m.p. ; C, Doolter, 
1700® for the m.p., 1655® for the f.p., and 1785° for the temp, of formation. The 
indices of refraction have been determined by A. des Cloizoaux. H. Backluud 
found for Na-light with a sample from SlataiLst, a=l-636l, j3^1-65185, and 
y~l-66975. N. L. Bowen and 0. Andersen gavca^l-635, 1-661, and y=l'670 ; 
and birefringence 0 035 for Na-light ; and E. T. Allen and co-workers gave a^l'645, 
^-—1*656, and y-4-668 all ±0 003; and birefringence 0-023. The crystals 
extinguish parallel to the cleavage directions. The crystals ar(5 decomposed by 
hydrochloric acid with the separation of gelatinous silica — vide olivine. W. Pukall 
said that his product gained only 2*58 per cent, after lying in water for 70 days. 

It is really difficult to obtain minerals quite free from iron. The colours, ranging 
from pale cream, yellow, red, and brown to black, are usually produced by iron 
oxide as the [)rcdominant tinctorial agent, for, as R. J. Haiiy remarked : “ When 
Nature takes up her brush, iron is almost always on her*palette.'’ Forsterite may 
be white, yellowish-white, greyish-white, or greenish-white, and it sometimes 
becomes yellow on exposure to air, cAving to the oxidation^)! the “ ferrous ” iron. 
The white and colourle.ss crystals-^e.^. those fron| Vesuvius --have been also called 
white olivine, or white peridote. The ferrous dxide in the published analyses of 
forsterite ranges from 0-22 up to 4-56 per cent. ; with higher proportions, the mineral 
passes into chrysolite or olivine. There is, however, no sharp line of demarcation, 
It would appear as if fayalite, Fe2Si04, and forsterite, Mg28i04, are the terminal 
members of a continuous series of solid soln. 

Near the beginning of the present era, chrysolite—xpvaos, gold ; Mdo^, a stone — 
was referred to by Pbny in his Historia naluralis (87. 42), and it is thought to refer 
to what is now called topaz, and his topaz refers to the present-day chrysolite. 
Some varieties of both are used as gem-stones. Chrysolite was referred to by the 
older writers : J. G. Wallerius,^ A. J. d’Argenville, A. Cronstedt, J. B. L. Rom4 de 
I’lsle, and F. de St. Fond. A. G. Werner applied the name t^vine, in reference to 
the olive-green colour of many specimens. According to R. J. PUuy, the term 
peridot is of unknown derivation, but it had been used for a long time by the 
French jewellers for chrysoUte. He showed that the three names referred to the 
one mineral. G. Romanovsky’s glinkite was shown by W. Beck to be nothing but 
chrysolite or olivine. V. Isk}^ studied the action of hydrochloric acid on glinkite. 
The term olivine is used not only for a specific mineral, but also for a group of ferro- 
magnesian orthosibcates of the general formula R"2Si04. The family includes 
forsterite, Mg2Si04; monticeUite, CaMgSi04; olivine peridote, or chrysolite, 
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(Mg,Fe)2Si04 ; hortomlite, (Fe,Mg,Mn)2Si04 ; faydite, Fe2Si04 ; tephroite, 
Mn2Si04 ; and roepperite, (Fe,MnZn)28i04. Calcium orthosilicate is sometimes 
called lime-olivine. 

Olivine is an essential constituent and characteristic mineral of many basic 
rocks. It is commonly developed in the less siliceous magmas and lavas. It is 
rarely found crystallized on a larg^scale, but well-defined, small crystals are common 
in basic eruptive rocks like basalt, limburgites, peridotites, and gabbros. It is 
less common in trachytes, andesites, and dacites. Olivine is the predominant 
mineral in some ultra-basic rocks, and, associated with diallage or bronzite, may 
form an olivine-rock. At the Dun Mt. in New Zealand, it is associated with 
chromite, forming a mass of rock called dunite. Olivine is a common constituent of 
meteorites. Numerous analyses have been reported.-^ The silica in the analyses 
ranges from 36‘72-42'81 per cent. ; the magnesia, from 28‘48-51'64 per cent. ; 
and the ferrous oxide, from 5*01-29-96 per cent. If the formula be (Mg,Fe)2Si04, 
the ratio Mg : Fe ranges from 9:1 to ' about 2:1. G. Oesaro agreed with 
G. Tschermak in consideritig olivine to be an oxymetasilicate : 


A. Damour ^ described a peridot titanifke, or titanolivine, of a deep yellow or red 
colour containing 5-6 per cent. TiO^*. It was discussed by A. Lacroix, and 
L. Brugnatelli ; its composition is represented (Mg,Fe)2(Si,Ti)04. 

P. Berthier ^ first synthesized olivine by simply fusing a mixture of the con- 
stituent oxides. F. Fouque and A. Michel-Levy obtained it by fusing a mixture 
of magnesia, silica, and ferrous ammonium sulphate ; A. Daubree, by recrystalliza- 
tion from fused meteorites, magnesian eruptive rocks, and serpentine ; and also 
by the partial o.xidation of an iron silicide and subsequent fusion of the product : 
V. Poschl, fused mixtures of silica, iron carbonate, and magnesium carbonate. 
He also made a partial study of the binary system, Mg2Si04-Fe2Si04 {vide infra), 
and of the t(Tnary system, Mg2Si04-FeoSi04-('a2Si04. (/. Doelter made olivine 
by fusing hornblende with calcium and magnesium chlorides; G. Lechartier, by 
fusing silica, magnesia, and calcium chloride and some iron compound ; P. Haute- 
fmiille, by fusing silica, nfiignesia, and magnesium chloride in a similar way ; and 
likewise also J. J. Ebelmeu, by fusing together silica, magnesia, iron oxide, boric 
acid, and potassium tartrate. H. H. Reitet fused mixtures of albite, nephalite, 
augite, olivine, and magnetite in different proportions, and observed that olivine 
separates along with several other minerals when the mass cools. C. Doelter 
obtained olivine among the products of the fusion of biotite, vesuvianite, tourmaline, 
olinichlore, and garnet. G, vom Rath found some crystals of olivine formed in the 
mantle of a blast furnace ; P. W. Jerom^eff, in some cast-iron ; and J. H. L. Vogt, 
and F. W. Riisborg, in some blast furnace slags. 

Ihe ooloui of olivine is commonly olive-green, but it is sometimes brownish 
or greyish-red, or greyish-green ; and its colour may change on exposure to air 
owing to oxidation of the ferrous iron. The lustre is usually vitreous. The 
crystals have been measured by G. vom Rath,® V. von Zepharovich, A. Scacchi, 
H. Traube, G. Rose, F. A. Quenstedt, W. Haidinger, M. F. Heddlc, etc. The 
crystals belong to the rhombic system, with axial ratios o : 6 : c=0*4658 : 1 : 0*5865. 
A. des (lloizeaux found the optic axial angle to be 87® 46'. F. Rinne and co-workers, 
N. Alsen and G. Aminoff, and C. Berndt have obtained the X*radiogram of olivine ; 
but the space-lattice has not been established. According to C. Berndt, the 
elementary parallelopiped has the dimensions o= 4*84x1 cm., 6=10*40x10“® 
cm., and c=6* lOx 10^® cm. The lattice is occupied only at the corners, and there 
are 4 molecules Mg2Si04 in each unit ; it docs not appear to be either an ortho- 
or a meta-silicate, but rather 4(Mg0.Mg0.Si02). The speed of crystallization at 
different temp, has been measured by E. Kittl. He found that the speed ol 
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crystallisation shows a sharp maximum at about 1370°, 20® above the temp, at 
which the crystallization of the glass begins ; and’he estimated that in tlie crystal- 
lization of the glass MgFeSi04, there are 130,000 centres of 
crystallization per sq. cm. ; with the glass 5Mg2Si04.Fe28i04, 

430,000 centres ; and with 9Mg2Si04.Fe2Si04, 250 centres. 

The cleavage of olivine is distinct. Fig. 85 shows diagram- 
matically a trausverserfcction of a prismatic crystal of olivine 
with obtuse angles 94® and acute angles 86®. The outer 
dotted line is the primary form. The broken lines are the 
rectangular cleavage. Most of those who have analyzed 
olivine also measured the specific gravity. In general, the 
sp. gr. rises with increasing iron content ; thus : 



Temperdture 
84. — EtTecit of 
Temperature on the 
Speed of Crystalliza- 
tion of Olivine. 


Ter cent. EoO 
Sp. gr. 


501 

3-261 


9 90 
3-360 


14 06 
3-336 


174 5 
3-479 


29-96 

3-566 


44-37 
3 910 


There are a few discrepancies dependent, in part, on the nature of the impurities 
associated with the olivine. The hardness is about 7. *Thc 
m.p. varies markedly with the proportion of iron. The 
more ferruginous olivines are decomposed at a high temp^ 
and the ferrous oxide is transformed into ferrosic oxide. 

Hence, the m.p. determination loses its signiticance. V. Poschl 
found for mixtures of forsterite and fayalite, -/.c. of magne- 
sium and ferrous orthosilicates, • 


Mg 2 S 04 . 100 

Sp.gr. . 3-11 

M.p. mean 1600" 


90 
3 16 
1350’ 


80 
3 30 
1332" 


70 60 per cent. 

3 36 3 40 

1322^ 1350"" 



K. Thaddecff, and A. Moit<‘SHicr have studied the behaviour i-anayemo 

of olivine when heated in an oxidizing atm. The former Olivine, 

found only tliree-fifths of the ferrous oxide was converted to ferric oxide. 
A. Brun’s value for the m.p., oiz, 1750®, is too high ; (J. Doeltcr found 1360®- 
1410®, for a speeiiiKMi from Kapfonstein; 1395 ’-1430® for one from Sondmore ; 
1310 -1315®, for one from 8omma ; and 1395®-1445®, for one from Egypt. 
A. des Cloizeaux gave for the indices o! refraction tt-=l-661, j3-=l'678, and 
y--i’697. H. Backlund, M. Stark, N. H. Magiimsson, and 8. L. Penfield and 
E. H. horbes investigated the relation between the proportion of contained iron and 
the optical properties. II. Backlund gave the results indicated in Table XVI. 
M. btark found the axial angle decreases with increasing proportions of iron. 
8. C. Lind and D. C. Bardwell found no changj; 4 )f colour or thermoluminescenco 
when peridote is exposed to radium radiations. 


Table XVI. — Effect of the Proportions of Iron on the liKiRAcxiVE Indices of 

Olivine. 


Occurrence. 

Molar per 
cent. FejSl04 

a 


Y 

y-et 

Ural . 

0-12 

1-6361 

1-6619 

1 -6698 

0 0337 

Somma 

2 20 

1 6.386 

1 6544 

1-6719 

3)0323 

Wind Matrey 

7-36 

I -6607 

1 -6669 

1 -6866 

0-0349 

Kosakoff 

9-48 

1-6526 

1-6691 

1-6884 

0-0368 

Kapfonst^un . 

9-57 

I 6533 

1-6705 

1-6887 

0-0364 

V'^esuvms 

9-88 

1 6548 

1-6719 

1-6919 

0-0371 

Pallaseisen . 

12-48 

1-6662 

1-0726 

1-6921 

0 0369 

Kammerbiihl 

16-42 

1-0649 

1-6830 

1-7015 

0 0366 

Vesuvius 

17-26 

1-6674 

1-6802 

1-7063 1 

i 0-0379 

Itkal (glinkite) 

19-85 

1-6694 

1 -6878 

1-7067 : 

0 0373 

Skurruvaaely 

22-53 

1-6775 

1-6974 

1-7163 

0-0388 

LimbeiTj (hyalosiderito) , 

33-92 

— 

1-7276 

1-7420 



Hortonolit© . 

67-46 

1 7684 , 

1-7915 

1-8031 i 

00347 

Eayalit© 

98-40 

1 8236 

1-8642 

1-8736 

0-0600 
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F. von Kobell found that olivine is gelatinized when treated with sulphuric acid. 
Olivine is quite soluble in cone, hydrochloric acid, and the most ferruginous varieties 
dissolve fastest. The silicic acid which separates is granular. G. Tschermak said 
that it is meta- not ortho-silicic acid. V. Iskyul studied this subject. G. Lewin- 
stein found that there is a 22*6 per cent, undissolved residue when olivine from 
Ihringen is treated with hydrochloric acid ; and he analyzed the part which passed 
into soln. C. F. Rammelsberg made some observations on this subject. 

F. W. Clarke and E. A. Schneider treated olivine at 383°- 41 2° with dry hydrogen 
chloride, and observed but a small proportion to be decomposed. G. A. Kenngott, 
and F. Cornu observed that powdered olivine has an alkaline reaction. R. Muller, 
E. W. Hoffmann, and A. Johnstone found that olivine is decomposed by carbonated 
water. H. Lotz studied the effect of air charged with sulphur dioxide on olivine. 
E. C. Sullivan studied the basic exchange which occurs with olivine in contact with 
soln. of cupric sulphate. V. Iskyul studied the solubility of silica in forsterite, 
olivine, and glinkite. Olivine readily weathers on exposure; serpentine and 
talc appear to be formed. The subject has been discussed by S. Hillebrand,'^ 

G. Tschermak, P. V. von Jerem^eff, B. Kolenko, W. Lindgren, J. F. Gmelin, 

K. A. Rcdlich, F. L. Hess, J. Roth, K. Busz, F. Becke, C. G. C. Bischof, 
A. E. Tdrnebohm, C. R. van Hise, A. M. Finlayson, etc. C. Madelung,® 
J. R. Blum, and C. Doclter described the partial conversion of olivine into 
carbonate. 

The mineral villamte fouiul by A. Dufr^noy ' at Traversella and named after M. Villars 
is a serpen tini/ed olivine. It has also been doscribetl by L. K, Fellenhorg, L. Heffter, 

L. puparc and F. l^earcro, A. Laeroix, A. des (’loizeaux, and VV. T. Schaller. The so-called 
id(ling«it6 is possibly a similar protluct.^® M. F. Hoddle described a mineral wliich he 
i'ial\(xl/e,n’U(\ It was considered to be an olivine largely transformed into ferric oxide, etc. 
Similar products were described by A. Moitessior, F. Qomiard, K.Thadd6off, and A. Liebrich, 
The matricite of N. 0. Holst found at Krangrufva, Sweden, is a variety of olivine which 
has been weathered. 
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§ 28. Magnesium Metasilicates 

Magne.siuin nietasilirate introduec.s two rla-ssos of minerals- the pyroxenes and 
the amphiboles. The name pyroxene was originally a])plied by R. J. Haiiy ^ to 
some greenish ervstala wliich had been found in the lavas of Vesuvius, Etna, and 
Auvergne. He intended to indicate that the crystals w^ere only accidentally caught 
up in the lavas which contained tlicm — irvp, fire ; ^eVos, a stranger— -but in reality 
the pyroxenes come next to the felspars in their abundant distribution in ipeous 
rocks. Many different minerals have been called pyroxene, and the terra is now 
used for a whole group of minerals which have a cleavage of about 88 °, and which, 
excepting where they conta-in alumina, have the general metasilicate formula 
M^SiOg. These minerals also pass into one another by a continuous series of solid 
soln. They include minerals belonging to three different 8y.stems, 

The rhombic pyroxenes include enstaiUc, MgSiOa; hivnzite. and hypersthene, 
(Mg,F«')8iOj. Tiie monoelioie pyroxenes include wollmtonite, CaSiOj; diopsid^, 
MgCafSiOj), ; sahlite, (Mg.FeK’afBiO,), ; hedenbergite, FoCa(SiO,), ; schoffmte, 
(Mg.Fo){(XMn)(SiOj), ; jeffersoniie, (Mg,Fe.Zn)(Ca,Mn){SiO j), ; augite, (Mg.Fe)Ca{SiO,)| ; 
fassaiie, (Mg,Fe)(Al,Fe),SiO,; spodumene, (Li,Na)Al(SiOj), ; acinite, NaFetSiOj), ; and 



SILICON 391 

Na,Ca,(SiO,),. The tllelinlo pyroxenw include r^odont/e, MuSiO# ; 6u«famt/c, 
(Mn,Ca)SiOj; fowlerite, (Mn,Fe,Ca,ZB)SiO,; habington^ {CajFe" 9 ,Mn»Fe'",)( 8 i 03 ) 3 . 

The term amphibole— from ufx<fil^oX.oi, doubtful— was applied by R. J. Haliy 
to replace schorl, an old mining term previously applied to black tourmaline, 
hornblende, etc. The word is now used for a whole group of minerals related to 
the pyroxenes in being represented, except where alumina is present, by the general 
metasilicate formula M"Si03, and they likewise pass one into the other by a series 
of solid soln. The cleavage angle of the amphiboles is about 57° instead of 87“ 
as with the pyroxenes. Like the pyroxenes, the amphiboles include minerals belong- 
ing to three different systems. 

The rhombic amphiboles are rare. Thej’^ include atUhophyllite, (Mg,F(t)SiOj ; and 
gedrite, 2(MK,Fo)Si()3.MgAl,Si05. The monoclinlo amphiboles are common. They 
include cummingtomtc, {Fe,Mg)SiOj; dannernorUe, (Fe,Mg,Mn)Si()3 ; richttrite, 
(K„Na2,Mg,Ca,Mn)SiOj ; trcmohtc, Mg3Ca(SiO,)4 ; actuholxte, (Mg.Fe)sFn(8i()3)4 ; /*orn- 
bhnde,, (.Mg,Fe)aCa(Si03)4 ; edenUe, Na3Alj(Si03)4 ; pargasite, (Mg,Fo)2(.Vl,Fo)4(Si(),)j ; 
arfvedsontte, (Na2,Ca,Fe)4(Si()3)4, and ((:a,Mg)j(Al,Fe)4(Si()4)f, and the mlatfxl barkwikitf ; 
glaucophane, NaAlSijO*, or (Fe,Mg)SiO,; nebrckite, NaFeSigO,; jtulcUc, NaAl(Si(>3),. 
Trlollnio amphibole is rare, and is represented by cenigniatite, Na4Fo,(AJ,Fo)j(SiTi)i,033. 

According to E. T. Allen and co-workers, 2 magnesium* metasilicate, MgSiO.), 
is tctramorphous. The different forms represent the end-members of four series 
of solid solii. represented by natural minerals. Two belong to the pyroxene family, 
and two to the amphibole family. Each of these families is represented by 
magnesium metasilicates which crystallize in the rhombic and monoclinic systems. 
They can b(; classed : 


Magnesium motasilicab's 


I T\vroxonic 
I.Vmphibolic 


( rhombic 
( monoclinic . 
I rhombic 
I monoclinic . 


Enstatite 

Cllnoenstatlte 

Anthophyllite 

Clinoanthophyllite 


A fifth rhombic form, called a-mujnesium mclasilicate, was reported by E. T. Allen 
and co-workers to bo an enantiomorphic variety of ordinary clinoenstatite, which 
they called p-iruujnesium metasilicate. The transition temp, was given as 1305“. 
N. L. Bow'en and 0. Andensen, however, showed that the alleged a-MgSi03 is really 
a product of the dissociation of clinoenstatite at 1557°, b^^ihg therefore magnesium 
orthosilicate, i.e. forsterite, and not a form of the metasilicate : 2Mg8i03^Mg2Si04 
-1-Si02. On account of the breakingtup of clinoenstatite into forsterite and liquid, 
there is no eutectic between these two compounds, Fig. 1(f) ; but, on cooling the 
liquids, there is a complete or partial re-soluti#n* of forsterite at 1557°, and clino- 
enstatite is formed. 

Native magnesium metasilicate free from iron is scarce. The name enstatite 
was applied by 0. A. Kenngott to a white, yellowish, greyish, or greenish white 
mineral which he found in the Zdjar Mt., Moravia, and which had been previously 
regarded as seapolite. The term enstatite— cwtutt/v', an opponoutr- was int/cnded to 
refer to its refractoriness. He noted the close chemical relationship between it and 
the rhombic p3nroxene8 : bronzite, and hypersthene. The dark brown, or greyish, or 
greenish-black mineral designated labr^orische Hornblende by A. G. Wemer, and 
L. A. Emmerling, was recognized by R. J. Hatty, in 1803, to be diffe.rent from 
hornblende, and he accordingly renamed it h3rper8th0ne, from vTrtp, very ; oBivr^i, 
strong, in reference to its exceeding hornblende in hardness or tougnness. He had 
previously called the mineral diaUage metalloHe. A. G. Werner named th^ hyper- 
sthene from Paul Island, Labrador, paulite. The term bronzite was used by 
D. L. G. Karsten and M. H. Klaproth for a mineral with a bronze metallic lustre 
obtained from Stju-ia. R. J. Hatty referred to it as being une vari^tt fibro-laminaire 
mStalUnde d refiets bronzSs. A. Breithaupt, F. Mohs, E. F. Glocker, W. Haidinger, 
J. F. Hausmann, C. Hartmann, etc., referred paulite and bronzite to the same 
mineral species. 
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About 1869, 0. vora Rath described crystals of a rhombic pyroxene which he obtained 
from the volcanic ejecta at Lake L^ch, and which he called amblystegite—dfi^Xtis, blunt ; 
(rriyrit dome, in reference to the form of the crystals. He later identified this with 
hypersthene. S. Meimier called the enstatite from a meteorite at Deesa, Chile, victorite, 
in honour of Victor Meunier. C. U. Shepard described crystals of what he regarded as 
magnesium trisilicate, and named rhladnite, which he found in a meteorite at Bishopville, 
South Carolina, The observations of 0. S, von Waltershausen, J. L, Smith, C. F. Rammels- 
berg, and 0. A. Kenngott showed that chladnite is essentially enstatite. G, Rose called 
the mineral shepardite, but this term had been previously applied to another mineral by 
W. Haidinger in 1847. 0. Tsebermak separate from tlio same mineral a ferruginous 
pyroxene, like bronzite, which he named diogmite, after Diogenes of Apollonia. The 
azaboitfi of A. Koch, and A, von Lasaulx was shown by J. A. Krenner, and F. Koch to be 
liypersthene. The schiller-spar of Baste in the Harz, etc. , was described by M. F. Heddle, 
F, W, H. von Trebra, C. Heyer, F. Kohler, J. F. Gmelin, J. C, Freiesleben, W. Hetzer, 

F. Pisani, D. L. G. Karsten, L. A. Emmerling, R. J. Haiiy, A. J. M. Brochant, J. F. Haus- 
mann, G. A. Kenngott, K. Johannson, A, Breithaupt, A, G. Werner, F. Mohs, etc. 
W. Haidinger called it hastite. G. Rose showed that schiller-spar is probably an alteration 
product of a mineral of the pyroxene group. This was confirmed by F, KOhler, 
J. A. Drappior, H, Girard, A. Baentsch, and A. Strong. The fresh mineral was called 
protohaatite. and regarded as‘ being allied to bronzite. M. Websky, G. Tsebermak, and 
Hl, Rosenbusch sliowed that there are no real reasons for regarding protohaatite and enstatite 
as distinct mineral species. A. Breithaupt applied tlie term phaatine to an alteration pro- 
duct of bronzite or a brou/e-like pyroxene. A similar view was taken by A. (fes Cloizeaux, 

G. Twdiennak, and R. von Drosche. A yellow pyroxene with a mother-of-pearl lustre, 
obtained liy A. Breithaupt from the serpentine at Matrey, Tyrol, etc., was called diaclase 
— or, according to .7. F, Hausmann, dmclaaitr—bik, through ; KXaaros, broken. 
A. G. Wemor called it achHkratein ; J. C, Freiesleben, yellow schiller-spar ; R. J. Haiiy, 
diallage verte ; and J, F. Hausmann, falc-liko hornblende. F, Kbhler, A. Strong, 
C. F. Raminelsborg, A. des Cloizeaux, M. Websky, etc., made some observations on the 
mineral and co-ordinated it with enstatite or hypersthene. The gemarite of A. Breithaupt 
is a slightly altered hypersthene. J. L. Smith applied the term peckhannte, after S. F, Peck- 
ham, to some rounded nodules he found in the meteorite of Estherville, Iowa. It is not 
clear if this is a mixture of enstatite and, say, olivine. G. Tschermak gave the name 
grahamile to tlio mixture, presumably, of plagioelase, enstatite, and olivine, which occurred 
in a meteorite from Sierra de Chaco ; and S. Meunier, logronile to that in a meteorite at 
Harea, Logrono, Spain. 0. U. Shepard found what appeared to be a hydrated bronzite 
which he cal loti antillUe. Its composition approached that of serpentine. 

C. Hintzo has given a list of tlie many places where enstatite, bronzite, and hypersthene 
have been reportetl, and they include nearly all countries on earth— in ICngland and 
Scotland,* Germany,* Hungary,* Austria,* Italy,’ Portugal,* Spain,* France,^* Santorin,ii 
Norway,'* Sweden,'* Finland,'* Urals,'* Siberia,'* Russia,'’ Cracow,'* Persia,'* Sumatra 
and Borneo,** Japan,*' Soutji America,” United States,** Canada,*' Labrador,** Green- 
land,” Africa,*’ and New Zealand.** The occurrence of enstatite, bronzite, or hypers- 
theno in meteorites has been investigated by C. U. Shepard,** N. S. Maskelyne, 
G. Tschermak, ek, , * 

Analyses are given by most df«t]ie authorities quoted in connection with the 
occurrence of the mineral. The magnesia content of enstatite varies from 297“ 
4r8 per cent. : the silica from 54*0-62*1 per cent.; the ferrous oxide from 0*21- 
4*5 per cent. ; the alumina from mere traces up to about 3 per cent. A little alkali, 
manganese o,\ide, nickel oxide, chromic oxide, sulphate, phosphate, carbonate, and 
water may also be present. In bronzites and hypersthenes, the magnesia ranges 
from about 15 -30 per cent. ; the silica from about 50-58 per cent. ; the ferrous oxide 
from 5-25 ])er cent. ; the alumina from mere traces to about 5 per cent., although 
there are* a few with alumina ranging up to that of the aluminous pyroxenes, say, 
10 per cent. Eliminating what are thought to be accidental contaminations, there 
appears to be a continuous series of solid soln., with magnesium metasilicate and 
ferrous metasilicate as terminal members. The term enstatite is applied to the forms 
near the magnesium silicat e end of the series. There is no sharp line of demarcation 
between enstatite and hypersthene. Bronzite is usually considered to be inter- 
mediate between enstatite and hypersthene ; but, the affixing of a lower limit for 
the proportion of ferrous oxide for bronzite and hypersthene is quite an arbitrary 
convention. The general formula may therefore be written (MgjFejSiOs ; and in 
the tables of analyses, the ratio Mg : Fe in enstatite, and bronzite ranges from 8 : 1 
to about 3:1; while in hypersthene, this ratio falls from 3 : 1 to nearly 1:1. Some- 
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what similar suggestions were made by A. des Cloizeaux,*® G. A. Kenugott, 
G. Tschemiak, etc. C. Hintze considers the two minerals enstatite and hypersthene, 
and applies the term bronzite only to those varieties showing schillerization. 

E. T. Allen, F. E. Wright, and J. K. Clement prepar^ rhombic enstatite, or 
magnesium metasilicate free from iron oxide, by suddenly quenching the thoroughly 
molten metasilicate glass in water ; and afterwards annealing the glass in fragments 
of about 10 grms. between 1000° and 1 100°. The crystallization begins at the surface 
and proceeds inwards with a rise of temp. The outer portion contracts, and 
squeezesout the liquid interior, forming hollow, rounded projections which crystallize 
last. If the temp, be 1125° or higher, the rhombic enstatite is accompanied by the 
monoclinic form, and this the more the higher the temp. ; over 1300°, nearly all 
the product is monoclinic. M. Schmidt claimed that when the glass is rapidly cooled 
the monoclinic form predominates, anH if slowly cooled a smaller proportion is 
formed. E. T. Allen and co-workers also point out that the alleged syntheses of 
c^^tatite by J. J. Ebelmen, P. Hautefeuille, and S. Meunier were afterwards shown 
by F. Fouque and A. Michel-Levy, and J. H. L. Vogt, “to be really clinoenstatite. 
A. Daubroe melted portions of meteorites, but obtained crystals too opaque to 
determine their optical properties— monocliuic or rhombic. He also melted a 
mixture of olivine and 15 per cent, of silica, and obtained a fibrous mass with the 
properties of enstatite. E. T. Allen and co-workers, however, found that clino- 
enstatite is formed under these conditions. F. Fouque and A. Michel-L(5vy prepared 
rhombic enstatite, mixed with but a small amount of the monoclinic form, by melting 
and rapidly cooling a mixture of 12 grms. of silica, 3 grms. of magnesia, and 5 grms. 
of ferric oxide. The cold cake contained arborescent crystals which dev(doped into 
needles with parallel extinction when reheated at a temp, just over the m.p. of 
copper. J. Morozewicz obtained rhombic enstatite in his experiments on the 
synthesis of ba.salt. J. H. L. Vogt, and W. Wahl suggested that the prodiiction of 
the monoclinic form is favoured by the presence of ferrous oxide, and calcium oxide. 

The colour of the crystals is largely determined by the contained iron and 
varies from a brownish-green, olive-green, greenish-brown, or black, or greenish, 
greyi.sh, or yellowish white. The lustre may be glassy, mother-of-pearl, or metallic. 
The en.statite prepared by E. T. Allen and co-workers was obtained only in fibrous 
aggregates and radial spheriilites which did not admit of the measurement of the 
morphologic constants. The direction of elongation of“the fibres in the spherules 
was not that of the prism axis, but parallel to that of the greater ellipsoidal axis. 
The crystals of the minerals enstatite, oronzite, and hypersthene have been measured 
by C. F. Kammelsberg, B. Weigand, F. Becke, H. Bucking, H. Soramerlad, A. deg 
Cloizoaux, A. Schmidt, J. A. Krcnner, G. H. Williams, W. C. Brdggcr and 
H. 11. Reusch, H. Rosenbusch, Y. Kikuchi, N. V. Ussing, V. von Lang, etc. 
According to G. vom Rath, the rhombic (HTStals have the axial ratios a \ h\c 
=0'97133 ; 1 : 0'570(X), E. T. Allen and co-workers found the cleavage of artificial 
enstatite to be well marked, making an angle approximately 90°. The optic axial 
angle ranged from 44°-70°. G. Tschermak found the axial angle depends on tho 
proportion of contained iron. Thus, for yellow light (and for red light in the case 
of those marked *) : 

Percent. FeO . 2 76 5 77 9-86 15 14 19-7() 27 70 3300 

Axial angle . .*133^8' ♦123'' 38' 106“ 51' 98“ 0' 84“ 18' 79“ 48' 69“ 20' 

According to A. des Cloizeaux, raising the temp, to about 75° prodqped no 
perceptible change in the angles of tho optic axes. C. Berndt studied the 
X-radiogTam of olivine. E. Kittl found sharp maxima in the variation of the 
Speed of crystallization of bronzite and hypersthene with temp, as illustrated 
in Fi^. 86 and 87. He estimated that during crystallization with magnesium 
metasilicate there are 930 centres of crystallization per sq. cm. ; with bronzite, 
14 per sq. cm. 

The spedfle gravity of artificial enstatite, free from the monoclinic variety, was 
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found by E. T. Allen and co-workers to be 3‘175 at 25®. The sp, gr. of many of 
the specimens of enstatite and bronzite, indicated above, were determined, 
and, as a rule, the sp. gr. has a tendency to rise as the proportion of the contained 
iron increases ; 

Percent. FeO , . .0-90 6-44 ISO 19 ‘84 26 ’93 

Sp.gr. .... 3-217 3-308 3333 3*487 3‘631 


There are, however, inaiiy apparent exceptions due to,the presence of impurities, 
differences in the method of determination, etc. The hardness ranges from 5-6. 

L. H. Adams and E. D. William- 



Temperdture fmperdture 


Pios. 86 and 87.~-E(Tect of Temperature on the 
Speed of (-rystallization of Prori7,it.e and Hypers- 
thene. 


son found the compressibility of 

enstatite, {MgSi04)g8(FeSi03)i2, to 
be j8— 1*03x10”® between 0 and 
10, (XX) raegabars press. ; and forhy- 
persthene, (MgSi03)7o(FeSi03)^, 
jd~l‘01xl0~® between 0 and 
10,000 megabars press. J. Joly 
gave 0*179 for the specific heat of 
hypersthene between 13*3“ and 
1(X)°; and R. Ullrich, 0*1914 
between 19“ and 98°. W. P. White 
gave for the mean atomic heat of 


magnesium mctasilicate, MgSiOs, 
4*42atl00°;5*2r)at30()°; 5*62at500°; 5*87 at 700°; and 6*04 at 900°. E.T. Allen 


and co-workerp gave 1521° for the melting point of artificial enstatite. C. Doelter 


gave J380°-14(X)° for the m.p. of enstatite ; and 1330°'-1380° for bronzite ; J. Joly 
gave for bronzite, 1300°; R. Cusack, 1295°; and A. L. Fletcher, 1345°. 
V. S. polcano gave 1500° for the m.p. of enstatite; and Y. Yamashita and 
M. Majima gave 1459° for the m.p. of bronzite. According to N. L. Bowen and 
0. Andersen, magnesium metasilicatc has no true m.p. where solid MgSi03 is in 
equilibrium with a liquid of its own composition. There is a strong absorption of 
heat at 1557°, but this is not the m.p., for at that temp, the metasilicate dissociates 
into the orthosilicatc and liquid ; and the. dis.solution of the forsteritc is completed 
only by raising Uie temp, to about 1577°— wV/c Fig. 98. R. Lorenz and W. Herz 
studied the relation between the m.p. and the transition temp. ; and V. S. Deleano, 
the softening temp, of ^li.xturesof magnosiunTortho- and meta -silicates, and found : 


Per cent. Mg, SiO 4 . 80 '’-CO 40 30 20 10 0 

Softening temp. . . 1640*' 1605'^ 1620'^ 1480" 1600° 1605° 1600° 


E. T, Alien and co-workers found the indices ol retraction of artificial enstatite 
to be a -^ 1*640, j3"-l*G46, and 1*652, each + 0*004. The birefringence is not 
strong, about 0*01 . The optical character of enstatite is positive, that of hypersthene, 
negative. The extinction of enstatite is parallel, while that of the monocfinic variety 
is oblique. E. Mallard gave fur the mineral from Zdjar Mt., Moravia, with 2*76 
per cent;. FeO, a— 1*656, j3— 1*659, and y~l*665; and A. Michel-Levy and 
A. I^acroix, for a sample from Paul Island, Labrador, with about 22*6 per cent, of 
iron, a— 1*692, j9=l*702, and y—1’705. W. W. Coblentz found the ultra-red 
transmission spectrum gave a large absorption band at l*85fi, and smaller depres- 
sions at 2’9jLt and 5*2/x. The reflection spectrum shows a small maximum at 9*lp,. 
The pleochroism is dependent upon the proportion of contained iron ; it is scarcely 
perceptible in samples free from iron, G. Tschermak found that with a sample 
from Paul Island, with about 22*6 per cent, of FeO, a is hyacinth-red ; j5, reddish- 
yellow ; and y, greyish-green ; F. Becke gave for a sample from Bodenmais, 
Bavaria, with 18*6 per cent. FeO, a, dark reddish-brown ; j8, yellowish-brown ; 
and y, dark green ; while G. Tschermak gave for a sample from Kraubat, Styria, 
a, greenish-yellow ; ]8, grass-green ; and y, bluish-green. H. Rosenbusch also dis- 
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cussed this subject. The schilleriiation of the surface has been described by 
B. Kosmann, P. Trippke, H. Rosenbusch, and J. W. Judd. The schiUer is an inter- 
ference effect generaUy attributed to the presence of very thin films or scales of 
oxides or hydroxides of iron in the cleavage cracks — vide felspar. 

Hydrochloric acid has but little action on enstatite, but the effect becomes more 
and more marked as the proportion of iron increases. N. S. Maskelyne found that 
after an hour’s digestjon of a sample of enstatite from Bustee with HC1-I-H20, the 
liquid had 7’78 per cent, of jnatter in soln. ; 20 hrs.’ digestion of two other varieties 
gave 9'41 and 12 68 per cent.-— in the latter case, the sample was more ferruginous 
than in the former case. E. Cohen found that by 48 hrs.' digestion with fuming 
hydrochloric acid, 13 per cent, passed into soln. C, Hoelter passed hydrogen 
chloride over red-hot enstatite and anthophyllite, and only in the latter case was 
matter produced which was soluble in ^ater. C. Doelter digested enstatite and a 
10 per cent. soln. of sodium hydroxide in a sealed tube at 180° for 9 weeks, but no 
appreciable solvent action was observed ; with 12 hrs.’ digestion in a 12 })er cent, 
soln. of potassium hydroxide, 4 84 per cent, was dissolved.. The silica content of 
the residue decreased, while the manganese content remained unchanged, and the 
water content was raised about 4 per cent. By digesting artificial enstatite in 
2 bA'-NaOH, about 4 per cent, passed into soln. in 4 hrs. E. C. Snlbvan studied 
the basic exchange which occurs with olivine in contact with a soln. of cupric 
sulphate. C. U. van Hise discussed the transformation of bronzitc and hypersthene 
into talc by the action of water, or carbonic, acid. C. Simmonds found hypersthene 
to be only partially reduced by hydrogen at a red heat. 

As indicated above, the early syntheses of enstatite really produced inonoeliuic, 
not rhombic, crystals. J. J. Ebelmcn fused a mixture of silica, magnesia, and boric 
oxide. A. Haubree fused meteorites; magnesian eniyAive rocks; mixtures of 
olivine and silica ; and serpentine. W. Pukall obtained what was probably 
clinoenstatite by heating the right proportions of magnesia and silicic acid in a 
silver crucible. P. Hautefcuille dissolved amorphous silica in molten magnesium 
chloride. S. Meunier acted on magnesium vap. with silicon chloride and steam, 
h . Fouque and A. Michel-Levy, J. H. L. Vogt, and E. T. Allen and co-workers found 
that in all these cases the main product is monocluiic pyroxenic enstatite ; or, 
using the term suggested by W. Wahl, clinoenstatite. H. Michel detected clino- 
enstatite in meteorites. G. Zinko made it by fusing nrfixtures of magnesium and 
ferrous metasilicatea. He found that bismuth oxide, magnesium fluoride or chloride, 
or calcium fluoride had no effect as min^ralizateur. E. JT. Allen and co-workers 
•found that clinoenstatite is the most stable form of magnesium metasilicate. It is 
formed when the meta.silicate glass is allowed t6 crystallize at a little below 1521° ; 
and that it can be crystallized at lower temp, from soln. in molten sodium vanadate, 
magnesium vanadate, or magnesium tellurite. The three other forms of magnesium 
rnetasilicato pass into this variety when they are heated in molten magnesium 
chloride to about 10(X)°, and in a stream of dry hydrogen chloride. N. L. Bowen 
and 0. Andersen studied the synthesis of clinoenstatite. 

The Ciystals of clinoenstatite obtained by these dilfcrent processes are usually 
small ; those obtained from the glass appear as large spherubtic masses of radiating 
fibres. E. T. Allen and co-workers found that monoclinic crystals have the axial 
ratios a : h : c:=l'033 : 1 : 0-77 when those of rhombic crystals arc 10308 : 1 : 0-5886. 
F. Zambonini said that the crystals of clinoenstatite are identical with those of 
enstatite having the axial ratios a:b: c=l-0331 : 1 : 0-591 and ^=90° 4^,° ; but 
F. E. Wright does not agree. There is almost Always polysynthetic twinning after 
the orthopinacoid ; and it is very characteristic. Between crossed nicols, the 
sections frequently very closely resemble those of plagioclase. The cleavage is 
prismatic like that of the pyroxenes. The plane of the Optic axes is normal to the 
{010)-face, and in the plane of the clinopinacoid. The optic 83 ^ angle is large; 
P. E. Wright and E. S. Larson found 53’6°. The speoiflc gravity at 26°/25° is 
3- 192. The m.p. is indicated in connection with enstatite. E, T. Allen and 



INORGANIC AND THEORETICAL CHEMISTRY 


co-workers give 6 for the hardness ; and for the indices ot refraction, a=l’64 
j3=l‘652, and y=l*658, each +0003 ; N. L. Bowen and 0. Andersen gave a=l‘65 
and j3=l‘660, each +0-001. The birefringence is about 0-01. The extinctio] 
angle on the clinopinacoid is very low for a pyroxene, and for crystals with poly 
synthetic twinning—as is the case with felspars— the extinction angle 19'5'^-k-5* 
was obtained by using the symmetrical extinction angles of adjacent lamelb 
The crystals are only slightly attacked by acids. W. Pukall observed that no 
hydrate is formed when the metasilicate lies under wat«r for some time. Y. IskyuJ 
studied the action of hydrochloric acid on enstatite, and bronzite. 


J. A. Michaelson obtained a yellowish or reddish-brown, aiigite-like mineral from 
Liingban and J’ejsberg, Sweden, Jt was called ache^fferUe — after H, T. Scheffer — and 
desoribod by A. Breithnupt as tmllerian. It contained 50'88--52’28 per cent, SiO, ; 3'83- 
17 48 percent. FeO ; 9 08-1517 per cent, MgO ; 12’72-1962 per cent, CaO ; and6’67-8’32 
per cent, MnO, It is a monoclinic pyroxene, and probably a complex solid soln., not a 
chemical itidividual, A dark variety rich in iron was called emnache^erite by G. Flink, 
who represented his nnal’i^ses by the formula fiCaMg{Si 0 j),,MgFe(Si 03 ),. 2 MnSi 08 . 
C. Doeltor synthesized schofferite by crystallization from the molten constituents, 
Selief^erite is then regarded as a mixed monoclinic pyroxene. The optic axial angles were 
measured by G, Flink, an<i by J. Sioma, The latter gave for the sp, gr, 3 ’457-3 646, 
C. Doeltor gave 1200" -1*250'’ for the m.p. ; a —I ’660, and 7 = r698 for the indices of 
refraction ; and for the birefringence, 7-a-0 036. 

V. Schumacher di.scovered a mineral which occurred near Kongsberg, Norway, 
in thin long plates, and fibres, and which he named anthophyllite— from antho- 
phyllum, clove— in allusion to its clovc-brown colour. The name was abbreviated 
to antophyllile by D. L. G. Karsten. A. G. Werner referred to a slrahliyen antho- 
phyllite and a hldttmgen anthopliyllite, the latter was bronzite, and A. Broithaupt 
called the former antholite, and later anthogrammite. J. F, John made analyses of 
the mineral, and J. F. Gmclin showed by analysis that anthophyllite is a ferruginous 
magnesium silicate ; and A. des Cloizeaux, that its optical properties belong to a 
member of the rhombic system. E. 0. Sullivan studied the basic exchange with 
antliophyllite in contact with soln. of cupric sulphate. 

N. von Kokschnroff described a magnesian silicate from the Senarka River, Ural ; and 
it was also obtained from the Tunkinsk Mt. near Lake Baikal. K. Hermann reported a 
specimen from Minsk in the Ilmen Mts, It was named htpfferite after A, T Kupffer. 

N. von Kokscharoff said the k'upfferite occurs in rhombic prisms, and, according toC. Hintze, 
this, through a misunderstanding, was t-nken to mean tliat it belonged to the rliombic system. 
Thus, G, A. Kenngott, and E. S. Dana regarded i*; as the ampbil)ole analogue of enstatite. 
It was examined Ijy J, Ldlwnzen, K. T. Allen and J. K, Clement found that water is always 
present, not combined, but dissolved,, as in tremolite. A. dos Cloizeaux referred to an 
atnpliibole of the same chemical composition os anthophyllite as amphiholic-wUhophyllUe, 
A. Dufr^noy obtained a dork-coloured mineral analogous to anthopliyllite from the valley 
of H(^aH Dear GMres, France, and ho colled it gedrtie, A. des Cloizeaux sliowed that the 
optical properties of ge^lrite and anthophyllite are analogous. A. Breithaupt’s thalackerite 
is an anthophyllite from Greenland with a metallic lustre ; and A. Breithaupt, and 

F. Pisani’s manimite is an altered onthophyllite. Several liydrated and altered antho- 
phyllites have been d(«crib(Hl by T. Thomson, J. L. Smith and G. J. Brush, A. Lacroix, 
and M. F. He<ldle. The piddingtonite of W. Haidinger was found in the meteorite first 
described by H. Piddington, and is very close to anthophyllite in composition. 

Anthophyllite occurring in England and Scotland has been described by J. J. H. Teall, 
M. F. Heddle, and A. Lacroix; in Germany, by W. Beck, G. A. Kenngott, C. VV. von 
Giimbel, C. F. Ramraelsljcrg, A, Frenzel, and F. Becke ; in France, by A. P. Dufr6noy, 
A. Lacroix, W. Cross, C, Frietlel, F. Gonnard, and F, Pisani ; in Norway, by T. Scheerer, 
J. F. Gmelin, F. Pisani, L. Vopelias, C, C. von Leonhard, A. des Cloizeaux, H. Sjftgren, 
and A. Breithaupt ; in Finland, by F, J. Wiik ; in Austria, by J. Ippwi, F. Becke, and 
H. Commenda ; in Moravia, by G. Tsehermak, A. Brezina, W. C. Blasdale, and V. von 
Zepharovich ; in North America, by S. L. Penfield, J. R. Blum, J. Pratt, B, K. Emerson, 
T. Thomsen, N. N. Evans and J. A. Bancroft, and A. des Cloizeaux ; in Greenland, by 

O. BOggild, A. des Cloizeaux, H. Rose, M. Lappe, and N. V. Ussing ; and in the Urals, by 

G. Rose. 

Analyses have been made by many of the observers mentioned in connection with 
the occurrence of the mineral. E. T, Allen and J. K. Clement found kupferrite 
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Rthombic) containing nearly 4 per cent, of water which is slowly and continuously 
post by heating the mineral to about 900°. The water is assumed not to be chemically 
^Combined, but adsorbed or in solid solii. Eliminating wliat are considered to bo 
-accidental impurities, the idealized mineral ap|)ear8 to be rhombic magnesium meta> 
silicate of the amphibole type ; and the actual mineral, solid soln. of magnesium and 
ferrous metasilicates. The formula thus reduces to (Mg,Fe)Si03, where the ratio 
Mg : Fe ranges from ^ : 1 to 8 : 1. The relation between gedrite and anthophyllito 
may be likened to that between hypersthene and enstatite. In some cases, the 
gedrites carry up to about 1C per cent, of alumina, and the mineral becomes an 
aluminous amphibole, or it is present as an aluminosilicate, MgAl2Si0g. B. Gossner 
represented anthophyllite by [2Si02.Mg(0H)2l.CMgSi03 ; and gedrite, by 
[Si02.2A10(0H)J.CMgSi03. E. T. Allen and co-workers made rhombic amphibolic 
magnesium metasilicate, i.e. the end-term of the series of solid soln. or idealized 
anthophyllite, by rapidly cooling the molten magnesium silicate glass from a temp, 
over 1500° ; and then annealing the product between say 1177° and 1180°. The 
crystallization usually begins on the uj>per surface of tUb melt near the walls of the 
crucible, forming a fringe of converging fibres which grow towards the centre of the 
mass. The amphibolic form readily passes into monocljnic pyroxene with th(< 
evolution of heat. 

The colour of anthophyllite ranges through brownish-grey, yellowish-brown, 
brownish-green, emerald-green, and almost black. The artificial form is white 
and porcelainic. Anthophyllite sometimei shows a pearly lustre on the cleavage 
faces. It often occurs in lamellar or fibrous masses. Crystals are rare ; but 
they have the prismatic habit, and may occur in aggregates of prisms. The crystals 
belong to the rhombic system, and, according to S. L. Fenfield, they have the 
axial ratios a:h:c 0 5137 : 1 : ? with the prism angle 125° 27', while for an 
aluminous gedrite, N. V. Ussing gave for the axial ratios a:h: c— 0*5229 : 1 : ? 
with a prism angle of 124° 48'. E. T. Allen and co-workers obtained for the mag- 
nesium mctasilicate analogue, radical spherulites and fibrous aggregates, but 
crystals suitable for the measurement of the morphologic constants were not 
obtained. The cleavage of anthophyllite is prismatic and perfect ; and E. T. Allen 
and co-workers observed an indistinct cleavage at an angle of 120°. The plane of 
the optic axes lies parallel to the long direction ; the optic angle is large. 
A. (les Cloizeaux, and A. Michel-Levy and A. Lacroix iheasured the axial angles of 
anthophyllite, and found for 2H, for red light, 110° 49' to 112° 13J', and, for blue 
light, 109° 5' to 111° 5J' ; for red Ught 2V is 95° 8' to 96^12', and, for blue light, 
94° 14' to 95° 46'. S. L. Peufield gave 90° 4' for 2V for Li-light, 88° 46' for 
Na-light, and 87° 28' for Tl-light. N. V. Ussnig gave for a sample of gedrite 
2r~78° 33', and 2H, 89° 24' for red light, 89° 6' for yellow light, and 88° 45' for 
green light; N. L. Bowen gave 2K=88° 46'. The axial angle decreases with 
increasing iron and alumina content. A. des Cloizeaux observed no perceptible 
change in the axial angles by raising the temp, to 146'5°. H. Mark discussed the 
structure of the crystals. 

The spedfle gravity of the preparation of E. T. Allen and co-workers was 2*857 
at 25°. 8. L. Penfield gave 3 093 for the sp. gr. of anthophyllite with ,10*39 per 
cent. FeO. F. Pisani, 2*98 (12*40 per cent. FeO) ; M. F. Heddle, 3*068 (8*13 per 
cent. FeO) ; A. Dufr<Jnoy, 3*260 (45*83 per cent. FeO) ; F. Gonnard, 2 9-3*0 ; 
A. des Cloizeaux, 3*225 (28*9 per cent. FeO), etc. The hardness is 5*5-6 0. A. Brun 
gave 1150°-1230° for the rndting point of anthophyllite ; and C. Doelteu, 1326°- 
1340°. E. T. Allen and co-workers observed that the rhombic amphibolic type 
changes into clinoenstatite when heated to a sufficiently high temp. A similar 
result was obtained with enstatite. The change is sluggish. There were indi- 
cations of the change in a sample heated for 2 days between 1055° and 1077° ; 
but no change was observed in 20 hrs. at 1100° ; the change was observed after 
18 hrs.’ heating between 1120°-! 140° ; and all was changed after 3 days’ heating 
between 1127°-1153°. 
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The indices of refraction of anthophyllite were measured by A. des Cloizeaux. 
A. Michel-Levyand A. Lacroix founda— 1’633, 1‘642, y=:l‘657 ; and N. V.Ussing 

found for red light with gedrite, a-1'623, j3=l'63r)8, and y~l‘6439. S. L. Penfield 
gave for anthophyllite ^ -1-6276 with Li-light; j3=l'6353 with Na-light; and 
p-1'6495 with Tl-light. N. L. Bowen gave a~l’t)195, jS— 1*6301, and y=l‘6404. 
E. T. Allen and co-workers found for their amphibolic magnesium metasilicate, 
a ^ I -59 1 , and j8^ 1 '578, each ± 0'004. The birefringence isF approximately O'Ol 3, 
and the interference colours are confined to the bright' tints of the first and second 
orders. The extinction is usually parallel to the direction of elongation, though in 
a few cases a small angle of 3°-6“ was observed, indicating intergrowths of rhombic 
and monoclinic amphiboles. The optical character is positive— anthophyllite was 
found by A. des Cloizeaux to be optically positive for red, negative for yellow and 
green light ; while gedrite was found by N. V. Ussing to be optically negative. 
H. Rosenbu.sch found the plcochroism depends on the depth of colour. In the 
y-direction the colour is ^alc yellowish-brown, greenish, or colourless, and in the 
a and j3 directions clove-brown. 

Anthophyllite is not decomposed by acids. C. Doelter found that when 
{iowdered anthophyllite is exposed for 3 hrs. at a red heat to dry hydrogen chloride, 
about 3 per cent, becomes soluble. When treated with 2 per cent, hydrofluoric 
acid, about 46 ‘23 per cent, passed into soln. V. fskyul studied the action of hydro- 
cliloric acid, and the solubility of silica in enstatite, bronzite, and anthophyllite ; 
he found the silica solubility of the amphiboles is twice as great as that of the 
pyroxenes. C. R. van Hise discussed the transformation of anthophyllite into talc 
by the action of water. 

E. T, Allen and co-workers frequently found small quantities ot the monoclinic 
amphibolic form of magnesium metasilicate, clinoanthophyllite, when the glass is 
more or less rapidly cooled ; and when water is allowed to act on the rhombic form 
at 375°-475", the monoclinic form appears more abundantly. Well-formed crystals 
were not obtained. K. (!hrustscholf reported the synthesis of an aniphibole by 
heating a mixture of silicic acid, alumina, lime, magnesia, alkalies, ferrous and 
ferric oxides, and water in a glass vessel for 3 mons. at 550”. The kind of glass is 
not stated. As indicated above, N. vim Kokscharofi described the crystals of 
kupfferite as being monoclinic. E. T. Allen found that the maximum extinction 
angle is 1 1°, though more usually the angle i.s smaller, 4°-8°. The average refractive 
index is nearly the same as that of rhombic anthophyllite, and the birefringences 
are the same order of magnitude. 

There are cases of allotropy iiA '^hich two or more solids yield identical liquids, 
soil!., and vap. When one form passes without melting into another form at a 
definite temp. — called the inversion point, or the transition temperature — and the 
change is reversible, the substances are said to be enantiotropic allotropes— €Vamo 9 , 
opposite ; rporo?, habit. For example, the a- and jS-forms of sulphur ; wollastonite 
and pseudowollastonite, etc. In this case, J. H. van’t Hoff showed that the 
inversion of the form stable at the lower temp, to the second form is attended by 
an absorption of heat, and the reverse change occurs with an evolution of heat. 
The va{x press, relations are illustrated diagrammatically in Fig. 88, where T2 
represents the inversion temp., and Tj the m.p. ; aTih represents the vap. press, 
of the liquid ; dl^, the vap. press, of the solid stable below ; and T^Ti, the vap. 
press, of the solid stable above T^. The dotted lines represent mctastable states. 
Under -ordinary conditions, the line ar 2 does not intersect aTih, the solid stable 
at the lower temp, has no m.p. In another case of allotropy, when there is no 
such inversion temp., the change is irreversible, and one form is metastable at all 
temp, below the m.p., the substances are said to be monotropic allotropes, e.g. 
diamond and graphite, explosive antimony, etc. The vap. press, relations are 
illustrated diagramatically by Fig. 89, where Tj represents the m.p. of the stable 
form ; To, the m.p. of the unstable form ; aT^^b is the vap. press, curve of the 
liquid ; cT^, the vap. press, curve of the unstable solid ; and dT^, the vap. press. 
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|curve of the stable solid. For a given temp., the vap. press, of the unstable form 
I‘j8 always greater than that of the stable form ; * the two curves do not intersect 
below the m.p. of either form, and the two solids are not therefore in equilibrium at 
any temp. The solid with the lower vap. press, is the more stable form at all tern}). 
, The m.p. of the unstable form is therefore lower than that of the stable form. In 
practice the unstable form changes into the stable form before its own m.p. is 
reached. The tetramorphic forms of magnesium inetasilicates arc examples of 
monotropism. The case is. illustrated diagramraatically by Fig. 90, where clino- 
enstatite is the stable form. In view of Figs. 88 and 89, Fig. 90 explains itself. 
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§ 29. The Higher Silicates of Magnesidm 


The mlilite group of minerals (q.v.) belonging to tlie tetragonal sysU'in uicliulrvs 
a series of alumiuosilicat-es —melilite, a , complex aluminosilicate; gohlenite, 
3Ca0.Al203.2Si02 ; sarcolite, SCaO.Al^Os.SSiOg ; and velardenito, 21'a0.Al203.Hi02. 
J. H. L. Vogt 1 assumed that the idealized typo is akermanite named after 
R. Akerraan — which he represented by ICaO.SSiOo. The calcium oxid(‘ is in part 
replaced by magnesia or the oxides of manganese and iron. The mineral is formed 
during the rapid cooling of certain slags. A. L. Day and E. H. Sheplu'rd wc're unable 
to obtain any evidence of the formation of J. H. L. Vogt’s akermanite on the f.p. 
curves of fu.sed mixtures of lime and silica — Fig. 70. There is, therefore, no evidence 
of the existence of this compound other than J. H. L. Vogt’s analysis of the crystals 
in the slags which ran : Si02, 4:3‘17 per cent. ; AloOa, 3’43 ; MnO, 5*85 ; (’aO, 
37*89 ; MgO, 9 0. G. A. Rankin and F. E. Wright noted the similarity between 
some of the properties ascribed to akermanite, and those of the rhombic calcium 
orthodisilicate, 3Ca0.2Si02, which they prepared. W. T. Schaller emphasized the 
ternary nature of the minerals of the mclilite group, and he interpreted two analyses 
by F. Zambonini of a tetragonal Vciftivian mineral to me^i that the formula of 
akermanite is 8Ca0.4Mg0.9Si02. The graphic formula can be written : 


,, .O.R.Q O.R.O.. .. .0, 

^ a<o Si 0 


J. B. Ferguson and H, E. Merwin did not succeed in preparing a compound of 
this composition, but they did obtain magnesium dicalcium orthodisilicate, 
2Ca0.Mg0.2Si02, or Ca2MgSi207, and they suggest that this is the tru(5 formula 
of akermanite. The interpretation of F. Zambonini’s analyses require very little 
modification to fit them to this compound. The range of stability of thjs com- 
pound is indicated in Fig. 95, of the ternary system, MgO-CaO Si02*. The 
compound 2Ca0.Mg0.28i02 forms no appreciable solid soln. The l>inary systcni 
Ca0.Mg0.2Si02 and 2Ca0.Mg0.2Si02 has a eutectic at about 1360", and 42 per 
cent, of the latter component ; the binary system 2Ca0.Si02 and 2Ca0.MgQ,2Si02 
has a eutectic at about 1470", and 91 per cent, df the latter component ; while the 
system CaO.SiOa and 2Ca0.Mg0.2Si02 has a eutectic and a broken liquidus curve 
as illustrated in Fig. 91. V. Schumofi-Deleano and E. Dittler measured the speed 
of crystallization of fused melilite. 

The thin tabular crystals were found by J. H. L. Vogt to belong to the tetragonal 
system ; and to be isomorphous with melilite and gehlenite. W. T. Schaller gave 
3*12 for the sp. gr. of the mineral ; and J. B. Ferguson and A. F. Buddington 
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found for the artificial crystals, 2*944 at 25®, and 2*955 for the glass. It is unusual 
for a glass to have a greater sp. gr. than the corresponding crystals. They are 

optically positive. C. Hlawatsch 
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optically positive. C. Hlawatsch 
— I — — I studied the double refraction of 
akermanite. The indices of re- 
^ ' I \ III I 1 are w=l‘6332 and 

I <-1-639. .J. B. Ferguson and 

i ! 300 ° soil}/ vii J A fL Iv L L.L. L H- ^4 Merwin found that with 
I ’ I I ' I the synthetic material, the stubby, 

^ !i >7M prismatic crystals occasionaUy 

i,iOO'‘ Cd^ssolidsol" t lYl tave a definite octagonal cross- 

o \ (K CdSibi solid section ; and their index of refrac- 
zCdOMgOzSiCi 20 40 60 ^ 80 lOO a)=l’631, and €=1*638, 

CdSiO^ 100 80 60 40 20 0 ±0*002. J. B. Ferguson 

-Y, I, .... . , and A. F. Buddineton save for 

lio. 91. -Equilibrium ir^tlie Bmary System : MaJiabt -1-Aq9 on^l l-fi^Q • 

Ca8i()3-2CaO.Mg().2SiO,. JNa llglit w-l ana €-1 bjy , 

and the birefringence 0*007. The 
refractive index of the glass is 1*641 ±0*002. J. 11. L. Vogt gave 0*187 for the 
sp. ht. between 0*^ ana 100*^, and 1200^ for the in.p. ; R. Akerman gave 1310° ; 
J. H. L. Vogt, 1175°; and J. B. Ferguson and H. E. Merwin gave 1458° ±5° — 
vide hig. 90. R. Akerniann gave 404 cals, per gram for the total heat of fusion ; 
and C. Doelter, and J. H. Jj, Vogt gave 90 cals, for the latent heat of fusion. 
J. B. Ferguson and A. F. Buddinj^on studied the binary system Ca 2 MgSi 207 and 
gehlenite, Ca 2 Al 2 Si() 7 ~vw^e velardenite. 

J. B. Ferguson and H. E. Merwin- obtained evidence of the formation of 
dimagnesium pentacalcium hexasilicate, 5(>’a0.2Mg0.6Si02, in their study of the 
ternary system, CaO-MgO-Si02. The field in the diagram belongs to a series of 
solid soln. which are not stable at their m.p,, and which lie on or near the composition 
5Ca0.2Mg0.6Si02. The decomposition temp, of these solid soln. rise sharply as 
this composition is attained. The decomposition temp, is 1365° ±5°. The com- 
pound appears in irregular elongated grains with the optic axial angle, 2 F, about 

80 ; and the indices of refraction, a=l*621, j3=l*627, y==l*635. 

The mineral tremolile was mentioned by H. B. de Sau88ure,3 in 1796, as being 
obtained from Val Tremola, south of St. Gotthard. It is an amphibole. R. J. Haiiy 
called the mineral grammeUite, e'eat-d-dire, marquee d'une %ne— from ypaixfig, a 
line in reference to ajiiie in the direction of the longer diagonal which can be seen 
on transverse sections of some crystals. R. H. HaUy’s term is rarely used. 

a a gr^n mineral from Nordrnarken, Sweden, rala?nite-~hom KoAauoj, 

® ^ A- Breithaupt to be tremolite. T. Thomson’s 

I k Camida; E. Goldsmith s /terogroni/e from Edwards, St. Lawrence; 

7^”^8ott 8 norchnskjdldite from Ruscola, Lake Onega, are all considered to be 
varieties of tremolite. G. A. KCnig discussed the relation of hexagonite to tremolite. 


Many analyses have been reported.-^ These agree with the assumption that the 
ideahzed mineral is a calcium trimagnesium tetrametasilicate, CaMgofSiOo).. 
Trem^te do^ not appear among the phases formed in the ternary system, 
Mgl^UO-SiOg, Fig. 94, under the conditions studied by J. B. Ferguson and 
• j- course, does not mean that tremolite is not a chemical 

mdivijiual, for it may be a stable compound under another set of conditions. 
Ferrous oxide replaces up to aboht 3 per cent, of the magnesia. E. T. Allen, and 
J. Jk. Element showed that up to about 2*5 per cent, of water may be present. 
This wa^r is gradually lost on a rising temp, without any loss of homogeneity 
and mth but a slight change in the optical properties. The dehydration is not 
complete until the powdered mineral has been heated to 900°. The water is not 
chemK^lly combined, and is assumed to be adsorbed in solid soln. Tremolite 
vanes in colour from white to dark grey, and is sometimes water-clear and colourless. 
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It may occur in compact granular masses, in fibrous aggregates ; in long-bladed, 
short and stout, or thin-bladed crystals. L. H. Adams and K. D. Williamson found 
the compressibility, j8, of actinolite to bo jS— l*32xl0~^ between 0 and 10,000 
megabars press. A. des Cloizeaux, G. Flink, K. Zimanyi, A. Michel-Levy and 
A. Lacroix, and H. Rosenbusch have measured the optical properties of the crystals. 
The sp. gr. is 2‘9-3'l. A. L. Fletcher gave 1269°-1273® for the m.p. R. Cusack 
obtained a lower valut. The optic, axial angle, 2F, is 87®-88° ; and 2^-~99''“101®. 
The extinction angle is 16°*; and the indices of refraction a— 1'6065, j8~l‘6233, 
and y=l*6340. The optical character is negative. W. W. Coblentz found the 
ultra-red transmission spectrum has bands at 2*8, 4*8, 6, 7*4, and 8*2/i ; and the 
reflection spectrum has maxima at 8*7, 9*45, 10*03, and Up. G. A. Kenngott found 
that in contact with water the calcingd or uncalcined mineral has an alkaline 
reaction. 

When the ferrous oxide in tremolite approaches 3 per cent., it passes into tlie mineral 
actinolite, but there is no sharp line of demarcation. Tl»e feirous oxide is supposed to l)e 
present as ferrous trlealeium tetrametasilleate, Ca,Fe(SiO,) 4 , and to form a si>ries of solid 
soln. with tremolite proper, A. Cronstedt • called the mineral StriilskOrl ; and 
A. G. Werner, Strahlctein, which R. Kirwan translateii to actir\plite, from dfrriV, a ray ; 
and Ki6oi, stone. R. J. Haiiy used the tenn actinote ; and J. C. Delam^thene, scfiorl 
verte du Zillerihal, or zillerthite. Many analyses have l«en reported.* E. T. Allen and 
J. K. Clement found that actinolite contains up to about 3 per cent, of water, which is 
retained over 100“. The mineral is green, and it occurs in cry-stals os in tremolite, or 
fibrous, columnar, or ma.s8ive. The sp, gr. 4s 3 '0-3 2. The optical cocistants were 
investigated by A. des Cloizeaux, A. Michel-L^vy and A. Lacroix, and K; Zimsny ,* and 
the pleochroism, by A. Michel-L^vy and A. Lacroix, and G. Tscherrnak. R. t’usack 
gave 1272"-1288“ for the m.p. of green actinolite; and A. L. Fletcher, 1322'^ 1338“. 
E. Reymond studied the action of chlorine and of hydrogen chloride on actinolite ; and 
V. Iskyul, the action of hydrochloric acid, and the solubility of the silica in actinolite. 

A tough, compact, fine-grained tremolite or actinolite, varj'ing in colour from a cream 
to a dark green, is called nephrite— from yt<pp6s, a kidney — because it was formerly supposed 
to liave a medicinal value in diseases of the kidney. The term jade is applied generally 
to various mineral substances which have tlie appearance of nephrite, and jadeite. The 
latter is a kind of soda-spodumene {q.v.). Jade was used by early man for utensils and 
ornaments of great beauty and variety. Jade has been found among the relics of early 
man — e.g. in the remains of the lake-dwellers of Switzerland, at various pla<*es in France, 
in Mexico, Greece, Egypt, Asia Minor, etc. The quarries in Central Asia in the Kuen Hun 
Mts. have been worked by the Chinese for 2000 years. The areenstone ornaments of the 
Maoris of Now Zealand are made from nephrite. The subjoex has been much discussed.’ 
Numerous analyses have been reported.* The analyses liave been discussed by S. L. Fen- 
field, A. Damour, and L. Colomba. Thevrystals have been investigated by G. vom Rath, 
J. D. Dana, W. C. RrOgger, A. W. G. Bleock, M. Bauer, A. desYloizeaux, F. Borworth, 
etc. S. L. Fenfield gave for the axial ratios of the monoclinic crystals a :b : c 
= I 103 : 1 : 0-613, and j3-72“ 44^'. The microstructure has been studied by F. W. Clarke 
and G. F. Merrill, A. Arzruni, A. des Cloizeaux, E. Cohen, J. A. Krenner, etc. H. R. Bishop 
gave a collection of about 500 samples of nephrite, and 100 of jadeite. The average for 
nephrite is 2 '9505, and for jadeite, 3 3202. The hardness of nephrite is nearly 6 , ^d of 
jadeite, nearly 6 * 6 . The results of the impact test have been reporteti by H. R. Bishop, 
H. von Schlagintweit, and A. Rosival ; the crushing strength, by H. R. Bishop, and 
L. Jaezewsky ; the elastic constants, by H. R. Bishop, and W, Voigt ; the acoustic qualities, 
by H. R. Bishop. The optical properties have been investigated by A. des Cloizeaux, 
J. A. Krenner, E. Cohen, M. Bauer, A. Arzruni, A. Michel-L 6 vy and A. Lacroix, H. K. Bishop, 
L. Mrazec, S. Franchi and L. Colomba, etc. The fusibility has been studied by C 4 Doelter, 
V. 8 . Deleano, etc,, and the actions of acids and salt soln., by J. Lemberg. C. Doelter 
has compiled data pertaining to nephrite and jadeite. 
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158, 1881; J. A. Kremior, lFw«. Ergeb. Beise. des B, Szechenyi in Ostasicn, 3. 346, 1899; 
A. Michel L«3vy and A. Lacroix, Les minerauxdea roches, Pans, 266, 1888 ; H. von Schlagmtweit, 
Sitzber. Akad. Miinchen, 254, 1873; A. Rosival, Jahrb. Geol. Bmd^anst. IKtVn, 386, 1909; 
L. Jaezewsky, Froc. Buss. Min. Soc., 36. 13, 1897 ; 37. 66, 1899; V. S. Deleano, Centr. Min., 
221, 1913 ; U. Grubenmann, Die kristaUinen Schiefer, Berlin, 234, 1910 ; G. Piolti, Atti Acead. 
Torino, 34. 5, 1899; S. Franchi, Boll. Com. Geol. Bom., 2, IIKK) ; IS. Franehi and L. Colomba, 
ib., 4, 1901 ; Biv. Min. Hal, 28. 81, 1903 ; L. Colomba, » 6 ., 27. 18, 1901 ; 29. 24, 1903 ; 30. 1, 
15, 1903 ; 31. 41, 1904 ; G. vora Rath, Fogg. Ann! £rgbd.,6. 370, 1873 ; (\ Doelter, Handlmk der 
Mineralchemie, Dresden, 2. 649, 1914. 


§ 30. The Complex Silicates o! Magnesium 

R. C. Wallace i found that in the binary system, MgSi 03 -Li 2 Si 03 ; two serit's 
of mixed crystals were formed, with a break from 50 to about 75 i)er cent, of 
magnesium metasilicate, Fig. 92. The eutectic temp, was 876°. No lithium 
magnesium imilasilicate appeared. In the system MgSi 03 -Na 2 Si 03 , all the 
mixture.s between 20 and 80 per cent, magnesium metasilicato solidified to a glass, 
Fig. 93. No sodium magnesium metasilicate was prodyced. F. Focke obtained a 
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Figs. 92 and 93, — Freezing Curves of Binary Mixtures of Magnesium 
Metasilicate with Lithium and Bodium Metasilicates. 


green mineral resemblmg serpentine from tvildkrcuzjoch, Tyrol, and hc’called it 
nemaphyUite, It contained 42*49 per cent. Si 02 ; 0*40, AI 2 O 3 ; 4 63, Fe 203 ; 
37*60, MgO ; 0*72, CaO ; 211, Na^O ; and 1311, HgO. The sp. gr. was 2 * 6 ; 
hardness, 3 ; cleavage, perfect ; and the birefringence, negative and weak. 

The colourless, transparent mineral lainiolite, obtained by G. Flink from 
Narsarsuk, Greenland, has a composition corresponding with H 2 (Li,Na,K) 2 ' 
(Mg,Fe) 2 (Si 03 ) 3 , and in the ideal case is a potassium magnesium metasilicaie. The 
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name is derived from ratv/a, a band or strip ; a stone — in allusion to the 
form of the crystals. The monoolinic crystals resemble mica ; the axial ratios are 
a :b: c - -0*5773 ; 1 : 3*2743. The birefringe is negative and weak ; the optic axial 
angle 2A’^50" ; the sp. gr. 2*86 ; and the hardness 2*5~3*0. The mineral is slowly 
but completely decomposed by hydrochloric acid. According to A. Duboin, no 
silicate is obtained when silica is added to a fused mixture of magnesia and 
potassium fluoride, but if one part of magnesia and 4 parts pf silica are dissolved 
in fused potassium fluoride and the product is aftervjprds fused with potassium 
chloride and kept at a red heat for about three days, pot&ssilun magnusiuin tri- 
silicate, Mg0.K20.3Si02, is obtained in hexagonal crystals, with a negative axis, 
and flattened parallel with the base. Its sp. gr. at 0° is 2*55, and it is readily 
attacked by acids. 

P. Berthier,2 F. C. Achard, W. A. Lafhpadius, and N. G. Sefstrom made a 
number of glasses by heating various mixtures of lime, magnesia, and silica. Thus, 
CaO : MgO : Si02“l :1:2; 1:2:3; 2:1:3; 1:1:3 were formed. Some of 
these crystallized. There is, however, nothing to show what chemical individuals 
were formed. C. Mutschler and E. C. F. von Gorup-Besanez obtained from the 
ash of the calamus rotang what they regarded as a compound Ca0.Mg0.4Si02. 
Here again the individuality of the product was not established. 

The very rare mineral monticellite was named after T. Monticelli : it was found 
in y(*ll()wi8h crystals at Mount Vesuvius. The mineral belongs to the olivine family 
which includes forstorite, fayalite, and tephroite. The crystals were first described 
by H. J. Brooke 3 in 1831. N. Nordenskjold called it scacchite (misprinted 
sacchite), after A. Scacchi. A. Breithaupt, and L, Liebener and J. Vorhauser 
called a greenish-grey product batrachite — from ^aVpaxos, a frog — in reference to 
the colour. The analyses by C. F. Rammelsberg, G. vom Rath, F. A. Genth, 
G. Tschermak, S, L. Penfield and E. H. Forbes, P. von Jeremejeff, J. Lemberg, etc., 
correspond with magnesiom calcium orthosilicate, CaMgSi04. N. G. Sefstrom 
obtained a glass of this composition by fusing the constituents together. V, Poschl, 
and V. 8. Deleano studied the fusion curves of mixtures of magnesium and calcium 
orthosilicates. The latter found that a eutectic is produced at 1400° with about 
80 per cent, of magnesium orthosilicate. No monticellite was formed, and it was 
assumed that the occurrence of this mineral in volcanic products shows that an 
agent mineralizateur was present. Mixtures rich in calcium orthosilicate disintegrate 
on cooling. Enstatite is formed, and the disintegration of calcium orthosilicate 
occurs in the presence o{^up to 50 per cent, of enstatite. A. F. Hallimond obtained 
crystals of monticellite from a steel- works mixer slag, and of the composition 
Ca(Mg,Fe,Mn)Si02. J. B. Ferguso’n and H. 8. Merwin have shown the field of 
stability of monticellite in the ternary system, MgO-CaG-Si02, Fig. 95. P. Her- 
mann showed that solid soln. are formed between forsterite and monticellite ; 
and J. B. Ferguson and H. E. Merwin place the limit at about 10 per cent, of 
forsterite. J. H. L. Vogt found crystals of monticellite in slags; and H. le 
Ohatelicr, in portland cements. V. Poschl, and J, Morozewicz prepared products 
containing monticellite by fusing the component silicates, and the former gave for 


mixtures of forsterite ai^d lime-olivine. 
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V. Pdschl also studied the ternary system, Mg28i04-Ca28i04-Fe2Si04, J. B. Fer- 
guson and H. E. Merwin’s attempts to isolate monticellite were not successful ; 
a mixture of crystals of calcium orthosilicate and the forsterite-monticellite solid 
sob. was always obtained. 

The crystals of monticellite, according to G. vom Rath, belong to the rhombic 
system, and they have the axial ratios o : h : c=0* 43369 : 1 : 057669. H. J. Brooke, 
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and A. Scacchi made some observations on this subject. J. B. Ferguson and 
H. E. Merwins products contained crystals ot mouticellitc in equant grains, 
without facets. As emphasized by N. L. Bowen, the optic axial angle is large, 
2F=85®-90°. F. A. Genth gave for the sp. gr., 3'108 ; S. L. Penfield and 
E. H. Forbes, 3*022-3-047 ; G. Tschemiak, 3 098; and G. vom Hath, 3 054 
(batrachite). The hardness is 5-d. C. Doelter gave 1180°-1200“ for the m.p. 
J. Joly gave 0196a-0-2113 for the sp. ht. S. L. Penfield and E. H. Forbes gave 
for the indices of refractio^n jS=l-6584 for Lidight, or for Nadight, a=nnP6505, 
^=r6616, and y=l*6679 ; and for the birefringence, y-n— 0‘0174. J. B. Ferguson 
and H. E. Merwin found for artificial crystals a--=l-638-l'640 ; and 

y=l'651~l*655. A. des Cloizeaux investigated the optical properties of inonti- 
cellite. V. Poschl obtained 1460°, and J. B. Ferguson and H. E. Merwin, 1602° 
for the m.p. E. Kittl found that in the crystallization of the glass, 1600 nuclei 
are present per sq. cm. According to G. Tscherinak, when monticellite is treated 
with acids, orthosilicic acid separates out. F. Cornu found the moistened powder 
reacts alkaline towards litmus. F. Sestini, and J. Lemberg examined the elTect 
of water on the mineral ; C. Doelter, the effect of dry hydrogen chloride on the 
heated mineral ; and also the effect of a soln. of sodium carbonate. W. Suida 
found that the mineral is feebly stained by basic aniline dyes. The monticellite 
changes on weathering into serpentine, fassaite, etc. The metamorphoses have 
been investigated by P. von Sustschinsky, G. vom Rath, J. Lemberg, K. Oebbeke, 
R. Brauns, etc. E. S. Larsen and W. F. Foshag ^ obtained a colourless or pale 
green mineral resembling monticellite from the limestone of Creatmore, California. 
The composition corresponded with Ca3Mg(Si04)2, magnesium tricaldum di- 
orthosilicate, and they called the mineral -after H. E. Merwin. The 

mineral is monoclinic ; the cleavage (010) is perfect ; lamellar twinning occurs 
on the prism faces, forming an angle of 42*5° ; the optical axial angles, 2F---66'5° ; 
the axial angle a : c=36° ; the sp. gr. is 3150 ; the hardness, 6 ; and the indices of 
refraction are a— 1‘708, j3— 1*711, and y— 1*718. It readily dissolves in hydro- 
chloric acid. 

P. C. Abilgaard,^ and J. C. Delametherie applied the term malaconite to a 
bluish-grey, or greyish-green mineral from Sala, Sweden, which was softer than the 
associated felspar, hence the name was adapted from fmXam, soft. It is related 
with the mineral salite or sahlite which has a similar colour. Salite was found in 
Sala, Sweden, by M. F. R. d’Andrada, and it was analyzed by L. N. Vauquelin. 
The granular variety, with more or less indistinct crystals, from Arendal was 
described by P. C. Abilgaard, and M. F. R. d’Andrada, and called coceolite, from 
KOKKo^, a grain. It, too, was analyzed by N. Vauquelin. B. Bonvoisin 
described greenish prismatic crystals of a mineral from the Mussa Alp, Ala Valley, 
Piedmont ; and a white, greyish-white, or apple-green, crystalline aggregate from 
the same locality. The former was called alalite, after the Ala Valley, and the 
latter mussite, from the Mussa Alp. R. J. Hatty showed that both these minerals 
belong to one mineral species, which he designated diopside, from double ; 
and otjfLs, appearance. He also showed that salite, coccolite, and malaconite are 
varieties of diopside. ^ 

T. Scheerer’s • travenellite, from Traversella, Piedmont, is a fibrous aggregate of the 
same mineral. The mineral named baikalite by H. M. Renovanz * is from the Lake Baikal 
district, Siberia. It was also described by R. J. Hatty, and D. L. 0. Karsten. The 
bluish-white mineral canaanUe of F. Alger from Ctmaan, Connecticut, wa« descHbed by 
C. H. Hitchcock, and J. D. Dana. The JunkiU of A. P. Dufr6noy is a dark olive-green 
oococlite from Boksater, Gothland. N. von Kokscharoff’s lawroj^Ue, lamwite, or lawnmite 
is a diopside coloured green by vanadium, and came from Lake Baikal, Siberia. The 
proteite of E. F. Glocker, and A, Breithaupt from Zillerthal, Tyrol, is a form of alalite and 
mussite. H. von Eckermann called a fluoriferous diopside, Ca(Mg.Fe){8iO|)|.nMg(OH,F)|, 
from MansjO Mountains, mantjoeHe. 

The reported occurrences of diopside as a rock-forming mineral are very 



410 


INORGANIC AND THEORETICAL CHEMISTRY 


numerous; and hundreds of analyses have been made. The composition of 
colourless or white diopside approximates very closely to that required for mag- 
nenum calcium dimetasilicate, CaMg(SiOs)2. E. T. Allen and J. K. Clement 
found that diopsidea may have up to about one per cent, of water which is only 
lost completely and continuously by heating the mineral up to 900°. The water 
is adsorbed or in solid soln. E. A. Wulfing regarded the ferruginous diopsides as 
being members of a series of isomorphous miirtures with varjfing proportions of the 
mctasilicates : diopside proper, CaMg(Si03)2 ; hedeubergite, CaFe(Si03)2 ; and 
MgFe(Si03)2- The structure has been discussed by P. Groth, L. Duparc and 
T. Hornung, G. Becker, J, H. L. Vogt, R. Scharizer, and W. Vernadsky. J. Jakob 
applied the co-ordination theory and represented diopside : 

• KX)*'''’ 

P. OrotU. J. Jakob. 

Assuming that the ferrous'oxide is present as CaFe(Si03)2, the ratio of CaMg(Si03)2 
to CaFe(Si03)2, ranges upwards, passing through 8 : 1, 7 : 1, 4 : 1, 3 : 1, 2 : 1, to 
nearly 1:1; then appear the varieties of hedenbergite and schefferite in which the 
ratio passes through 2 : 3, 1 : 2, and 1 : 9. In 1858, C. F. Rammelsberg emphasized 
the importance of distinguishing between ferrous and ferric oxides in the analyses 
of these minerals. The proportions of alumina and ferric oxide rise from zero 
until the diopside pyroxenes pass int« augites. These monoclinic pyroxenes can 
then be approximately arranged in two classes according as the sesquioxides are 
or are not present as essential constituents : 


Mo„«H„icpy..oxo„os{:i;i“S-‘‘-, ; ; ; 

A greenish variety, coloured with chromic oxide, is called chmne-diopside, and it 
was described by A. Knop, E. Jannetaz, R. Scharizer, etc. The occurrence of 
diopside in meteorites was discu8.sed by N. S. Maskelyne, and S. Meunier ; and in 

slags by F. von Kobell, G. vom 
Rath, L. Gruner, P. S. Gilchrist, 
T. Scheerer, C. F. Rammelsberg, 
.1. E. L. Hausmann, C. C. von Leon- 
hard, J. Noggerath, F. Sandberger, 
G. J. Brush, N. S. Maskelyne, 
Cl V(dain, E. Mallard, P. W. von 
Jeremejeff, A. Knop, J. H. L. Vogt, 
etc. 

P. Berthior ^ made diopside by 
fusing a mixture of the constituents. 
G. Lechartier used calcium chloride 
as a flux ; J. J. Ebelmen, boric 
oxide; 0. J. St. C. Deville, F.Fouqu4 
and A. Michel-Levy, A. Lacroix, 
E. Hussak, A. Becker, P. Haute- 
feuille, A. Gorgeu, and C. Doelter 
made observations with respect to 
diopside analogous to those indi- 
cated in connection with the other 
magnesium silicates. L. Bourgeois 
made diopside .by suspending a 
block of marble in fused basalt. 
G. Rose observed crystab of 
diopside in some augite which had been fused and cooled. The formation of 
diopside and augite in the crystallization of fused silicates has been observed 



Fio. 94. — The Equilibrium ConditioiiB in the 
Binary System; CaSiOj-MgSiOj. 
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by J. Morozewicz, G. Medanich, K. Petrasch, H. H. Reiter, C. Doelter, etc. 
H. J. Johnston-Lavis observed cryst-als of pyroxene on fossil bones in the 
volcanic tufa of Faiano, Nocera, and assumed that the mineral was formed 
under little press., and at a temp, insufficient to carbonize or even discolour 
the organic matter of the bones. L. Appert and J. Henrivaux found crystals 
of diopside were formed when ordinary window-glass was kept for some time 
just below the softening temp. A. Daubr^e made diopside by the action of the 
water of Plombiferes on a* hot glass tube. V. Poschl prepared diopside by the 
union of magnesium and calcium metasilicates. V. S. Deleano found that the 


binary system, Mg 2 Si 04 -CaSi 03 , has a eutectic at about 1300^^' with 90 molar per 
cent, of calcium metasilicate. The system is really a quaternary one because 
periclase and enstatite are formed. 

In the system of Ca 2 Si 04 -MgSi 03 
there is a eutectic with about 80 
molar per cent, of magnesium meta- 
silicate at about 1300°. E. T. Allen 
and W. P. White studied* the condi- 
tions of formation of diopside in the 
binary system, CaSiOs-MgSiOs. The 
range of stability of diopside is indi- 
cated in Fig. 94. The best crystals 
were obtained by heating a glass of 
the composition MgCa(Si 03)2 in a flux 
of calcium chloride, in an atm. of dry 
hydrogen chloride at 1000° for a week. 

J. B. Ferguson and H. E. Merwiii 
found the limits of stability of 
diopside in the ternary system, 

CaO-MgO-SiOs, Fig. 95; W Niggli 
described this system ; and N. L. Bowen, the relations in the ternary systein, 
diopside-f orsterite-silica . 

J. B. Ferguson and H. E. Merwin’s cone, diagram, showing the limits of the lields 
of stability of the various phases in wt. per cent., is shown in Fig. 95. The range for 
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Fio. 95.— Tlio Limits of the Different Pliawes on 
the Concentration Diagram of the Ternary 
System: CaO-MgO-SiOa (wt. percent.). 
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fIo. 97, — Freezing-point Curves of the 
Binary System : Diop'bide-Forsterite. 


)5-wolla8tonite is too small to appear in the diagram. There are four compjex 
calcium magnesium silicates, namely : (i) 5Ca0.2Mg0.68i02 ; (ii) akermanite, 
2Ca0.Mg0.2Si02 ; (iii) monticellite, MgO.CaO.SiO 2 , or MgCaSi 04 ; and (iv) diop- 
side, Mg0.Ca0.2Si02 or MgCa(Si08)2. Diopside does not form a solid soln. with 
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uilica, forsterite, or pseudo wollastonite ; nor does it form a solid soln. to any marked 
degree with 2Ca0.Mg0.28i02 ; but it does form a continuous series of solid soln. 
with clino-enstatitc, which crystallizes in forms corresponding with the monoclinic 
pyroxenes. N. L. Bowen has made a special study of the binary and ternary 
systems with diopside, forsterite, and silica as components. Fig. 97 shows that no 
higher silicate is formed with diopside. The topography of the ternary system is 
shown in Fig. 98, and the isothermal f.p. curves in Fig. 99. N, L. Bowen found that 



Foraterito-Silioft. the Ternary System: Diopside-Forsterite- 

Silica. 

there is a eutectic with 88 per cent, of diopside and 12 per cent, of forsterite at a 
temp, about 4^-5^ lower than the m.p. of diopside, Fig. 99. The compositions of 
the phases worked out by J. B. Ferguson and H. E. Merwin are illustrated by the 
triangular diagram, Fig. 98. V. Pdschl measured the sp. gr., m.p., and angle of 
extinction of mixtures of enstatite and diopside, and found : 
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G. Zinke examined the products obtained by cooling molten mixtures of the two 
compounds, and ho likewise obtained a series of pyroxenes of varying composition. 
The nature, but not tlie composition, of the phases at any temp, during the cooling 

is illustrated by N. L. Bowen’s 
diagram. Fig. 100. With a 
molten mixture containing, say, 
19Mg€a(Si08)2+8lMgSi03, forste- 
ritc begins to crystallize out at 1552°, 
and continues crystallizing down to 
1523°, when pyroxene also appears. 
The three phases coexist down to 
1420°, when both forsterite and 
liquid disappear, and all consists of 
Dfopskk ZO -¥0 60 80 pyroxene. N. L. Bowen discussed 

Fio. 100.— Nature of the Solid Phases ih Cooling the effect of the sp. gr. and viscosity 
Molten Mixture* of Diopside and Magnesium of the molten magma on the crystal- 
Metesilioate. 

P. Eskola said that his attempts to make strontia-diopside and haryia-dioptide 
were not successful. There is no evidence that the metasilicates of barium or 
strontium and magnesium form a double compound. This is remarkable, especially 
in the case of strontium, which in other ways showed such a close similarity with 
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cakiom. P. Eskola pointed oiit that in compounds in which the lime may possibly 
be replaced by magnesia and ferrous iron, it cannotrbe replaced by strontia or baryta. 
Accordingly, barium and strontium compounds form mixed crystals with lime and 
alkali minerals, but not with ferromagnesian minerals. 

The colour of diopside, or calcium magnesium dimetasilicate in the limiHng 
case, is water-clear, or white ; the mineral is variously tinted green, and various 
shades of yellow, red^and brown, according to the proportion of ferrous oxide and 
other impurities which maj; be present. The compound was found by E. T. Allen 
and W. P. White to crystallize readily, usually in the form of radiating prismatic 
individuals intricately intergrown and overlapping. There are often fine bubble- 
like inclusions or cavities in the crystalline mass ; these are either tabular in shape 
and parallel with the prismatic elongations of the crystallites, or else they are 
irregular. The cavities are probably*due to the shrinkage accom}>ai\ying the 
crystallization of the glass ; they are rarely observed in the (jrystals from tln‘- molten 
calcium chloride flux. Both the natural and artificial crystals belong to tlio mono- 
clinic system, and the artificial crystals have the axial ratibs a : h : c -1 •()!)() : 1 : ()-591 , 
and the natural crystals a:h: (‘=1‘0934 : 1 : 0‘5894. The differences are within 
the limits of experimental error. F. Zambonini gave a :b^ c—1 ‘0503 : 1 : 0 5894, 
and j3=90°9' for the natural crystals. Observations on the native diopside 
crystals have been made by E. Artini, R. B. Hare, A. Schmidt, H. Baumhaiier, 
J. Gotz, K. Busz, G. vom Rath, G. Flink, J. Lehmann, A. Streng, F. Hessenberg, 
N. von Kokscharoff, A. des Cloizeaux, G.*la Valle, A. Michel-Levy, G. Nordeii- 


skjdld, G. Rose, J. D. Dana, etc. F. Rinne, and R. Grossmann measured the change 
in the angles on heating the crystals. F. Rinne obtained X-radiograms of the 
mineral ; and the shape and size of the unit cells of diopside, and diopside-like 
pyrox^es have been studied by R. W. C. Wyckoff and co-workers. The twinning 
of the artificial crystals after (100) was found by E. T. Allen and W. P. White 
to be common, while polysynthetic twinning after (100) was rare. The twinning 
has been studied by F. Becke, In the natural crystals twinning by the (100)- 
face is common ; the crystal may be traversed by twin lamell.'o parallel to that 
face, and sometimes also parallel to the (OOl)-face. The crystals of the mineral 
generally appear to be holosymmetric ; but the two ends of the j)rism are some- 
times different, indicating that the mineral probably possesses only a plane of 
symmetry, and not a digonal axis perpendicular to •it. This is confirmed by 
the observations of E. A. Wiilfing, H Baumhauer, and G Greim on the 
corrosion flglires produced on the prism faces by hydi^fluoric acid. F. Mohs 
showed that the diopsides from Sala and the Ala Valley possess a kind of cloavagc 
parallel to the (100)- and the (001)-face8. Theke are not true cleavages, but rather 
partings due to these faces being glide-planes and planes of secondary twinning. 
The partings occur only at intervals, and are not uniknnly distributed through the 
crystals as would be the case with true cleavajges. The partings are supposed to 
be produced by press. They have been studied by A. H. Phillips, J. H. Teall, 
G. W. Hawes, G, vom Rath, L. van Werveke, ^ ^ ^ ^ — l — , — ^ ^ — . 

A. Osann, 0. Miigge, J. W. Judd, T. Scheerer, § ' 

G. Rose, F. Zirkel, F. Becke, etc, B. Kittl’s , § 
measurement of the speeds o! crystallization 
of three samples of diopside at different temp, ' 
are shown in Fig. 101, There is a well-defined ^ ^ i 

maximum about 1270° ; and he found that m ^ „ p 

the crysUllization of the glass, l-3~9*-3 nuclei ' 

are present per sq cm Measuremento were „7 Temperature on 

also made by V. Schumoff-Deleano and gp^j Crystellization of 

E. Dittler. The plane of the optic axes is the piopside. 
plane of symmetry (010). The optic azial 

2F=59' 3°±10°, and 2£=U4“. E. A. WUlfing found 2K=58° 40' for the 
nntural crystala j and with Li*light, 59" 28' i with Na*light. 69 16 ; and with 
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Tl-Ught, 58° 58' ; the numbers for a femigihous diopside are respectively 59° 48', 
59° 62', and 59° 38'. E. T. Allen and W. P. White measured the optical axial 
angles of solid soln. with mixtures containing 28-95 per cent, of magnesium meta- 
silicate. N. L. Bowen's values for the optical axial angles, 2F, of solid soln. of 
diopside and clinoenstatite were : 

Diopside .100 75 66 66 37 19 • 0 per cent. 

2V . .69° 66° 47° 40“ smeU J0° 63° 

G. Zinke made some measurements of this constant. • G. Tschermak, F. Herwig, 
C. Doelter, F. J. Wiik, G. Flink, and A. Schmidt have made observations on this 
subject, and in general, the angle increases as the proportion of iron is raised. 
A. des Cloizcaux measured the effect of temp, on the optic axis. 

B. T. Allen and W. P. White measured ihe specific gravity of various combina- 
tions of calcium and magnesium metasilicates, and found 





MgSiO, . 0 20 46-3 60 60 70 72 72 lOOpercent. 

Sp.gr. . 2-912 3 046 .3-236 3 245 3229 3 205 3 196 3 194 3-193 

Sp. vol . 0-3434 0 3283 0 3090 0-3082 0 3096 0-3120 0-3129 0 3130 0 3132 

The Specific TOltune ciyve is shown in Fig. 102. There are three distinct curves : 
AB represents mechanical mixtures of pseudowollastonito and diopside ; BC, 
solid soln. of diopside with magnesium silicate ; and 
( 7 /), solid soln, of magnesium silicate with diopside. 
The sp. gr. of artificial diopside is 3'245. J. W. Retgers 
inferred that diopside is a chemical compound because 
its sp. vol. cannot be calculated additively from the sp. 
vol. of its constituents. E. T. Allen and W. P. White 
gave 3-270-3-275 for the crystals at 25725°, and 2’830 
for the glass at 30725°. This gives an idea*of the 
expansion which occurs in the jiroccss of molting. The 
sp. gr. of crystals from Alaska was 3‘268 at 25725°. 
The sp. gr. of many of the specimens which have been 
analyzed have been determined— w/c supm -and the 
results show that the sp. gr. increases with the propor- 
tion of ferrous oxide up to about 3 '53, V. Pdschl found the sp. gr. of the 
artificial mixtures or solid soln. is almost always smaller than with the natural 
crystals, presumably because the former have more pores and cavities. He found 
the physical characteri of solid soln. of diopside and hedenbergite varied con- 
tinuously, but not linearly, with the composition. Thus : 

• 

Diopside 
Hedenbergite . 

Per cent. FeO 
Sp. gr. . 

M.p. . 

Axial angle 


0'5/50 
o>mo I— 

0 25 50 75 
Per cent 

Fio. 102.- Specific Volume 
Furvea in the liinary 
Syat-em: MgSiOj-CaSiOa. 
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1266° 
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The hArdnc^ of diopside is about 5. L. H. Adams and E. D. Williamson found the " 
oompresgibility of diopside to be j3=l-09xlO“® between 0 and 10,000 megabars 
press. 

F. Pfaff found the coeff. of thermal expamdon between 0° and 100° in the 
a-direction to be 0-0008125 ; in the 5-direction, 0 0016963 ; and in the c-direction, 
0'0001707 ; thus making the coeff. c^f cubical expansion 0 002330. P. E. W. Oeberg 
gave 0'1871, 0'192, and 0’2036 for the specific heat of diopside between 0° and 
100° ; F. E. Neumann gave 0-1906; and H. Kopp, 0-184 between 19° and 50°. 

W. P. White gave for the mean sp. ht. of artificial diopside between ordinary temp, 
and 

100* 600" 700" 900" JlOO" ISOO" 

. 0-1912 0-2309 0-241 02483 02663 0-2603 

— 0-262 0-272 0281 0286 — 


Mean sp. ht. . 
True «p. ht. . 
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B. T. Allen and W. P. White gave 1381° for the melting point of artificial diopsido ; 
A. L. Day and R. B. Sosman, 1395° ; E. Kittl, 1280"-1310° ; J. H. L. Vogt, 1225° ; 
V. Poaohl, 1325° ; and A. L. Fletcher, 1237°-1245°~R. Cusack obtained a lower 
value. C. Doelter found diopside begins to melt at 1305°, and is quite fluid at 
1345°. V. S. Deleano gave 1280°-1310°, and E. Ditto 1300°-1320° for the m.p., 
and H. Leitmeier, by very slowly raising the temp, during 24 hrs., obtained 1305°- 
1315°. C. Doelter found for diopside from Ala Valley 1250°-1270° ; from Zormatk, 
1270°-1300° ; and from Zillertal, 1300°-1340°. The results with native diopside 
depend also on the nature o! the impurities, and the m.p. is reduced when ferrous 
oxide is present ; with mixtures of CaFelSiOgjo and ('aMg(Si 03 ) 2 , V. Poschl 
found the m.p. ranged from 114Q°-1325° respectively, and he gave for mixtures 
of enstatite and diopside : 


Diopside . 
Sp. gr. . 
M.p. (mean) 
Axial angle 


100 

76 

60 

50 

40 

25 

0 por cent. 

3-08 

30-4 

3-25 

2-98 

3-06 

3-12 

3-2 

1312“ 

1310“ 

1305“ 

1310 

1312“ 

1325“ 

1387“ 

32“ 

37“ 

39“ 

-- 
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H. Leitmeier observed that the m.p. is reduced when the mineral is very finely 
powdered. R. Akermann gave 444 cals, per gram for the* total heat of fusion ; 
while C. Doelter, 94 cals., and J. H. L. Vogt, 1(X) cals., for the latent heat of fusion. 
G. Tammann gave for the heat of solution of diopsid(‘ crystals in 100 grins, of 
30 per cent, hydrofluoric acid mixed with 250 c.c. of MV-hydrochloric acid 
472 cals, per gram ; and for diopside glass, 565 cals. Himci* the heat of crsrstalliza- 
tion is 93 cals, per gram. 0. Mulert obtained a similar result. 

E. T. Allen and W, P. White gave for the indices of refraction of artificial 
diopside in Na-light, a— l‘664,/3-4f)7I, and y--l’G94. each ±0’(X)2, This gives 
for the birefringence y-a=^0-030, y-j3--0-023, and |3 -a-0(X)7. They also 
measured the indices of refraction, and extinction angles of soliil soln. of 
combinations with 28-95 per cent, of magnesium metasilicate. Observations on 
the mineral were made by A. des (^oizeaux, E. Dufet, E, A. Wiilfing, A. Schmidt, 
A. Michel-Levy and A. Lacroix, G. Nordenskjold, etc. G. Flink and E. A. Wtilting 
found : 


a A ^ 

Colour LI Na Tl LI Na Tf LI Na TI 

White . . 1<)675 I tiTlO 16749 1 6744 1-6780 1-6818 1-6962 1-7000 I -7046 

Yellowish-green 16697 1-6734 1-6770 1-6767 1-6804 1-6838 1-6990 1-7029 1*7057 

Gross green . — - 1*6889 1 6959 1-7003^ 

Dark green -- - - 1-7005 1-J047 1 7106 - 

Black . . 1-6956 1 6986 1-7030 1-7028 1 7057 1 7103 1 7244 1-727J 1-7326 

N. L. Bowen’s values for the maximum indices of refraction of the solid soln. of 
diopside and clinoenstatite were : 

Diopside . 100 92 84 76 66 56 37 19 0 per cent. 

Max.. . 1-694 1 692 1 684 1 684 1 678 1-675 1-671 1 665 1-660 

Min. . . 1-664 1-664 1 662 1 660 1-655 1-665 1-653 1-661 1 051 

E. T. Allen and W. F. White found the extinction angles on the clinopinacoid 
or (OlO)-fac 0 to be — 38’5°±r; and on the prism or (llO)-faco -39-9° ±10. 
Measurements were made by G. Tscherraak, F. J. Wiik, 0. Doelter, F. llerwig, 
P. Mann, W. C. Brogger, H. Rosenbusch, G. Flink, etc. The effect of ferrons oxide 
on the extinction angle on the (OlO)-face is : • 

FeO per cent. . 2-91 3 09 3-49 4-60 17-.34 26-29 

Extinction . . 36“ 6' 36“ 60' 37“ 10 ' 39“ 10' 46“ 46' 47“ 50' 

G. Flink found for a white dioptase, the extinction angle 38° llj' with red light, 
38° 3i' with yellow light, and 37° 54J' with green light. F. J. Wiik represented 
the relation between the extinction angle and the per cent, x of ferrous oxide by : 
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Bxtinctioa «ngle=35-54-0-8719a:-0 0167** ; other formula have Wn given for 
other types of oiineral. B. T. Alien and W. P. White, and A. Michel-L4yy and 
A. Lacroix measured the effect of the angle of the prism face with the orthopinacoid 
or (lOO)-face, on the extinction, and found a rapid rise for the first 40° ; and for 
faces near the olinopinacoid, the changes are slight. Diopside is optically positive. 
N. L. Bowen’s values for extinction angles, of solid soln. of fliopside and clino- 
onstatite wore ; , 


Diopside 

0 


. 100 03 74*5 66 4^5 37 19 0 per cent. 

. 3S'5° 37-5“ 36® 34® 31-6^ 30® 26® 22® 


The interference figures have been studied byJH. de Senarmont, and A. Bertin 
and co-workers. The pleochroism of the pyroxenes is so slight that it has been 
recommended as a test for distinguishinjf amphiboles from pyroxenes. There is, 
however, a distinct pleochroism when the coloured diopsides are rotated on the 
microscope. This subject has been investigated by G. Tschermak. 

Tlui electrical conductivity of diopside at ordinary temp, is too small to detect. 

C. Doelter found that at 1478° K., the conductivity is 
perceptible, and it increases with rising temp. He found 
the specific conductivity to be 0*009 mhos at 1340°, and 
0*039 mhos at 1366°. There is a marked increase when 
the mineral melts. The sp. electrical resistance curve, 
with a 1000 qhms as unit, is shown in Fig. 103. 

G. A. Kenngott found that diopside, and the green 
and black augites react strongly alkaline when moistened 
with water. W. B. and R. E. Rogers discussed the 
behaviour of diopside with water sat. with carbon dioxide. 
F. Sestini investigated the action of water at a high temp. 
A. Daubree found that steam at 400° decomposes diopside 
and small crystals of quartz are formed. W. Suida showed 
that diopside is not coloured by basic aniline dyes, while more or less weathered 
varieties are stained Hydrofluoric acid readily decomposes diopside, but other 
acids have but a slight action on the mineral, while the aluminous varieties are 
scarcely unaffected by acids. A. Becker studied the action of hydrochloric acid ; 
C. Doelter, the action of# dry hydrogen chloride; W. B. Schmidt, the action of 
sulphurous acid on diopside ; J. Lemberg, the action of soln. of potassium carbonate ; 
and C. Doelter, the action of soln. of sodium carbonate. The weathering of 
diopside in inetaniorpnic or igneous rocks may produce talc or serpentine, and 
sometimes cpidote ; it may furniifh amphibole, tremolite, or actinolite. L. Milch 
showed that carbonates may also be formed. The aluminous diopsides may form 
chlorite, asbestos, etc. H. Rose described the passage of salite into the picrophyll 
of L. Svanberg — ttck/kk, bitter ; 4>v\\ov, leaf, in allusion to the odour when 
moistened. L. Jaezewsky described the transformation of diopside into chrysolite 
serpentine. The pitedrantite of T. Scheerer is a green product from Pitkaranta, 
Sweden, and is supposed to be derived from diopside or augite. Traversdlite — 
vide supra- -is also derived from diopside ; so also is urahU. R. van Hise has 
discussed some of these changes. A. S. Eakle ® described a hydrated 
silicate from the limestone of Crestmore, Cal, with a composition approximating 
2(Ca,Mg)0.2Si02.H20 ; it may be H2(Ca,Mg)2Si207, or hydrated calcium mag- 
nesium^ diraetasilicate, 2(Ca,Mg)(Si03)2.H20. The mineral was called zurupaile. 
It forms compact spheres of soft, 'silky radiating fibres. The oblique extinction 
corresponds with monoclinic symmetry. The mineral is easily decomposed by 
hydrochloric acid, and when moistened it gives no coloration with phenolphthalein. 
Less than one per cent, of water is given off at 120°, and all is not expelled over 
Bunsen’s flame. 
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INORGANIC AND THEORETICAL CHEMISTRY 


§ 31. Hydsaied Magnesium Silicates 

A number of ill-defined hydrated magnesium silicates have been reported. 
J. N. von Fuchs ^ noted that magnesium hydroxide hardens rapidly in contact 
with a soln. of water-glass, although W. Heldt said that neither the hydroxide nor 
the calcined oxide suffers any change in contact with water-glass ; J. Lemberg, 
however, said that under these conditions brucite is very slowly converted into a 
silicate which is gelatinized by hydrochloric acid, anth that magnesite in contact 
with water-glass at 100" for 10 days is partially converted into a silicate. 

By adding water-glass to a soln. of magnesium sulphate, W. Heldt obtained a 
gelatinous mass which, when dried at 100®, had the composition MgO.3SiO2.2H2O ; 
and K. Haushofer similarly obtained a pi^duct 2MgO.7SiO2.6H2O. J. Lemberg 
added to a sat. soln. of magnesium hydrocarbonate an eq. quantity of alkali disilicate 
soln. and obtained a precipitate approximating, when dried, to 2MgO.5SiO2.wH2O. 
E. Tischler believed the hydrate MgSi03.2'31H20 to be a constituent of sand-Hme 
bricks ; and he found that this product is obtained by heating a mixture of eq. 
proportions of silica and magnesia at 8-10 atm. press, in steam. B. von Ammon 
obtained hydrated magnesium metasilicatei a voluminous mass, by adding an 
excess of crystallized sodium sibcate to a soln. of magnesium sulphate. The 
washed precipitate forms a white opaline mass, which, when dried at 100", has 
the composition 3MgSi03.5H20. The moist precipitate dissolves in hydrochloric 
acid. Further observations on this Subject by A. Gages, J. Lemberg, etc., are 
indicated below. N. 0. Holst claimed to have found white or grey, radiating, 
crystalline masses with mother-of-pearl lustre, and with a composition correspond- 
ing with dihydrated magnesium orthosilicate, Mg2Si04.2H.2(). He named the 
mineral natrkile. Its sp. gr. is 2*53 ; and hardness, 3-4. It is attacked by acids. 
A. S. Eaklo found a white radiating fibrous mineral at Crestmore, Jurupa Mts., 
California, and he called it jurupaile. The composition approximated calcium 
magnesium dihydro-orthodisilicate, H2(Ca,Mg)2Si207. The crystals are probably 
monoclinic ; the sp. gr. is 2*75 ; the hardness, 4 ; the index of refraction parallel with 
the fibres, 1-576, and perpendicular thereto, 1*568 ; and the birefringence, 0*007. 
The water is expelled only at a high temp. The mineral is decomposed by dil. 
hydrochloric acid without^elatinization. 

There is some evidence in favour of the belief that three hydrated magnesium 
silicates can exist as chemical individuals : namely, serpentine, H^MgaSigOo ; 
meerschaum or sepioliU, H4Mg.,Si:}()jo ; and talc or steatite, H2Mg3Si40i2. There 
are a few others whoso individuality is less well established : gymnit^, Mg4Si30i2— 
uw/e deweylite ; aphrodite, H6Mg4Si40i5--from foam— of N. J. Berbn, 

A. Schrauf, and H. Fischer ; sprite, H2Mg5Si(j0i8.3H20, of F. von Kobell and 
others which may bo mixtures of magnesium silicates with opaline silica, etc. 
In nature, the magnesium oxide may be replaced by ferrous oxide, nickel oxide, etc. 

It is highly probable that the of Dioscorides’ Materia medica 

(6. 161), written about a.d. 50, and the ophites of Vilnyus Historia naturalis {86. 7), 
published about a.d. 70, referred to a mineral resembling that now known as 
serpentine. The Latin term was translated serpentine by G. Agricola ; 2 Serpenten- 
stein, marmor serpentinum, marmor zehlieium, or lapis serpentinus, by A. B. de Boodt. 
Analogous terms were used by J. G. Wallerius, A. Cronstedt, L. A. Emmerling, 
A. Estner, 0. A. Hoffmann, etc., and they have crystallized into serpentine in 
allusion to the green, serpent-like cloudings pf the serpentine marble. J. G. Wallerius 
used the term lapis colubrinus, R. J. Haiiy regarded serpentine as a rock. In 
1759, A. S. Marggraf 3 detected magnesia in serpentine ; and about the end of 
the eighteenth or the beginning of the nineteenth century, the mineral was 
analyzed by R. Kirwan, C. A. Gerhard, P. Bayen, R. Chenevii, J. F. John, V. Hart* 
vail, 0. B. Kuhn, C. G. Mosander, L. P. Lychnell, F. Stromeyer, etc. A large number 
of analyses have since been reported.-* 

Berpentine in nature may be associated with many other substances which can 
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be regarded as impurities. For instance, there may be much ferrous oxide present, 
and this may be due to admixed ferrous silicate.* Serpentine has presumably boon 
formed in nature by the metamorphosis of magnesian silicates— olivine— 
and it can but rarely be regarded as a one-phase mineral. It is associated with 
other magnesian silicates as well as ferrous silicates. Ferric oxide and alumina 
may be present, probably as a result of the serpentiuization of aluminous and 
ferruginous magnesian silicates. There is also a series of analyses with a higher 
water-content than the nprmal 13 04 per cent., and another series with a lower 
water-content. There are also calcareous serpentines; some contain Huorine ; 
and some have up to 10 per cent, carbon dioxide — presumably derived in part 
from the breaking down of the serpentine itself by carbon dioxide — vide infra. In 
a few cases, the presence of nickel, cobalt, cop})er, chromium, and manganese oxides 
has been reported ; likewise also ‘the alkalies, sulphates, and phosphates. 
M. W. Travers found that serpentine from Zermatt contained 0 80 per cent, of 
hydrogen which was not present in the mineral as an inclusion, but was produced 
from the non-gaseous constituents by heat, say, 2FeO i-HoO -Fe^Oa f Ho. 

The idealized mineral has the composition of a magnesium tetrahy^odisilicate* 
H4Mg3Si209. It is assumed that the hydrogen is not jiresipit as water of hydration 
because it is held so tenaciously when heated— rn/c infra. K. Brauns rejiresents 
its formula Mg(MgOH)2H.2Si207. J. Jakob applied the co-ordination theory and 
represented it by 



F. W, Clarke, and F. W. Clarke and K. A. Schneider regarded serpentine as a 
derivative of a polymerized magnesium orthosilicate, Mg4(Si04)2, namely, 
Mg;.(Si04)2H3(Mg0H). The assumption that some magnesium is present as 
hydroxide fits observations on the ultra-red transmission spectrum —vide infra. 
S. Hillebrand regarded serpentine as a salt of the acid H4Si20g ; and chrysotile 
as a salt of the acid HioSi iOis. lie considers these two minerals to be related with 
olivine as : 


(Mg0Mg)2Si20e (MgOH)eH^Si,0„ 

Olivine. Serpi-ntlne. ChrjHotlle. 


He represented serpentine and chrysotile by the fornyila Mg(jirRSi40i|n, and con- 
sideri’d them to be isomeric forms of the same silicate. G, Tschermak,*^ and 
R. Scharizer showed that the serpentine tormula can be represented in two ways 
— one symmetrical and the other uiLsymmetrical : * 
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O.Mg.b 
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The genesis of serpentine has been investigated by A. Quenstedt, M. Websky, 
etc. The general result shows that serpentine may be formed from any silicate 
rich in magnesia — e.g. olivine, pyroxene, amphibole, garnet, etc. It can also be pro- 
duced by the action of percolating magnesian waters on minerals like t he felspars, 
which are non-magnesian. G. Tschermak re})rc8ent8 the transformation of olivine 
into serpentine by the equation : 2Mg2Si04-f C02-f-2H20“H4Mg3Si20fl-j AlgCOa ; 
and of diopside 3MgCa(Si03)2-f3C02H-2H.20— H4Mg3Si209-|-3CaC08-H8i02. 
R. Scharizer represents the serpentinization of olivine by the structural formulee : 
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O Mg Mg 0 

10 0 1 
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Olivine, (Mg, 8 i 04)4 
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Serpentine, HiMgiSiiOi 
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The carbonated water attach the magnesium atoms indicated in the above 
formula, forming magnesium carbonate. The olivine mol. simultaneously splits 
into two parts ; each part furnishes a mol. of serpentine. Compare this with the 
formation of talc — vide infra. Similarly, also in the serpentinization of a pyroxene 
or amphibole : 
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OH OH 

Mg OH • OH 6g 
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Serpentine, HjMgjSiiO, 


V, Iskyul said that the serpentines are^metasilicates, and compact serpentine 
and chrysotile arc pyroxene silicates similar to enstatite, while antigorite is similar 
to anthophyllite. The colloidal origin of the minerals of the serpentine family has 
been discussed by F, Cornu. A. Gages claimed to have made serpentine as a trans- 
parent amorphous mass by allowing gelatinous magnesiiun silicate to remain in 
contact with dil. potasl^lye for some months. J. Lemberg also made a serpentine 
by the action of a soln. of sodium silicate on magnesite for 10 days at 100°, by 
heating in a sealed glass tube monticcllite with a soln. of magnesium chloride for 
18 hrs. ; and in other ways. 

Serpentine may occur massive, laiiiellar, foliated, fibrous, and crystalline. 
Serpentine as a rock may constitute whole mountains, and it is then associated 
with dolomite, magnesite, calcite, etc. The variety which makes a clouded green 
sometimes with white or pale green veins furnished the vert antique or ophiolUe of 
the ancients. It is used for interior decorative work, but if exposed outside, it 
soon tarnishes by weathering. Some varieties take a high polish, and can be 
turned in a lathe, making ornaments of various kinds. The so-called precious 
or noble serpentine is a rich green of various shades, and more or less translucent. 
G. P. Merrill called a banded serpentine from Mexico, ricolite—hom rico, in allusion 
to its rich green colour. 


The texture of serpentiiio cun tljua be very variod; many of the varieties have received 
special names. (}. T. Powoij ® described what 1)0 regarded as a massive and granular 
nephrite, and J. 1). Dana called it howenite. J. L. Smith and (1. J, Prush proved it to be 
serpentine. A ma-ssivo serpentine, yellow to gi'een in colour, was described by T. Thomson 
and named niinalite. — from pvjlvt), resin—in allusion to its waxy or resinous lustre. It is 
thought to bo a mixture of serpentine and deweylite. T. S. Hunt regarded it as compact 
serpentine. 0. A. ICenngott describod,a brown or greenish-black variety which he named 
vornaiieerite. after J. Vorhauser. A. des Cloizoaux regarded it as a compact serpentine. 
J. D. Dana called a variety resembling compact lithoraarge porcellnphitc, and this is possibly 
the meerschaum of Taberg and Sala, Sweden. The antigorite of E. Schweizer is a thin 
lamellar variety from Antigorio Valley, Piedmont. It was also studied by G. J. Brush, 
and by G. A. Kenngott. V. Iskyul investigated the action of hydrochloric acid. A 
lamellar apple>green variety from Texas was named williafmite by C. U. Shepard ; it was 
shown by R. Hermann, and by J. L. Smith and G. J. Irish, to be serpentine. T. Nuttall 
described a thin foliated variety from Hoboken, New Jersey ; and he called it fnarmolite — 
from pappalpu), I shine — in allusion to its pearly and somewhat metallic lustre. 
L. Vanuxom, and F. A. Genth and G. J. Brush showed that it is a foliated serpentine. 
J. R. Blum’s mannolite was shown by A. Breithaupt to bo a variety of mica. A. E. Nordensk- 
jOld found a scaly variety of serpentine at Hopansuo, Finland, which exfoliated when 
iieated, and which was hence named thermojyhyUite — Sippv, heat ; ^wAAor, a leaf. 

F. von Koboll applied the name chrysvtih to a delicately fibrous serpentine from 
Reiohens’tein, in Silesia. It is named *from golden ; rfXoi, fibrous. Its colour is 

greenish-white, green, yellow, and brown. According to J. F. Hausmann, the term includes 
most of the silky atntarUhun or schiller asbestos of serpentine rocks. V. Iskyul examined 
the action of hydrochloric acid on chrysotile. J. F. Hausmann applied the term picrolite 
to a fibrous and columnar variety of serpentine from Taberg, Sweden. The term is derived 
from mKp6s, bitter, in allusion to its containing bitter-earth or magnesia. It was studied 
by F. Stromeyer, L. P. Lychnell, M. Websky, R. Brauns, C. List, C. Almroth, etc. The 
haliimortie of T. Thomson was shown by C. F. Raramelsberg to be a chrysotile ; and R. Her- 
mann, G. A. Kenngott, and C. von Hauer described impure varieties. L. F. Svanberg’s 
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hydrophiU — named in allusion to the water present— is a dark green fibrous »<:ir}>entino 
from Tabei^, Sweden. H. Fischer found it to impregnated with magnetite, M. Websky 
regarded it as a ferruginous metaxite. A fibrous greenish* black crust, found by 
C. U. Shepard on the magnetite of Monroe, New York, was named jenhiiwitc, after 
J. Jenkins. It was shown by J. L, Smith and G. J. Brush to be a fonn of hydrrjpliitp, 
A. Breithaupt described a silky fibrous mineral fi-om Schwarr-enberg ; and he named 
it metaxite—from silk. A, Delosse, R. Brauns, and M. Websky showed that it is 

a fine-fibred serpentine. A. E. Arppe, K. Hallsten, F. J. Wiik, and G. A. Keungott have 
examined the mineral. • A. E. Arppe’s pkrofluUe proved to be a mixture of fluorite, mag- 
netite, and metaxite. , 

A. Frenzel obtained a serpentinous mineral from Zflblitz, Saxony, and hence termeil 
zoblitziU. It was also described by C. F. Kammelsborg. R. Brauns deacnbed the mineral 
radiotine from Wallenfels, Nassau ; and named on account of its radial stnicture. K. Brauns 
named a serpentinous mineral from Araelose, Hessen, after M. Websky, wrbakyitv. It was 
also studied by F. Cornu, knd is probably an alteration product of scrficntine. 'I'lio mineral 
limbachit^, from Limbuch, Saxony, was shox^ by A. Frenzel to bo an aluminous serpentine. 
F. P. Dunnington obtained a similar mineral from Webster, IV. Carolina. A. Schraut described 
the mineral enophile, from Kiemze, Bohemia, os a elilori<<'-like serpentine, .V. Breithaupt 
obtained from Waldheim, Saxony, a green massive inincral with a resinous lustre ; ho 
called it dermatine — from skin— in allu.sion to its occurrtmee as an incrustation on 

serpentine. It is probably colloidal. M. F. Ho<ldle obtaine<l a fawn-colounvl serjiciitmous 
mineral from Totaig, Scotland, and hence he called it totaujift'. W. liaidingor describeil 
a mineral from Fngelsborg, Bohemia, which ho naiiK'tl /ncrosnuac from itinpo^, bittor ; 

odour. It has some relationship with talc, and W. F. Foshag <’lasso8 it with the 
talcs. It was discussed by G. Magnus, A. Frenzi'l, II. l'’ischcr, and C. 1'. Raiiimelsberg. 
M. F. Heddle found in various parts of Scotland a kind of mountain cork or mount am h^itbcr 
aspilolite — from ttiAoi, felt. Its composition corn'spondeil with 4MgO.Al2()a 10Si().j. 1511 jf). 
J. Henderson also descnboil a specimen from New Zealand C. U. Shepard found a ser- 
pentinous substance which he called peUyitninc—pCfUMtaUc- in the asbestos mine of Polha. 
Mass. N. Nordonskjbld described a serpentinous mineral from Zennatt, Schweiz (Switzer- 
land), and he called it zervuUtUe, while A. von Forsinann calleti it nrhwrizrrUc. 
A, Breithaupt found a mineral in Frankenstein, Silo.sia, which ho named ('erolik fr^ 
Krjp6i, wax— in allusion to its vitreous, resinous appearance. It was also described by 
0. B. Kiilin, R. Hermann, and F. A. Genth. F. Fock called a variety from Zillorthal, 
Tyrol, meinaphyllite ; it contained 2 per cent, of soda, 

E. Emmons reported amorphous brown or yellow granules, resembling tlic^ ap[)enranco 
of gum arabic, from Bare Hills, Md, The mineral was called df’-M'cj/htr, afti'r ( . Dowuy , 
and T, Thomson called it gymnik. — yvfivot, naked —in allusion to the locality when 
the mineral was found. SiKJcimens were dcscribeil or analyzed by C. U, Shepard, T. 'i'hom- 
son, J. Oellachcr, F. von Koboll, K. Haushofor, V. Widtormann, A. Bukovsky, F. A. Giuith, 
W. Haidinger, F. von Richthofen, L. Biobonor and J. Vorhauser, E. Hatlo, E. llatlo and 
H. I’auss, and E. F. Smith and 1). B. Brunner. The composition corresponds with 
Mg4Si30i5.nH30 ; and it is usually represented as magnesium tetrahydrolriorthoilllcate, 
H4Mg4(Si04)j. W. W. Coblontz found the ultra-red transmission spectrum of deweyhte 
gave strong bands at Sp. and 6^, making it appear that tlio w^ter is presi'iit as water of 
crystallization ; in the ultra-rod reflection spectrum there arc maxima at 9 (t5/i and 10 5^. 
F. Cornu found the moistened mineral reacteil alk(\}ine towanls litmus. M. Websky said 
the structure is like that of clmlccxlony. F. Zarabonini regards it as an adsorption 
product. J. Jakob applied the co-ordination formula : 



Mg. 


to deweyhte. Another mineral like dewoylite in many respects was examined by I). Fogy, 
F. A. Genth, and F. Zambonini. The composition corresponds with Mg,8i80,.3H,(). 
F Zambonini called it pseudodowoylite, and he considorc<l it to be a hydrogel. 'Hieir 
optical behaviours are similar, A. Breithaupt described a translucent yellowiali (>r 
greenish-white mineral which was rather different from dowoylile, and he call^ it 
from apple : oif/ov, moat Jt was analyzcni by F. GopijelsrOder. I'.Zam- 

bonini, and D. Fogy examined the loss of water under various conditions. A ferruginous 
gynmite— irtm-gywmtfe—was examined by T. Thomson, and E. Hatle and H. Trauss. 

^rpentine may be nearly white or coloured various shades of green, brownish- 
red,' or brownish-yellow. On exposure to air, the bghter shades may become grey. 
The ory>^ are pseudoraorphs after chrysolite, pyroxene, amphibole, spinel, 
garnet, titanite, chromite, etc. G. Friedel argued that the pscudocubic crystals 
found at Brewster belong to serpentine itself, and are not pseudomorphs after an 
unknown mineral. The properties of the crystals correspond with those of the 
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monoclinic systom. P. Groth regards antigorite as monoclimc, and chrysotile 
as rhombic ; H. Michel also says^fibrous serpentine is rhombic. These two varieties 
are regarded as isomeric forms of serpentine. The crystalline structure has been 
discussed by M. Websky, A. des Cloizeaux, E. Reusch, F. J. Wiik, E. Hussak, 
H. Rosenbusch, A. Michel-L4vy and A. Lacroix, G. Tschermak, H. B. Patton, 
R. Brauns, T. G. Bonney and C. A. Raisin, A. Hamberg, R, B. Hare, etc. Accord- 
ing to W. H. Miller, the optic axial angle is 2E~22° 20' fosthermophyllito ; and, 
according to A. des Cloizeaux, 2E=36° 26' at 26°, it ia reduced about 2° by raising 
the temp, to 196°. H. Michel gives for the axial angle of fibrous serpentine, 
2E=16°-50° ; and for antigorite, 2E=16°-98°. G. Tschermak said that the axial 
angle depends on the iron content of the mineral. 

The spedfle gravity was determined by^many of those who analyzed the mineral 
■—vide supra. Specimens low in iron oxide and alumina have a sp. gr. ranging from 
2‘66-2*59 ; and the sp. gr. is raised by iron oxidi', and lowered by alumina. The 
hardness of fresh serpentine is 3-4. Specimens with a hardness approaching 5 
are supposed to be admixed with opaline or chalcedonic silica. L. H. Adams and 

E. D. Williamson found the compressibility of serpentine to be j3=l'80xl0^^ 
at 2000 megabars ^nd 1*38x10^ at 10,000 megabars; or j8=0*05l804- 
0’Oio532(p— po). The specific heat of serpentine was found by A. S. Herschel and 
G. A. Lebour to be 0‘274)'28 ; by P. W, E. Oeberg, 0‘2586 ; by J. Joly, 0‘2529 ; 
by H. Hecht, 0*251 between 0° and 100°; by G. Stadler, 0*2439. k denotes the 
heat conductivity ; c, the sp. ht. ; and 1), the sp. gr., a^^kjcD, and H. Hecht 
found a2 =0*01 13, and G. Stadler, 0*0128. The thermal dehydration of serpentine 
has been studied by J. Lemberg, C. F. Rammelsberg, and others. A small pro- 
portion of water is expelled at 105°, but the bulk is lost only at a red heat. Thus, 

F. W. Clarke and E. A. Schneider found the percentage loss with four samples of 
serpentine : 


Water lost afc 106® 

0-96 

1*53 

2-04 

2-26 

.. 260® . 

0*66 

0-44 

0*71 

1-01 

„ „ 383®-412® 

0 27 

0-62 

0-27 

0-98 

„ 498®-627® . 

0-23 

— 

0-66 

0-42 

„ ,, red heat 

1237 

10*68 

11-81 

11-32 

„ ,, white lioat 

4 

0-28 

0 04 

0-25 

0-17 


F. Zambonini found that with chrysotile confined over cone, sulphuric acid of sp. gr. 
1*835 : 

t 

Hours exposed . . 2 ^ 6 26 73 121 

Per cent, water lost . 1-71* 1-98 2 18 2 37 218 


The serpentine so dehydrated readily absorbs water again. He also measured the 
water lost at different temp, in a current of humid air by chrysotile with 15*4 per 
cent, of water, and bowenite with 13*20 per cent, of water : 


125 * 260 * 

Chrysotile lost . . 2 62 2*87 


820 * 345 " 480 * 

3 18 3'35 3‘32 per cent. 


. 116 * 
Bowenite lost . 0*28 


160 * 

0-47 


260 * 

0-59 


300 * 

0*69 


895 * 

0'76 


440 * 

0-81 


405 * 

0 94 per cent. 


A. Daubreo, and V. Iskyul believed that when melted, serpentine breaks down into 
enstatite and olivine: n4Mg3Si2p9“2H20+Mg2Si04-fMgSi03. According to 
H. Leitmeier, measurements of the meltmg point showed that serpentine from 
Snarum softened at about 1480° and was quite liquid with rapid heating at 1550°. 
The f.p. was 1400°, and olivine crystallized out, but no enstatite appeared. A. Michel- 
L6vy and A. Lacroix gave for the indices of refraction of antigorite o=l*560, 
^=1 ’574, and y=l *571. A. des Cloizeaux gave j8=l *574 for red light. H. Michel gave 
0*013 for the birefringence of fibrous serpentine, and 0*011 for antigorite ; he found 
the birefringence of villarsite to be strong, and that of radiatine to be medium. The 
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optical character of fibrous serpentine was positive, and those of antigorite and 
radiotine, negative. The optical properties of serpentine minerals have been studied 
by J. K Schnell, K. Schuster, M. Websky, R. B. Hkre, E. Reusch, F. Becke, 
H. Wiegel, R. Brauns, W. H, Miller, A. des Cloizeaux, G. Tschermak, M. Stark, 
etc. A. Michel-Levy and A. Lacroix said that antigorite is feebly pleochroic in 
that a and j8 are a paler green than y. H. Michel also said villarsite is strongly 
pleochroic. W. W. Goblentz found that serpentine has absorption bands in the 
ultra-red transmission spectrum at 1-4/*, 3/i, 5/i, 6-6/i, 7-4/x, 81/x, and 8‘5/i. The 
large absorption band at 3p corresponds with the assumption that hydroxyl groups 
are present. There are maxima at 9'7p and 10 5/x in the reflection spectrum. 
W. Suida observed that serpentine is readily stained with aniline dyes — e.g. fuchsine, 
and methylene blue — and F. Cornu noted that the stained mineral is strongly 
pleochroic. 

According to G. A. Kenngott, powdered and moistened, calcined or uncalcined, 
serpentine has an alkaline reaction. The mineral is readily attacked, and partially 
dissolved by water with carbon dioxide in soln. R. MUller found 124 per cent, 
passed into soln. H. Leitmeier found 3'68 per cent, was dissolved by the action 
of carbonated water on serpentine from Kraubath, Stei^fiiiark ; and the soln. 
contained 3’07 per cent, of magnesium oxide, 0 38 of ferrous oxide, and 0'23 of 
silica. C. R. van Hise represents the action of water by : Il4Mg3Si2O0d H2O 
=3Mg(0H)2+2Si02 ; and the action of carbon dioxide by H4Mg8Si209-f CO2 
=MgC03-f2Mg(0H)2+2Si02. F. W. Clarke and G. Steiger heated serpentine 
with ammonium chloride in a sealed tube for 5 or 6 hrs. ; and leached the cold 
product with water. They found 0’18 per cent, of silica and 5^53 per cent, of 
magnesia passed into soln. A. Lindner also studied this reaction. F. W. Clarke and 
B. A. Schneider said that a soln. of sodium hydroxide does not attack serpentine, 
but if the mineral has been strongly calcined, from 2*00-6’ 23 per cent, of silica passed 
into soln. A. Lindner studied the action of potassium hydroxide* F. W. Clarke 
and E. A. Schneider found that when heated to 383“-412° in a stream of 
dry hydrogen chloride, serpentine, unlike talc, is attacked, and when afterwards 
treated with water, from 9*98-16*73 per cent, of magnesia was extracted as chloride. 
The iron silicate is also attacked. A. Lindner, and R. Brauns also investigated 
the action of hydrogen on serpentine. Serpentine is attacked by ^drocmonc 
flcid, and more readily by sulphuric acid, with the separation of gelatinous silica , 
fibrous serpentine — e.g. chryfeotile — yields fibrous silicic acid. A. Terreil found that 
all the magnesia and iron oxide dissolved by boiling with ^lonc. hydrochloric acid. 
V. Iskyul studied the action of hydrochloric acid, and the solubility of silica in 
serpentine, antigorite, and chrysotile. A. Lin&ner examined the effect of BOCuC 
acid. H. Ota and M. Noda found that powdered serpentine does not show the 
indophenol reaction. The weathering of serpentine has been studied by A. Schrauf, 
and C. R. van Hise ; and A. Lacroix investigated the action of the vapours from 

fumaroles on serpentine. , , , 

In his Hutori(E naturalis ( 19 . 4 ; 86. 31. c. 77 a.d.), Plmy refers to a rare and 
costly cloth, the cremation cloth of kings, which he called hmm mvum. He 
thought that it was of vegetable origin, and gave an imaginary description of its 
growth in the deserts of India. He said that it was called by the Greeks asbedinon 
—from a, not ; and (r/BcWupi, to extinguish— in allusion to its incombustibility. 
He also mentions the amianlhiis or the d/iuivTo? of Dioscorides, Dc 
medica (6. 155)— from a, not ; /itamw, to stein— also indestructible by fire. 
Near the beginning of our era, Strabo, in his Ueographica ( 10 . 1, 6), described the 
occurrence of the mmeral at Carystus, Eubma ; Pausanias, in his OrcBCtc descnptis 
(1. 26), written in the third century, also mentions the properties of the mmeral 
occurring at Carpasius, Cyprus ; and Plutarch, in his De dffedwne oracumum 
( 5 . 2), in the first century of our era, said that the asbestos was used m ancient timw 
for making the wicks of the lamps used by the vestal virgins. In the tterteenth 
century, Marcus Polo in his TraveU ( 1 . 39) mentioned an mdestuctible cloth made 
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by the Tartars which was said to be made from the skin of the salamander, supposed 
to live in fire, but which was found to be woven from a fibrous mineral called 
amicanto. The knowledge of asbestos possessed by the ancients appears to have 
been forgotten. Apart from a few isolated cases, the industrial applications of 
, asbestos did not attract serious attention until towards the middle of the 
nineteenth century.® 

The term asbftstos includes two distinct minerals— actii^olite and chrysotile^- 
both of which have a fibrous structure, silky lustre, ai^d a more or less pronounced 
green colour. Tremolitc, actinolite, crocidolite, serpentine, and the palygorskite 
minerals can form fibrous asbestos. Crocidolite is also known as blue asbestos. 
Actinolite, and tremolite are varieties of hornblende asbestos, or amphibole asbestos ; 
and chrysotile is a variety of serpeniine asbestos. Both arc hydrated ma^esium 
silicates, but actinolite is usually associatdti with more impurities, chiefly lime and 
iron oxide. Analyse.s of commercial samples gave : 



SIOj 

AljOj 

FeO 

MgO 

CaO 

H,0 

Actinolite . 

. (il-82 

M2 

6 55 

23-98 

1-63 

6-45 

(.'hrysotilo 

. 4018 

224 

101 

41-75 

0-00 

3-81 


The sp. gr. of actinolite varies from 3'02~3’17, and that of chrysotile from 2'2-2'3. 
Chrysotihi fibres are much more elastic than those of actinolite. When rubbed 
between the finger and thumb, actinolite splits into harsh brittle fibres, whereas 
chrysotile fibres are elastic and tough, .so much so that it can be spun into articles 
of various kinds. (Jrocidolito is more elastic and possesses a greater tensile strength 
than chrysotile. Chrysotile-asbestos is decomposed by hydrochloric or sulphuric 
acid ; tremolite is not attacked by acids ; while crocidolite or blue-asbestos is fairly 
resistant to acids, chemical soln., and sea-water. C. Matignon and G. Marchal 
examined the corrosive action on asbestos of water in the presence of carbon dioxide 
under 10 atm. press, during 3 years. R. E. Wilson and T. Fuwa measured the 
water adsorbed by asbestos from air of different degrees of humidity. 

Chrysotilo-asbcstos loses water at a red heat, not below, and thin fibres can be 
fused in the Bunsen flame ; tremolitc-asbestos fuses with difficulty ; and croci- 
dolito readily fuses to a black glass. When the water of hydration has been 
expelled, the fibres become brittle, and crumble to powder when rubbed. Asbestos 
fireproofing and building 'materials have been the subject of numerous patents. 
The heat-insulating qualities of asbestos have been tested by W. R. Degenhardt, 
H. Pratt, C. R. Darling C. G. Lamb and W. G. Wilson, F. Bacon, W. Nusselt, etc. 
G. Sever found that asbestos is a better non-conductor than magnesite, but the 
latter has a greater electrical resisfance and “ break-down ” voltage. The electric 
conduction and dielectric capacity of asbestos were discussed by W. S. Flight. 

Spun aabestoa is used for steam packing, fireproof curtains, etc. ; os cloth, twine, and 
rope it is used as an insulator for steam and hot-water pipes and cold-storage plants ; and 
as a lining for safes, stores, and furnaces. Along with other materials asbestos is made into 
bricks, tiles, millboards, plasters, and paints. Some of the prepeirations have special trade- 
names — e.g. uraliie, mand^rUc, c&ilinite, (ubestolile, etc. Uralite is a mixture of asbestos 
fibre, chalk, sodium carbonate, and water-glass moulded and heated in a stove. Asbestos 
in tibrourf powder nuxed with powdered clay or other refractory earth can be made into a 
paste with water and moulded into retorts, crucibles, or bricks ; then dried ; and fired. 
The Socit^t6 M(5run make an asbestos “ porcelain ” from a mixture of about 70 per cent, 
of powdered asbestos and 30 per cent, of powdered steatite wliich is plastic enough to 
mould into bricks and larger quarries. When fired below 1400° the mass is firm and 
porous, and as the temp, approaches 1400°, the biscuit becomes more and more translucent 
and porous as the individual particles contract ; between 1400° and 1660°, incipient vitrifi- 
cation ocems, the porosity diminishes ; above 1660°, the mass fusee. Asbestos porcelain ” 
is used for diapliragms, and porous cells for electro- chemical work since the material is not 
attacked by ordinary acids and bases. 

The mineral meerschaum has long been known. J. L. Smith® described 
it as occurring in earthy or alluvial deposits at the plains of Eskibisher, 
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Am Minor ; and as being formed by the decomposition of the magnesium car- 
bonate embedded in the serpentine of the adjacent mountains. More or less 
magnesium carbonate is often found in meerschaum, so that R. J. Hatiy could 
call it une variete silicifm spoiigieuse de magnesie carbomtee. A. Brongniart, 
indeed, under the term magnesite included (i) the carbonate, (ii) the hydrated 
silicate or meerschaum, and (iii) a siliceous carbonate from Piedmont, but 
F. S. Beudant reserve^ the term magnesite for meerschaum, and called magnesium 
carbonate, gioberite. Many french mineralogists adopted this nomenclature, but 
it is not justifiable on historical grounds. The name meerschaum was applied by 
A. G. Werner in 1788 ; it is the German word for sea-foam ; which in French 
becomes Vecume de mer. The term may have been intended to emphasize the 
porosity and colour of the mineral, or the fact that when freshly dug it is soft, and 
forms a lather with water ; or, as A. Estmfr expressed it, because it dne schaumrtige 
Leichtigkeit hat, und meistens von der Seekusie zu uns gebracht wird ; he also said the 
term may be a corruption of the local word Myrsen. E. F. Glocker proposed the 
term sepiolite from a-ijirU, cuttle-fish, which has a light and porous bone-like struc- 
ture, and being also a product of the sea ddndc spnmam marinam sigmjkahai, 

R. Kirwan called the mineral keffckill. 

The mineral is used commercially for making tobacco pipes, and cigar- and 
cigarette-holders. In Spain, it is used as a building stone. The mineral in Morocco 
is used in place of soap in the Moorish baths of Algeria - hence the term picrrc de 
savon de maroc. Descriptions of the Asia, Minor deposits have been made by 

C. C. von Leonhard, L. A. Emrnerling, X. Landerer, A. Dam our, etc. ; and deposits 
in other localities have been reported by M. von Hantken, J. R. Blum, V. von 
Zepharovich, etc. Analyses of meerschaum were made; by J. C. Wiegleb, M. H. 
Klaproth, L. P. Lynchnell, T. Scheerer, A. Damour, A. Schrauf, F. von Kobell, 

X. Landerer, P. A. Dufrenoy, P. Berthier, A. H. Chester, A. Lacroix, A. von Fers- 
mann, F. Zambonini, M. Kispatic, F. Katzer, J. W. Ddbcreiner, D. Fogy, 

W. T. Schaller, 0. F. Rammelsberg, H. B. von Foullon, A. Liversidge, K.Wcinschenk, 

F. Kovar, G. P. Merrill, P. H. Walker, etc. 

The water of the analyses is significant. A. H. Chester found that about half 
of the 19 -20 per cent, of water passed off below 110“^’, and tlje remainder between 
200” and a red heat. Observations on this subject were made by E. Weinschenk, 

D. Fogy, and F. Zambonini. D. Fogy found that over cone, sulphuric acid, the 
mineral loses 6*53 per cent, of water, and 5’14 per cent, over calcium chloride. 
According to F. Zambonini, the loss of water at different tcn^. is ; 

120'’ 166" 200" 280* 840" 400" 476" 

Loss . . 18 69 19-21 19-33 19-92* 20 '92 21-74 21-96 per cent. 

In T. Scheerer s analysis, the ratio SiO^ : MgO - 9 : 4 ; and C. F. Rammelsberg 
gave 3 : 2. The latter is the value usually accepted. This makes meerschaum 
tetrahydrotrisilicate, H4Mg2Si30jo, or Mg28i303-f 2 H 2 O ; F. Zam- 
bonini gave MggSiaOg.wHgO. H. Michel, and B. Sterett regarded the mineral as 
a colloid, and this agrees with F. Zambonini’s observations on the dehydration and 
the substitution of the water by alcohol and other substances as in the case of the 
zeolites (q.v.). D. Fogy obtained metasilicic acid when the mineral is treated with 
acid, and hence argues that it is a metasilicate, (Mg0H)MgH2Si30g ; and C. Doelter 
assumed that the water removed by cone, sulphuric acid is physically bound, and 
wrote 2(MgSi08).H28i03.wH20, where n itf one or more than one. L. Colomba \ 
gave HgMgSigOig. J. W. Dobereiner Said that an artificial meerschaum can be 
madiD by precipitating a very dil. soln. of magnesium sulphate with one of potassium j 
silicate, well washing the pasty precipitate, and drying it in air. 

Meerschaum is found in irregular nodules which are opaque, with a dull lustre 
somewhat resembling ivory in appearance. The colour is white, pale grey, or cream, 
and sometimes pale green. The mineral is dull and earthy in appearance, but it 
can be polished by rubbing with the finger-nail which presses the particles close 
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together. Meerschaum is so porous that it adheres to the tongue, and floats on 
water. It rarely occurs fibrous. A. Lacroix said that the so-called compact 
amorphous mineral is composed of minute scale-like crystals. A. von Fersmann 
applied the term para-sepiolite to meerschaum, which is largely crystalline. 
W. Vernadsky called it a-sepiolite; and the colloidal gel meerschaum is called 
P-sepiolite — vide infra. They gelatinize differently when treated with hydrochloric 
acid. F. Zambonini says that the gelatinization of the sepiolites depends on the 
conditions of the experiment and not on the constitn,tion of the mineral. He also 
studied the dehydration of the mineral, and found about half the water is lost at 
100° over cone, sulphuric acid ; and most is expelled at 500°. When melted, 
enstatite and silica are produced. L. Colomba said that the crystals of meerschaum 
are pseudo-hexagonal. H. Michel gave for the optic axial angle 2F=40°-50°. 
The sp. gr. of meerschaum depends on the* water content, and is about 2 ; the hard- 
ness is also about 2. H. Michel found the indices of refraction to be a— l*515-r519, 
and y-~r525-l‘529 ; the birefringence is y-a=0'009. F. Tucac found that the 
fibres of meerschaum become pleochroic after taking up organic agents. F. Cornu 
said that when moistened with water it reacts alkaline. The mineral is gelatinized 
by hydrochloric acid. W. Suida found that meerschaum is readily stained by 
basic aniline dyes. According to H. Michel, the behaviour of the meerschaums 
towards aniline dyes, show that they are mixtures of a fibrous, crystalline silicate 
with constant optical properties, and of a gel. The crystalline constituent is basic 
and absorbs acid dyes, whilst the isQtropic substance is acidic and adsorbs basic 
dyes. When a finely powdered sample of meerschaum is subjected to the action 
of a soln. containing methylene-blue and magenta, it is found that the mineral 
becomes blue and the soln. red. This is attributed to the much greater rate at 
which the basic dye is absorbed by the gel. It is used like fuller’s earth for absorbing 
grease. The variable water content of the meerschaums is probably connected 
with the varying proportion of the two constituents, for the constancy of the 
optical properties of the crystalline constituent would seem to show that the 
proportion of water in this is quite constant. 

A soft earthy niinoral from Liingban, Sweden, was named by N. J. Berlin afrodite, 
or aphrodite—lvom A<pp6r, foam. It was examined by A. Schrauf, T. S. Hunt, and H. Fischer, 
tt resembles sepiolito or meerschaum ; its composition, according to C. F. RammeLsberg, 
approximates HjMg^Si^Oj,' The sp. gr. is 2’21. T. Scheorer obtained masses of stellate 
fibres from Areudul ; and compact masses have been obtained from Fisenack, and Riesen- 
gebirge. The mineral was named neoUtc — from vtos, new. The colour is green or brown ; 
the sp. gr. 2 ’625- 2 ’837 and the hardness 1-2. Observations on the mineral have been 
made by C. M. Kersten, P. Herter and E. Forth, A. Frenzol, and V. von Zepharovich. 
F. von Kobell found a flesh-red amorphous mineral filling the spaces among the crystals 
of wollostonito in the loucitic lava at Capo di Bovo, Rome. He called it spadaitc — after 
Medici Spada. The analysis corresponds with 6 MgO. 6 SiO 2 . 4 H 3 O, or, according to 
C. F. Rammelsberg, HgMgjSijOjg.SHgO. H. h’ischor said the mineral is not amorphous 
but oryptoorystalUne. 

In his ITcpl XlOoVy Theophrastus refers to the /xoyn/ri? \t6o^ as being a white mineral 
with a silvery lustre, and easily cut into any shape or figure. This description 
applies ^to steatite or talc, but the word “talc” docs not occur in the writings 
of Theophrastus, Dioxoridos, or Pliny. G. Agricola 11 gave Takk, SdherweisSf 
KatzensiWer, and Glimmer as synonyms lor niagnetu. Glimmer is the present- 
day German term for mica ; and probably talc was confused with some of the 
micas. G. Agricola referred to th§ fire-resisting qualities of talc, and referred to it 
as lapis soissilis. The name talc is generalfy considered to be of Arabic origin, and, 
according to C. Hintze, talc frequently appears in the recipes of the Arabian writers 
of the tenth to twelfth centuries. J. H. Pott quoted Avicenna : “ the aster samius 
is tallz.” U. Aldrovandus stated that the term is of Moorish origin, and that 
hoc nomen appud Mauritanos stcUam significare didtur. The term star or star of 
the earth is an old name for the mineral, suggested by the silvery lustre. A. Breithaupt 
suggested that the term talc is derived from the Swedish fd/jfa, to cut with a knife ; 
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but this is very doubtful. J. H. Pott added that the word cannot be of German 
origin because there is nothing to show that Avicenna, who first used the term, 
ever came into contact with the Germans. In 1636 , B. Csesius used the word 
takhm for the mineral. A. B. de Boodt used talcum; J. G. Wallerius, mta 
Brianzonic, creta Hispanica, creta Sartoria, and tdgstein or lapis ollaris ; A. Cronstedt, 
Talcum, tUlgsten, Speckstein, and stecUite. The word sieatitis occurs in Pliny’s 
Eistoria naturalis as th^ name of an unctuous stone. A. B. de Boodt also employed 
the term steatite. J. B. L. Ilom6 do I’Isle classed talc and steatite with the argil- 
laceous minerals, and, like R.J.Haiiy, regarded steatite as unc varieti deespke talc. 

The mineral was analyzed by M. H. Klaproth 12 in 1797, and by L. N. Vauqiielin 
in 1800 . Since then numerous analyses have been made, and many occurrences 
reported. Alkalies are usually present in very small proportions, if at all. Lime 
may be genetically connected with the* derivation of talc from dolomites. In 
some cases the lime is present as admixed carbonate. Ferrous and manganese 
oxides are commonly present, possibly as silicates in solid soln. Nickel oxide is 
not uncommon — may be as a solid soln. of the oxide or silicate. Magnesium 
silicate is coloured green by nickel oxide. Chromic oxide is sometimes present, 
and the green colour of some specimens of talc is attributed by F. Cornu and 
K. A. Redlich to the tinctorial properties of that oxide. Alumina may be present 
in talc derived from chlorites and aluminous magnesium minerals. M. W. Travers 
found that talc from Greiner gave off, when heated, 004 per cent, of a mixture of 
carbon monoxide and hydrogen, and 0 * 07 , per cent, of carbon dioxide. These 
gases are supposed to be produced by the action of ferrous oxide, water, and car- 
bonate, and are not included in the mineral: 2 FeO-f H.^O'-Fe^Oa | H.2 ; and 
2Fe0+C02~Fe203-}-C0. From the collection of over a hundred available 
analyses, it is not quite clear what is the composition of the idealized mineral. 
E.Weinschenk gives MgO, 31’72 per cent. ; Si02, 63’52 per cent. ; and water, 4’76 
per cent. This comes near to the generally accepted formula : 3MgO.4SiO2.H2O. 
The analyses exhibit a variation in the Mg : Si ratio from about 1 : 1 to 4 : 3 ; and 
the water ranges from 3 to over 7 per cent. C. F. Rammclsberg gave for the ratio 
Si : Mg, 4 : 5 ; and for the ratio H : Si, nearly 1 : 2. The above formula makes 
talc to be magnesium dihydrotetrasilicate, H2Mg3Si40i2; but the formub, 
H2Mg4Si60i5, and H4Mg4Si50ifl, have also been used to represent the composition 
of talc. W. F. Foshag found a sample from Russell, Mass., to lose 0’5 per cent, of 
water after standing over sulphuric acid for 23 days ; 4‘04 per cent, was lost at a 
dull red heat, and 34 per cent, of water was retained. The Joss of the water at dull 
redness is not attended by any essential change in the optical properties, but 
when the firmly bound water is driven off the nftitorial loses its homogeneity. The 
water is assumed to be an integral part of the mol. because it is ex])elled only at 
comparatively high temp. In accord with F. W. Clarke and E. A. Schneider’s 
observation that soda-lye extracts about 17*36 per cent, of the silica from talc 
which has been calcined, the formula can be written, 3MgSi03.H2Si0;), which 
makes the compound a tetrametasilicatc, or, regarding Si30y as a quadrivalent 
radicle : 


Mg 

Mg 

H3 


>Si 04 

sGg 


>Mg 


or 


>Mk 


Talc appears to be formed in nature in many ways, most commonly by the 
hydrolysis of the pyroxenes or amphiboles : 4Mg8i03-fH20-f CO2— H2Mg3Si40i2 
-j-^gCOa; and Mg3CaSi40i2+H20-fC02=H2Mg3Si40i2-f*CaC08. The reactions 
resemble those involved in the formation of serpentine. F. Cornu and K. A. Redlich 
trace the talc of Mautem, Styria, to the action of magnesian waters on the neigh- 
bouring schists. This subject has been investigated by C. H. Smyth, J. H. Pratt, 
A. A. Julien, A. Gurlt, C. H. Hitchcock, B. Weinschenk, J. Rumpf, J. Roth, F. Cornu 
and K. A. Redlich, etc. C. Doelter discussed the colloidal origin of talc. 
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R. Scharizer likens the formation of talc from enstatite to the formation of ser- 
pentine from olivine, and of kaolinite from orthoclase. The idea is illustrated by 
the graphic formulae : 


Q.Mg.9 

O.Si.O.Si.O 

Mg 0 0 Mg 

0 . Si.O.Si.O 
dMg.O 

Enstatito, (MgSiOs), 


OH .OH 

p.Si.oii. 0 

Mg 0 0 Mg 

0 . Si.O.Si. 6 
* 6.Mg.6 
Talc, HjMgjSi^O,* 


when the conversion of enstatite to talc simply involves the removal of an atom of 
magnesium and the substitution of eq. hydrogen atoms. There is no change in 
the type of salt since both minerals are regarded as raetasilicates, and both resist 
attack by acids. 

Talc has not been unequivocally synthesized in the laboratory. J. Lemberg 
allowed a dil. soln. of sodium silicate to act on magnesite at 100® or 200®, and he 
obtained a mixture of magnesium carbonate and silicate by what C. Doelter and 
E, Dittler consider to be a reversible reaction : 3MgC03-f4Na2Si03-f-H20 
~3MgSi()a.Si024-‘'l^^a2^’03-[-2Na0H. C. Doelter and E. Dittler tried if talc is 
formed by the action of steam on a mixture of magnesium chloride and silicic acid. 
The reaction was symbolized: 3MgCl2f6H2O-r4SiO24-3H2O-3MgO.4SiO2.H2O 
4-6HCl4'Aq., but it was not clear whether talc was or was not formed. When 
3Mg8i08.8i02 is hydrolyzed, enstatite is produced. Attempts to make talc by 
molten fluxes— -magnesium chloride and ammonium fluoride — were not successful. 

Talc occurs in foliated or lamellar masses which can be readily separated into 
thin scaly crystals. These flakes are easily bent, but, unlike mica, the flakes do not 
spring back to their original position when released. Hence, the mineral is flexible, 
but not elastic like mica. The thin cleavage flakes are white, yellowish, or more 
commonly of a pale green colour, with a silvery lustre. Talc does not occur in 
distinctly dcvisloped crystals. Thin cleavage flakes are transparent ; their optical 
properti(’s resemble those of mica and the chlorites, and, like them, probably belong 
to the mouoclinic system. J. R. Schncll measured the crystal angles of talc. 
Talc or steatite occurs in crystals which are pseudomor})h8 after various minerals — 
quartz, dolomite, enstatite, topaz, etc. The original crystals have been largely 
replaced by steatite formed by the reaction of hot soln. of magnesium salts on the 
original mineral. , 


The mineral occurs in a compact nassivo form wlu(;h feels greasy or fatty ; it is then 
oalled goapstojie, or Spevhtein. The coarse and granular steatite is grey, greenish- 

grey or brownish-grey in colour, and, wlien more or less impure, usually owing to admixed 
ohlorite, it is called potatone, lapis ollaris, Topjstem, Lavenzstein, and Oiltstein. The 
fine granular or crypto-crystalline steatite may be soft like chalk. The so-called French 
chalk, or craie de Brian^on, is milk-white steatite with a pearly lustre. An indurated or 
slaty talc is called talc schist ; talcose slate is a dark argillaceous rook containing more or 
less talc, wliioh gives it a greasy feel. The so-called rensselaerite is a crypto-crystalline or 
wax-like mineral pseudomorphous after salite or pyroxene. It was described by E. Emmons, 
and L. C. Beck. It was named after S. von Kensselaer. E. Repossi found a talc-like 
mineral in the Valle della Gava, and ho called it gavite. The analysis corresponds with 
H«(Mg,Fe) 4 SijOifl. It resembles talc excepting for its ready solubility in hydrochloric 
acid, and in its water content. W. E. Foshag says that it is not a mineral species different 
from talc. A. K. Leida described a variety of tdo pseudomorphous after pectolite, which 
he oalled stevmsitc ; M. L, Glenn, and A.’F. Rogers regard it as a colloidal magnesium 
silicate. L. W. Hubbard oalled a* flbrous • variety resembling asbestos, heaconiie ; 
and R. L. Packard, a variety with the appearance of vivianite, from Silver City, New 
Mexico, native ultramarine. The pyrallolite of A. E. Noidenakjbld — from icvp, fire; 
SXKot, othei^-appears to be a peeudomorph after pyroxene. According to A. E. Arppe, 
it is not homogeneous, but is a pyroxene partially transformed into st^tite. A variety 
of pyrallolite was found in SiblK), Finland, by J. J. N. Huot and named vargasite after 
Count Vargas, The so-called airahonitzite of V. von Zepharovich is a kind of steatite. 
The talwid of 0. F. Naumann is a white foliated talc wmeh T. Scheerer called neutraler 
Kieeelaauer Hydrotalc, According to J. D. Dana, it is a mixture of talc and quarts. 
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M. H. Klaproth found the steatite fromGdpfersgriin contained rather less ^lioa and rather 
more water than usi^, and he called it hydro8tetUii§. R. Hermann applied the term 
hampshirite to steatitio pseudomorplia after quartz. Analyses were made by 0. Dewei’ 
It is probably not a homogeneous mineral. A. E. Arppe found a greyish-giwn talc with 
7*83 per cent, of ferrous oadde, and 1 per cent, of cupric and zinc oxides, Ho called it 
Eisentalk, or liparite—iTom Aurapoy, fat. 

The sp. gr, of talc has been determined by many of those who have analyzed 
the mineral. The values vary from 2 *6-2 ‘8. The hardness is very small ; tale 
is one of the softest of minerals and represents No. 1 on Mohs’ scale. It is scratched 
even by the finger-nail. F. Malt is found the sp. gr. rose from 2*78 to 3*19 on 
calcination; and the hardness rose to about 6. P. J. Holmquist, and 
A. Kosiwal investigated the hardness; if the hardness on the (0(X)l)-face of 
quartz is 1000, the abrasive hardness of talc parallel to (001) is 2*6, and perpen- 
dicular to (001), 9'3. The heating curve is normal up to 875^ and at about 960° 
an acceleration appears, and the ferrous oxide simultaneously oxidizes. Enstatite 
appears to be formed. J. J oly found the sp. ht. to be 0*2168. A. Daimliolm studied 
the sp. ht. of soapstone. C. Doelter gave 1530° for the m.p. ; W. 8. Howat, 
1380°. When melted, talc breaks up into enstatite or anthophyllite, quartz, and 
water: H2Mg3Si40i2=3MgSi03+Si02-(-H2^- Only hygroscopic water is lost 
at 110° ; all the constitutional water is evolved only at a white heat. F. W. Clarke 
andE. A. Schneider found that at 105° talc lost 0*07 per cent, of water ; at 250°- 
300°, 0*06 per cent. ; at a red heat, 4*43 per cent. ; and at a white heat, 0*35 per 
cent. E. Lowenstein found that over cone, sulphuric acid at 25° with a partial 
press, 21*58, 8*82, and 0*18 mm., the losses of water for equilibrimn were respectively 
0*10, 0*35, and 0*38 mol. A. dcs Oloizeaux found the optic axial angle 2F~19° T 
for the red ray, and 19° 56' for the blue ray at 21*5°, and tln^re is no perceptible 
change when the temp, is raised to 171°. W. F. Foshag obtained 2F~20° + 5°; 
and M. Bauer, 2F--13° for green talc. A. Michel-Levy and A. Lacroix found 
2F=7°. K, Ziinanyi found the indices of refraction for Na-light to be a- 1*539, 
j3“l*589, and y -=1*589. W. F. Foshag obtained a— 1*540-1*545 j:()*{X)5 ; and 
j3— y - 1 *575-1 *585 ± 0*003. The birefringence is negative and strong a - y 0 050 ; 
A. Michcl-Levy and A. Lacroix obtained a--y--0*038-0*013. W. W. Coblent z 
found no hydroxyl band at 3/i in the ultra-red transmission spectrum of talc. 
There arc absorption bands at 5*6/i, 5*95/i,and7*15ft. Thy reflection spectrum shows 
sharp maxima at 9 05/Lt and 9*75/4. The percussion figures were studied by A. Michel- 
L4vy and A. Lacroix, and H. Rosenbusch ; the resulting six-rayed star is oriented 
as with the micas. P. W. Bridgman represented the compressibility of talc by 
dvlvQ— 0 'OQlOip—O' 0 i 2 ^Sp '^ ; and the thormab conductivity at a press, p, by 
0 *00733 -fO OcllSp at 30°. He could not make finely powdered talc wold even at 
30,000 kgrms. per sq. cm. pre.ss,, possibly owing to films of air, A. V. Henry 
found the resistivity, R, in ohms per c.c., of Maryland, Italian, and Indian talcs, 
for a 45-volt, 1000-cycle alternating current, to be 

600 * 600 * 700 * 800 * 900 ’ 1000 * 

Maryland . . 282x10* 719x10* 219x10* 861 X 10* 389x10* 238x10* 

Italian . 169x10* 360x10* 070x10* 363x10* 167x10* 749x10* 

Indian . 670x10® 178x10* 644x10* 179x10* 760x10* .340x10* 

Talc is considered to be a very stable mineral at low temp. G. A. Kenngott, 
and F. Cornu found that talc moistened wth water reacts alkaline whether the 
mineral has been calcined or not. E.^W. Hofmann made some observations on 
this subject. F. W. Clarke and E. A. Schneider heated talc for 15 hrs, at 383°-412° 
in .a stream of hydrogen chloride, and observed no change in weight. Talc 
is not decomposed by acids other than hydrofluoric acid. F. W. Clarke and 
E. A. Schneider found that with fuming hydrochloric acid on a water-bath, about 
1*05 per cent, of magnesia passes into soln. They also found* that when calcined 
talc is boiled with soda-lye, about a fourth of the silica presses into soln., but with 
uncalcined talc, there is no perceptible change. Hence, talc suffers a chemical 
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change on c^cination : H2Mg8Si40i2=3MgSi08+Si02+H20. C. Matignon and 
G. Marchal examined the corrosive action on talc of water in the presence of carbon 
dioxide under 10 atm. press, during ten years. E. C. Sullivan observed a basic 
exchange occurs when talc is treated with a soln. of cupric sulphate. H. Ota and 
M. Noda found that powdered talc does not show the indophenol reaction. The 
metamorphoses of talc in nature have been investigated by A. M. Finlayson, 
J. Roth, and E. Weinschenk. ^ ^ 

Talc or steatite is used as a toilet-powder ; for smoothing the floors of dancing 
rooms ; and as a dry lubricant. Potstone can be turned in a lathe, and fashioned 
into fire-resisting vessels, and slabs. Steatite is used in making the tips of gas- 
burners, since it can be readily cut to the desired shape, and it becomes harder 
in use without fusing. Steatite was one of the fluxes used in making porcelain 
in England in former times ; it is now ilsed as a flux for clays, etc., in making 
sparking plugs ; it is also used in making furnace linings. The powdered mineral 
is used as a filler for paper, tailor’s chalk, crayons, slate, pencils, shoe powder, wall 
plasters, etc. 

A. Cronstedt referred to terra porcellanta particulis impalpabilihus mollis ; 
M. H. Klaproth, to a aoc^Htone or Setfenstein from Cornwall ; R. Kirwan, to a steatite from 
Cornwall ; R. J. Hauy, to mountain soap, or pierre d savon ; L. P'. Svanberg, to saponite— 
from sapo, soap—and also to piotine—hom vidri^s, fat ; R. Owen, to thalite ; J. B. Hannay, 
to hirolingite from Bowling, Scotland; and J. J. Dobbie, to cathkimte from Cathkin] 
Scotland ; all thoHO minerals, grouped as saponites, are probably different varieties of the 
same species, and represent variable mixtures of clay and hydrated magnesium silicates. 
The analyses are, as would be anticipated, very variable. According to M. F. Heddle, 
T. Thomson’s prasxlite, is a variety of saponite, but is usually regarded os a chlorite {q.vX 
E. W. Hilgard described a magnesian clay from Santa Lucia. Its analyses corresponded 
with an impure magnesium silicate which ho called lucianite. 
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§ 32. Zinc, CadiHiium, and Mercury Silicates 

In 1830, A. L6vy ^ described crystals of a mineral which ho found at Altenberg, 
near Morosnet. The analysis corresponded with zinc orthosilicate, Zn 2 Si 04 ; 
and the mineral was named willemite after Willem I, King of the Netherlands ; 
A. Breithaupt proposed to call it hehetine—fxom i7j87/TiK09, youth. The term 
willemite is generally adopted, though it has been variously mis-spelt — williamsile, 
mlkelmite, and villetnite. L. Vanuxem and W. H. Keating had previously reported 
a ferruginous “ siliceous oxide of zinc ” from New Jersey which C. U. Shepard 
had designated troostitc after G. Troost. This is of course not the troostite con- 
stituent of steel. At Mine Hill and Sterling Hill, New Jersey, the mineral occurs 
in such quantities as to constitute an important zinc ore. Analyses in agreement 
with the above composition have been reported by T. Thompson, K. Mouheira, 
A. des Cloizeaux, J. Lorenzen, V. M. Goldschmidt, G. Tschermak, F. A. Genth, 
etc. Manganese often replaces part of the zinc, and ferrous oxide is usually present. 
Analyses of troostite in agreement with the view that it is an isomorphous mixture 
of zinc, manganese, and ferrous orthosilicates were made by R. Hermann, A. Delesse, 
W. G. Mixter, C. H. Stone, G. A. Konig, H. Wurtz, G. Tschermak, and H. B. Corn- 
wall. The sample called by G. A. Konig tephrowillemite is a brownish-grey troostite. 
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The fusion temp, of mixtures of silica and zinc oxide is so great that it is dilhcult 
to make vessels to withstand the temp. G. Rupprecht^ overcame the difficulty 
by making a paste of the mixture to be fused and forming it into a bar, which is 
then heated in an oxyhydrogcn flame so that it is progressively melted, and su 
that each molten globule falls on to a surface covered with the substance under 
treatment. A. Daubree synthesized willemite by the action of silicon chloride 
on red-hot zinc oxid(i; but H. St. C. Deville repeated the experiment and found 
that willemite is decomposed by silicon chloride. Ho obtained the mineral by 
passing hydrogen fluosilicate over heated zinc ; by the action of silicon fluoride 
on zinc oxide ; and by the action of zinc fluoride on silicic acid. J. J. Kbelmen 
obtained relatively large crystals by heating a mixture of zinc oxide and silica in 
molar proportions, with boric oxide in a platinum crucible for 5 days. A. (Jorgeu 
obtained the crystals by fusing a mixture of one part of silicic acid wit h 30 parts 
of an intimate mixture of an eq. of sodium sulphate and U’5-1 oq. of zinc sulphate. 
The soluble matter was removed by leaching with water. G. Stein, and J . M. Jager 
and H. S. van Klooster made crystals of zinc orthosilicato by simply fusing the com 
ponent oxides. With rapid cooling, a glass was formed. According to K. Endell, 
the temp, of formation is much below the temp, of fusion, and he noted that 
45-60 per cent, of zinc orthosilicate is formed when a dry mixture of zinc oxide 
and silica is heated for 24 hrs. between 1075'" and 2(XK)°. M. Riiger obtained zinc 
orthosilicate by heating a mixture of the constituents in theoretical projiortions 
for 2 hrs. at 1200°, and heating the product on a w'ater-bath to nunove soluble 
matters. P. Groth, A. Schulze and A. W. StelziuT, A Scott, and W. M. Hutchings 
noted the formation of willemite in the masonry of zinc furnaces, or in slags from 
ores containing zinc. For colloidal zinc silicates, ride supra, water-glass. 

(’lystals of a zinc silicate have also been reporUxI in glazes highly chargiHl with zinc- 
oxide.* Tlicy were mentioned by (’. J^auth and (1. llutailly in 1888, ami ten years later 
they were adapted a.s a decorative glaze elTect by A. Cli^'inont. J, \V. Mollor s analysis ot a 
large crystal, more or less contaminated with glaze, correspond better with willi'inite than 
with the metosilicato. K Endell believes the crystals are those of zinc inetaHilicate. If 
the glaze contains a small proportion of cobalt oxide in soln., the crystals will abstract the 
colouring matter from the 'glaze and be stained a deep azure blue ; with nickel oxjde, fns' 
from cobalt, the ciystals will be stained a fine turquoise blue ; and with rnangaix'se oxiilo, 
brown. 

• 

The colour of the purer specinums is white, greyish-white, or gri'cnish-ye-llow, 
but when contaminated with iron and other colouring oxides, it may be apple- 
green, flesh-red, yellowish-brown, and dark brown. It may occur in hexagonal 
prismatic crjrstals— long and slender or short a»d stout ; it may also occur massive, 
in disseminated grains, and in fibrous masses. The crystals belong to the trigonal 
system, and, according to C. Palache,^ a : c— 1 : 0*6679 ; and, according to A. des 
Cloizeaux, troostite has the axial ratio a : c — 1 : 0*66975, and a=107° 46 . Measure- 
ments have also been made by A. Arzruni, M. Bauer and R. Brauns, S. L. Pcnfield, 
A. Levy, J. Lorenzen, C. Palache, etc. According to C. F. Rammclsberg, the 
crystals of willemite, troostite, phenacitc, and dioptase arc isomorphous. A. Arzruni 
observed the twinning of the crystals; and H. Traube the corrosion figures. 
A. von Lasaulx found microscopic inclusions of franklinite in the crystals. 
A. Schleede and A. Gruhl obtained X-radiograms of phospherescent zinc silicate. 

The general properties of willemite and troostite are similar. J. Lorenzen 
gave 4*11 for the specific gravity; T. ’Thomson, 3*935; F. A, Gcnth, 4*10; 
W. G. Mixter, 4*11-416; and C. ft Stone,* 4* 132- 4* 188. A. Horgeu’s crystals 
had a sp. gr. 4*25 ; and G. Stein’s 3*7 — in the latter case, probably less zinc was 
present than was thought because of volatilization at the high temp, of the furnace^ 
The li a T ^niwg is between 5 and 6. F. M. Jager and H. 8. van Klooster gave 1509*5 
for the meltiiig point. G. Stein gave 1484° for the freezing point. L. Jannetaz 
found the ratio of the heat oonducttvities in the a and /directions to be Va 'y “0^854. 
0. Mulert calculated the specific heat to be 0*14 ; the heat of solution of the 
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amorphous orthosilicate in iV-HF, to be 99'541 1*17 Cals, per mol; and of the 
crystalline, 90*6 ±0*296 Cals, per mol. Hence, the heat of crystallizatioll is 
9*04 Cals, per moT, or 0 0405 Cal. per gram. The heat of formation of the glassy 
orthosilicato is —23*74 Cals, per mol ; and the heat of formation of crystalline zinc 
orthosilicate from the crystalline metasilicate and zinc oxide is —17*20 Cals, per 
mol. The indices of refraction have been measured by 0. B. Boggild, P. Gaubert, 
and C. Palache, and they respectively found for sodium light £0=1*6928, 1*6931, 
and 1*6939 ; and €=1*7234, 1*7118, and 1*72304 ; and C. Pmache gave for lithium 
light, £0=1*68897 and €=1*71812. F. M. Jager and H. S. van Klooster gave 
1*719 and 1*697 for the indices of refraction of the artificial crystals. The bire- 
fringence is positive. V. M. Goldschmidt found for daylight y— a=0*0237 ; for 
red light, 0*0236 ; for green light, 0*024 ; and for blue light, 0*025. The bire- 
fringence decreases as the contained manganese and ferrous oxides increase ; thus : 

Per cent. MnO+FeO . . . .0*6 4*6 6-13 

7-a 00306 00237 00187 

G. Cesaro made some observations on this subject. A. Ehringhaus and H. Rose 
compared the dispersion and double refraction of the orthosilicates of copper, 
beryllium, and zinc with their mol. wts. According to J. D. Dana, willemite from 
New Jersey is triboluminesccnt since it glows with a blue light in a dark room when 
struck with a hammer. W. Crookes noted the phosphorescence of willemite when 
exposed to cathode rays— vide 4. 25, 5. G. F. Kunz and C. Baskerville noted the 
fluorescence and phosphorescence of froostite— particularly the green varieties— 
when exposed to ultra-violet light, X-rays, and radium radiations. Each a-particle 
striking against willemite produces a scintillation— radium. A . Schleede and 
A. Grulil, and M. Curie studied the luminescence of zinc silicate containing traces 
of manganese ; and obtained X-radiograms of the compound. T. Tanaka inferred 
the presence of manganese, iron, thallium, samarium, and ytterbium from the spec- 
trum of the cathodoluminescencc. The decay of the phosphorescence was studied 
by E. L. Nichols and E. Merritt ; and the brightness of the luminescence by 
E. L. Nichols. C. Baskerville and L. B. Lockhardt and others noted that willemite 
phosphoresces under the action of radium emanations ; and artificial as well as 
natural willemite phosphoresces if it contains small proportions of foreign oxides. 
E. Marsden noted the phosphorescence of willemite under the influence of a-rays 
and ^-ra3rs— 4. 26, 4. T. Liebisch observed neither phosphorescence nor 
fluorescence with the brown crystals of Altenberg when exposed to ultra-violet light. 
He found the emission 'spectrum of troostite at ordinary temp, to be continuous 
from 620-510/x/i with a maximumein the green. At the temp, of liquid air, the 
spectrum is resolved into two parts separated by a small gap in the yellow at 575/i/A. 
W. W. Coblentz found the ultra-red transmission spectrum of willemite has bands 
at 5*9/x and 6*75/i. The reflection spectrum has maxima at 10*l/x, 10*6/x. and ll/^i, 
and a band at 1 1 * 6f£. He infers that the banding of the silica in willemite is d iff erent 
from what it is in quartz. M. Bauer and R. Brauns studied the pyroelectric 
properties of willemite. Willemite is soluble in cold dil. hydrochloric acid, and, 
according to G. Tschermak, orthosilicic acid separates out. J. D. Dana said that 
it is not gelatinized by acetic acid, H. C. Bolton found that willemite is not 
attacked by a cold sat. soln. of citric acid. A. H. Erdenbrecher studied the action 
of hydrogen dioxide on zinc silicate. 

F. M. Jiigor and H. S. van Klooster made cadmium orthosihcate, Cd.,Si 04 , 
by fusing a mixture of finely powti^red quartz and cadmium oxide or carbonate. 
The m.p. was about 1252°, and the indices of refraction over 1*739. M. Ruger 
obtained cadmium orthosilicate by heating a mixture of the constituent oxides in 
theoretical proportions as in the case of zinc orthosilicate. 

J. J. Ebelmen ^ made what he regarded as 2anc metasilicate, ZnSiOs, in groupes 
de cristaux assez voluminevx mats peu mets de forme, by heating a mixture of the 
required proportions of zinc oxide and silica, and boric oxide, in a platinum crucible 
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for 6 days. H. Traube also said that when amorphous zinc silicate, prepared by 
precipitating a soln of zmc sulphate with sodium Silicate, is heated with boric acid 
for 10 days at a high temp., it is converted into a white crystalline powder, which 
has the composition ZnSiOs. G. Stem made the metasilicate by heating a mixture 
of the component oxides in a porcelain tube. 0. Muleit, and H. S. van Klooster 
employed a similar process. H. Schulze and A. W. Stelzner, and V. Steger reported 
crystals of the metasih^jate in the walls of used zinc retorts. K. EndclC-vide supra 
-said that the metasilicate is found in crystallized zinciferous glazes. The 
occurrence of the metasihcato in nature has not been reported. A. Gorgeu was 
unable to prepare the metasilicate by the processes just indicated. M. RUger made 
zinc metasilicate by heating a mixture of zinc oxide and silica in the molar pro- 
portions 1 : 2 for an hour at 900°, and digesting the product with alkali-lye on a 
water-bath for several hours to remove soluble matters. Cobalt oxide is dissolved 
by zinc metasilicate when a mixture of the two is heated for 2 hrs. at 900°. 
R. Schwarz and G. A. Mathis made hydrated zinc metasilicate, ZnSiOg.HgO, by 
mixing dil. soln. of sodium metasilicate and zinc sulphate ; and they converted 
this into hydrated zinc monamminometasilicate, ZnSiO 3 .H 2 O.NH 3 . A. H. Erdon- 
brechor obtained zinc peroxysiheates by precipitating a .zinc salt with sodium 
metasilicate in the presence of hydrogen dioxide. 

H. Traube said that the optical properties of the crystals show that they belong 
to the rhombic system, and that zinc metasilicate' is accordingly a zinc-])yroxcno 
isomorphous with enstatite. H. S. van Klooater said that the crystals are hexagonal. 

F. M. Jager and H. S. van Klooster gave 3 52 at 2574° for the specific gravity. 

G. Stein gave 3'42 for the sp. gr. of the crystals, and 3’86 for the sp. gr. of the glass. 
It is very rare to find the sp. gr. of a glassy silicate greater than tliat of the same 
substance in the crystalline state. G. Stein gave 1429° for the melting point ; 

H. S. van Klooster, 1419° ; and F. M. Jager and H. S. van Klooster, 1437° ; and 
the last-named added that there is a regular decrease in the m.p. as the at. wts. — 
magnesium, zinc, cadmium— increase. 0 . Mulert estimated the specific heat to 
be O' 16 ; and he found the heat of solution of the crystals in A-HF to be 
51'48±0'49 Cals, per mol. ; the heat of formation of the crystalline metasilicate 
from amorphous silica and zinc oxide is 2-49 Cals, per mol. F. M. Jiiger and 
H. S. van Klooster gave 1'623 and 1‘616 for the two refractive indices. H. 8 . van 
Klooster observed with zinc metasilicate uniaxial positive interference hgures ; 
the double refraction was high. K. PJndell found the metasilicate to exhibit 
fluorescence and phosphorescence when exposed to X-rasiB and to radium rays. 
H. Traube said that the metasilicate is insoluble in hydrochloric acid. 

H. S. van Klooster prepared cadmium metasfiicate» CdSiOs, by the direct union 
of the constituent oxides at a high 

temp. He said that while the /,500'’, — f-~-j — — — — — — — — 

crystals of zinc metasilicate are . ' . 

hexagonal, those of cadmium raeta- ' ^ 

silicate are rhombic. The m.p. is ^ 

1155°. F. M. Jiiger and H. S. van ^ ^ ^^^ 0 . 

Klooster gave 1242° for the m.])., 5 

4’928 at 25°/4° for the sp. gr., and ~ 

the indices of refraction over 1'739. /fOOC"" ^ — - 

Cadmium and zinc metasilicates ^0 

form an unbroken series of mixed 
crystals with a minimum at 1052°, * 

with 25 per cent, of zinc metasili- Percent. Cd Si O 3 

cate. Fig. 104. G. Rousseau and „ . xn f.i 

n ir*i. / 1 xi X • • I'iO. 104.— Freez)nj?-point Cur\'e of the Ihnary 

G. Tite found that in preparing z„siO,-C(lSiO,. 

basic cadmium nitrate a layer of a 

solid product appears on the inner surface of the glass tubes. This can be freed 
from the cadmium salt by treatment with alcohol, and is removed from the glass 
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by prolonged treatment with warm water. It forms long scales which, when 
rubbed between the fingers, breal up into microscopic neecRes, showing longitudinal 
extinction in parallel light It has the composition, trihemihytoted cad minm 
meiasilicate, 2CdSi03.3H20, and is soluble in hydrochloric acid with separation of 
pulverulent silica. At a dull red heat it loses very little water, but when heated to 
orange-redness it melts and then iutumesces in consequence of the escape of water. 
If the heating is continued, cadmium oxide is volatilized, and after prolonged 
heating a residue of silica alone remains. It would seem that the presence of 
water is essential to the stability of the mol. 

A, Schrauf • reported tliat ein Cadmium enthaltende^ Silikate occurred in minute 
tricJinio crystals associated with the calamine of Altenberg. It was called eggonite — from 
«77oi/or, a grandson — because it was supposetl to be tlie third generation in a series of 
ca<lmium zinc silicates. According to J. D. Dana, the supposed cadmium silicate is really 
heavy spar or barite. 

What may be monohydraled zinc orthosilicate, Zn2Si04.H20,but is more probably 
zinc dihydrozydisilicate, Zn2(Zn0H)2Si207, occurs in nature as the mineral 
calamine, but has noU been made artificially. H. and W. F. Lowe ^ found a boiler 
scale consisting chiefly of a hydrated zinc silicate which may have been an impure 
form of this compound. As indicated in connection with the history of our know- 
ledge of zinc, the cadmia of Pliny and other ancient writers included the native 
silicate, the native carbonate, and the oxide— cadmia/orwoewm— -which accumulated 
in the flues of zinc furnaces. Both J. G. Wallerius, and A. Cronstedt refer to 
lapis calamimris, cadmia officinalis, zincum naturale calciforme, and Galmeja. The 
term Galmei is now a miner’s term applied to ores containing calamine, and zinc 
spar. The word “ calamine ” appears in the French translation of J. G. Wallerius’ 
book, and it was also used by J. Ik L. Rome de I’lsle. T. Bergman in his De mineris 
zimi (Upsala, 1779) showed that two minerals are in question ; the one contained 
zinc oxide and silica, and the other zinc oxide and carbon dioxide. B. Pelletier 
found silica in a zinc mineral from Breisgau which had previously been called 
zeolite of Breisgau because it gelatinized with acids ; and M. H. Klaproth found 
silica in a zinc ore from Scotland. J. Smithson, however, cleared up the subject 
in 1803, by showing clearly that the mineral from Kezbanya is a silicate, and the 
zinc spar from Derbyshrro and Somerset is a carbonate. He called the silicate 
eled/rio calamine. The distinction established by J. Smithson was recognized by 
K, J. Haliy, and A. Preithaupt. C. C. von Leonhard called the silicate Galmei, 
and the carbonate Zinkspath. J. F. L. Hausmann called the silicate Zincglas 
1). L. G. Karsten, Zinkglaserz; and A. Breithaupt, Kiesdzinkspath, and Kiesel- 
zinkerz. In 1807, A. Brongniart called the silicate calamine, and this term was 
adopted by F, S. Boudant, who called the carbonate smithsonite after J. Smithson. 
In 1852, H. J. Brooke and W. H. Miller reversed these names ; and in 1853, 
G. A. Kenngott suggested hemimorphile for the silicate in order to avoid any con- 
fusion, and to emphasize a most interesting feature of the mineral, viz., its hemi- 
morphism. 

Clays carrying various proportions of zinc silicate are common m the zinc regions of 
Houth-weetem Missouri and Arkansas and in Virginia. They may be red, tough, but 
non-plastic ; or yellow, grey, or brown with a greasy feel, and plastic when wot. In diying, 
they shrink and crumble into fragments. They have been called tallow clays.* They 
were described by W. H. Stmmon, J. C. Branner, T. M. Cliatard and H. N. Stokes, 
W. F. Hillebrand, F. ScliOnichen, and B. H. Heyward. H. Rose reported a leek-green or 
emerald-green mineral from Altenberg near Moresnot, and hence named it moresnetite. 
G. A. Kenngott sliowed that it is a mixture of calamine and clay. C. U. Shepard obtained 
an ooheroua aggregate associated with the zinc ores at Sterling Hill, N.J., and named it 
i'anuxemite — after L. Vanuxem. J. D. Dana regards it a mixture of a zinc silicate and clay. 
E. E. Libman studied the products obtained by sintering mixtures of silica, alumina, uid 
zinc oxide. 

Numerous analyses® have been made, and many occurrences reported. 
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C. F. Rammel8berg,io J. F. Wiik, W. Vernadsky, and G. Tschermak favoured the 
hypothesis that calamine is monohydrated zinc (Mhosilicate^ ZnoSi 04 .Ho 0 . The 
water, however, is given off only at a red heat, and hence P. Groth, and F. W. Clarke 
and G. Steiger thought that the water must be an integral part of the mol, and 
assumed that calamine is zinc dihydroxymelasilicate, (Zn 0 H) 2 Si 03 . F. Zamhonini 
showed that the contained water is present in two forms, since about half the water 
is lost continuously up, to about 500°, and this loss is not attended by any marked 
change in the optical homogeneity of the crystal. He assumes that it is present 
as “ dissolved water.” The second half requires a very high temp, for its expulsion, 
and it is to be regarded as “ constitutional water.” He therefore assumes that the 
composition is best represented by the formula, 2 ( 2 Zn 0 .Si() 2 )H 204 H^O ; or 
Zn 2 (Zn 0 H) 2 Si 207 .H 20 , thus making the^ compound zinc dihydroxydmlkatc. This 
view shows how climedriie, (Ca 0 H)(Zn 0 H)Si 03 , has no crysiallographit* resem- 
blance to calamine, which would not be so clear if calamine has the formula, 
(Zn 0 H) 2 Si 03 . F. Zambonini emphasized the crystalIogra}»hic relationship 
observed by K. Vrba between calamine and bertrandite, Be 2 (Be 0 If) 2 Si. 207 . 

The colour of calamine is usually white, but it may have a delicate blue or green 
tinge ; the colour may also pass through various shades of yellow to brown. The 
mineral may occur massive in nodules and fibrous. The mihdc from Nijni-.lagurt, 
Ural, has been described by 0. Radochoffsky, G.'^A. Keimgott, A des Cloizeaux, and 
G. J. Brush ; it is considered to be a pale blue or green concretionary calamine. The 
mineral may also occur in crystals. These .were described by J. B. L. Rome de 
lisle as prismatic with dihedral summits, whereas the carbonate was said t-o be 
scalenohedral like dog-tooth spar ; but he did not apjireciate the iniportanco of 
this difference as a di.stingui8hing test. R. J. Haiiy described only the crystals 
of the silicate, and he regarded nativi^ carhonatcc zinc as an impure calcareous zinc 
oxyde. The crystals were examined by F. Mohs, A. Levy, H. Daub(‘T, F. Hessen- 
berg, A. des Cloizeaux, H. Schulze, M. Bauer and R. Brauns, G. Cosaro, 
G. A. F. Molcngraaff, K. Monheim, J. R. Blum, G. Rose, H. Traubo, P. Groth, 
etc. According to A. Schrauf, the crystals belong to the rhombic system, and have 
the axial ratios a: b : c— 0’78340 : 1 : ()• 47782. The crystals exhibit twinnixig and 
have hemihedral forma. The hemimorphism was studied by M. Si^ebach and 
F. P. Paul. The corrosion figures were studied by H. Baumhauer. The cleavage 
according to ((X)l) is imperfect, and perfect according Ho (110). V. von Lang 
found the optic axial angle for the red, yellow, and green rays to be respectively 
2F=47° 30', 46° 9', and 44° 42' ; while A. des (loizeaux fomnd for the yellow ray 
45° 57'. V. von Lang measured 2 A’ - -81° 3', 78° 7', and 76° respectively for the rod, 
yellow, and green rays, while A. des Cloizeaux ga^fe 82° 30', 80°, and 75°. By raising 
the temp, from 8*8° to 121°, the latter found the optic axial angle changed from 
85° 21' to 76° 32'. The specific gravity was determined by many of tliose who 
analyzed the mineral ; A. ]j<wy gave 3*379 ; K. Monheim, 3*43 3*49 ; G. Rose, 
3*435-3 87l ; F. P. Dunnington, 3*40 ; J. R. MacDirby, 3*338 ; etc. The hardness 
is 4-5. G. Spezia was able to melt the mineral to a white enamel, by feeding 
the flame with hot air. A. des Cloizeaux gave for the indices ol refraction for 
yellow light, a=l*615, jS - 1*618, and y-"l*635 ; U. Panichi, a“l'61376, ^ - 1'61673, 
and )/=l*6355 ; and V, von Lang, a— 1*61358, j3~l*61696, and y— 1*63597 ; the 
la.st-named also gave for red light, a- -1*61069, ^=1*61416, and y“l*63244; and 
for green light, a--l*61706, 1*6202, and y==l*63916. U. Panichi found that the 

values of a and y at the temp, of liquid air are but slightly reduced, while is de- 
creased by 0*0032. The decrease of is’attendeS by an increase in the optic axial 
anglw. The birefringence is strong. V. von Ijang gave for red light, y- a - 0*02175 ; 
and for green light, y“a=^0’02210 ; and U. Panichi gave for yellow light, y— a 
=0*02174. The optical character is positive. T. Liebisch observed the fluor- 
escence of the mineral imder the influence of ultra-violet light. The emission 
gpe ct r u m at —180° behaves like that of troostite. The mineral is also tribolumines- 
cent. P. Riess and H. Rose, F. Kohler, and A. L4vy found the mineral is strongly 
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pyroelectric* M. Bauer and R. Brauns noted that with a fall of temp., the electri- 
fication is stronger the longer the heating. J . and P . Curie noted the piezoelectric 
effects of compression—the ends with (001), (Oil), and (101) are negatively electrified, 
and the end with (121) is positively electrified. Calamine is soluble in adds, and, 
according to G. Tschermak, gelatinous orthosilicic acid separates out. J. D. Dana 
said that the mineral gelatinizes with acetic add ; and is soluble in a cone. soln. 
of sodium hydroxide. H. C. Bolton said that a cold sat. sbfp. of dtric add attacks 
the mineral ; and H. Brandhorst found that it is ins(^uble in an ammoniacal soln. 
of ammonium carbonate. 

II. Jlomtriigor mixed an aq. soln. of a zinc salt (1 ; 10) with an equal vol. of a soln. 
of sodium silicate of sp. gr. 1*3.57 dil. with half its vol. of water. The mass was washed 
with hot water. It melted when heated, forming a transparent glass with a composition 
correH]:)ouding with zinc trisilicate, ZnO.SSiO,. The description includes no trustworthy 
evidence of chemical combination. 

L. Bourgeois 12 niade cadmium orthosilicate, Cd28i04, by heating mixtures of 
cadmium oxide and amorphous siHca for several hours. It resembled cobalt 
orthosilicate (q.v.). A* Duboiii first calcined a mixture of cadmium oxide, silica, 
and potassium fluoride ; and remelted the product with an excess of potassium 
chloride for 72 hrs. He thus obtained crystals of the orthosilicate, and cadmium 
oxyorthosilicate, Cd2Si04.Cd0. A. I. Walcker found a soln. of sodium silicate 
gives a white precipitate with mercuums nitrate soln. — possibly mrcurous silicate. 
Soln. of mercuric chloride give no precipitate of mercuric silicate, and when the soln. 
is evaporated, crystals of mercuric oxychloride are formed. 

H. S. van Kloostcr found that no lithium zinc silicate is formed in the binary 

system witli lithium and zinc meta- 
silicates. The eutectic temp, is 
nearly 990°, and the eutectic mixture 
has nearly 52 per cent, of lithium 
metasilicate. The dotted portion of 
the curve, Fig. 105, was not deter- 
mined thermally, hut was estimated 
from optical observations on the 
solid products. R. Schindler said 
that a potassium zinc silicate sepa- 
rates in white flakes when zinc in 
contact with iron is dissolved in 
potash-lye containing silica in soln. 
He said that the flakes contain 
water ; dissolve in an excess of 
potash-lye, and in acids with the 
separation of gelatinous silica. There is here no evidence of the formation of a 
chemical individual. A. Duboin found that if precipitated zinc oxide is added 
to a soln. of silica in molten potassium fluoride, contained in a platinum crucible, 
and the cold mass remelted with the addition of potassium chloride, and maintained 
in that state for 72 hrs., two potassium zinc silicates are formed. These may be 
separated by a heavy liquid made by dissolving mercuric iodide in an aq. soln. of 
lithium or sodium iodide. The heavier silicate has a composition K20.6Zn0.48i02, 
and it forms small prismatic crystals* of sp. gr. 3*68 at 0° ; the lighter silicate has 
a composition 8K20.9Zn0.17Si02* and it ^orms large prismatic crystals of sp. gr. 
2*96 at 0°. Both are readily decomposed by hydrochloric acid. The constitution 
is not analogous to that of the potassium magnesium silicates. The data as to 
homogeneity are scarcely sufficient to justify naming the two products. 

J. E. Wolff reported a white mineral from Franklin, N.J., which had a composi- 
tion corresponding with the idealized formula Ca2ZnSi207, or zinc dlcaloiam 0^0- 
disUicate, and it was called hardystonik. The crystals are tetragonal ; the index 



Fio. 105. — Freezing-point Curve of the Binary 
System: ZnSiOj-LiSiO,. 
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of refraction for Na-light (o=l‘6691, and €=1‘6568; or c— w=00123; for 
Li-light, ai=l'6758, €=1‘6647, and €— a)=0*0111f The birefringence is negative. 
The sp. gr. is 3’396 and the hardness 3-4. The mineral gelatinizes with hydrochloric 
acid. K. Hofmann-Degen found a tetragonal silicate which he called justile in 
the slag at the Clausthal silver works. The composition approximates 
(Mg,Fe,i^,Mn,Ca) 3 Si 203 , where Ca : (Mg,Fe,Zn,Mn)=l : 1. The refractive indices 
for Na-light are €=rp581, and aj=l*6712. Justite is isomorphous with hardy- 
stonite. A slag from Bochum contained tetragonal crystals of a member of 
the hardystonite family with the composition R" 3 Si 2037 , whore R represents 
Ca : (Mg,Fe,Mn)==l : 1. A. Duboin found crystals of potassium cadmium tritero- 
silicate, K 2 CdSi 40 io, among those of the cadmium siHcates indicated above. 

S. L. Penfield and H. W. Tooto obtained a colourless; white, or amethyst-blue 
mineral from Franklin, whoso composition agreed with formula H 2 ZnCa 8 i 04 , or 
zinc calcium dihydrometasilicate, (Ca 0 H)(Zn 0 H)Si 03 , and he called it cUno- 
hedrite. The monoclinic crystals had the axial ratios a:b: c=0‘68245 : 1 : 03226, 
and j3=76° 4'. The birefringence is small. The optical character is negative. 
The sp. gr. is 3‘33 ; and the hardness 5*5. The mineral gelatinizes with hydro- 
chloric acid. Several cases in which zinc can replace more pr less magnesium and 
calcium in the silicates have been indicated in connection with the magnesium 
silicates. G. A. Konig analyzed one with five basic elements —magnesium, zinc, 
manganese, calcium, and iron (ferrous) — present in appreciable quantities. 
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§ 83. The Boroellioatee 

M. Faraday, 1 and W. V. Harcourt prepared a number of borosilicate glasses ; 
and W. Guertler showed that silica is insoluble or only slightly wluble in fus^ 
boric oxide. A. V. Bleininger and P. Tcetor prepared fused mixtures of boric 
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oxide and silica, presumably homogeneous, with a composition ranging between 
B 2 O 3 and BiOa.aSiOg. The pcoperties of various borosiHcate glasses were in- 
vestigated by W. E. S. Turner and co-workers— vide glasses. The constitution of the 
boratosilicate minerals was investigated by G. Cesaro and described in his memoir : 
Sur le role du bar dans les silicates. He considers that the boron is best regarded 
as part of the acid radicle, in which silicon is replaced by B 2 O ^ 

H. S. van Klooster 2 measured the f.p. curves of mixtures of lithium metasilicate 
and metaborate, and found that no lithium borosiHcate is formed, but mixed crystals 

were produced with up to 24 per cent. 

— — I of lithium silicate and with up to 9 

7 ^® lithium metaborate— 

^ 0^3 L. ^ mixtures of 

^ ipOO ^ sodium metasilicatc and sodium 

5 S00° A — metaborate, no sodium borosiHcate is 

|s formed, but the product is immis- 

^ /l -i- cible in the solid state when between 

700 ^ Nr ~Y ^ sodium meta- 


^ fe^entufor "PercenUkkr W.B. Hicks » obtained a mineral from 

Searles Lake, San Bernadino, Cali* 
Fms. lOli and lOT.-Freezing^point Curves of ^ ■ composition approxi- 

the Binary byntema: LijSiOj-'LiBO^, and . , , \t dO A^ori n 

No,SiO,-NaUO.. . mafrd to Na 2 O.B 2 O 3 . 4 SlO 2 . 2 HiO, 

when what appear to be accidental 
impurities are eliminated. The composition of searlesite— as the mineral was 
called—is thus analogous with that of analcite— wrfc w/ra— NaB(Si 03 ) 2 .H 20 , or 
sodium borodimetasUicate. The crystals are probably monoclinic. The optic 
axial angle 2E is very large, and the indices of refraction a—1'520, and y— L528. 
The mineral is fairly soluble in water, and is decomposed by hydrochloric acid. 
After treatment with dil. acid, the index of refraction fell to 1*47, and the optic 
axial angle also decreased. 

H. Erni^ detected boric acid in a mineral from Danbury, Connecticut. 
(/. U. Shepard found no boric acid, and named it danburite. J. L. Smith and 
G. J. Brush found about 27 per cent, of boric oxide. Analyses were made by 
G. J. Brush and E. S. Dana, J. E. Whitfield, E. Wittich and J. Kratzert, A. Schrauf, 
and E. Ludwig. It has also been found at Russell, N.Y., and C. Hintzo, G. vom 
Rath, and G. Seligmann observed the mineral at Piz Valatscha, Switzerland ; 
A. Lacroix in Maharitrtf, Madagascar ; and N. Fukuchi in Obira, Japan. According 
to G. A. Konig, some slender prismatic crystals of danburite, associated with 
chlorite and tourmaline, were called bemnlite, after C. S. Bement. A. Lacroix 
estimated the composition of the idealized mineral to be 22 8 per cent. CaO ; 28 ’4 
per cent. B 2 O 3 ; and 48 8 per cent. Si 02 , in agreement with the formula CaB 2 Si 203 . 
W. Kupferburger obtained a similar result. The constitution has been discussed 
by C. F. Rammelsberg. P. Groth compares the danburite with barsovite, 
CaAl 2 Si 208 ; and W. C. Brogger with hellandite, barsovite, abdalusite, and topaz. 
According to G. Cesaro, danburite is a neutral tricalcium metaboratosilicate with 
part of the silica replaced by the dyad radicle B 2 O". F. W. Clarke regards it as 
calcium diborylmetasilicate, and barsovite as an orthosilicate : 


SiO,-B=0 
^^Si0,-B=0 
Oubuilta, Oa(8IO,),(do), 


_ BiO=Al 
‘^'‘<SiOsAl 

BftTsowlte, Ca(8i04),Al, 


The mineral occurs massive and crystaUine ; and its colour is pale yellow or 
white. The crystals have been studied by H. Buttgenbach, G. J. Brush and 
E. S. Dana, C. Hintzo, A. Lacroix, V. M. Goldschmidt and J. Philipp, 
H. L. Ungemach, etc. The crystals belong to the rhombic system, and, according to 
M. Schuster, they have the axial ratios a : 6 : c=0*54446 : 1 : 0*48006. The cleavage 
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is distinct. G. J. Brush and E. S. Dana found the optic axial angle 2V to be 87"' 37' 
withLi-light ; 88° 23, with Na-light ; and 90° 56, i'ith light filtered through a solii. 
of a copper salt. A. Lacroix gave 2 86° 54'. M. Kawamura gave 2 K-89‘' 50'. 

G. J. Brush and E. S. Dana gave for Li-lighi 2// -4 00° 33' and 100° 35' ; for Na- 
light, lOrSO' and 105° 36' ; and for light transmitted by a copper salt, 107° 36' 
and 102° 13'. A, des Cloizeaux, and E. Wittich and J. Kratzert made similar 
measurements. .The sp. gr. found by G. J. Brush and E. S. Dana was 2‘95 2'97 ; 
by C. Bodewig, 2 ’986; by, E. Ludwig, 2 985; by W. T. Schaller, 2 '98; by 
W. Kupferbiirger, 2‘95 ; and by A. LacroLx, 3T(). The hardness is about 7. The 
mineral readily fuses to a colourless glass. The indices of refraction, given by 
C. Hintze, are for the Li-, Na-, and Tl-rays respectively, a ^^1 '6258, 1 6317, and 
lf)356; j3=-l-6293, 1'6340, and r6375; and )/-:l‘6331, 1 6363, and 1'6393. 
M. Kawamura obtained a=:l'6303, j3-~f‘6333, and y- r6363 ; W. Kupferbiirger, 
for Na-light, a— 1‘630, and y=l'636 ; and E. 8. Larson, a - 1'632, j8 1 634, and 
y=l-636. The optical character is negative. The mineral exhibits thermo- 
luminescence, glowing with a reddish light. The mineral is atta(‘ked slightly by 
hydrochloric acid ; but if it is previously ignited, gelatitjous silica is formed by the 
action of this acid. • 

J. Esmark® obtained a boriferous mineral from Arendal, Norway, and he 
called it datolitfr-from Sarfofxai, to divide -in allusion to tht' granular struct ure 
of the massive variety. The mineral was analyzed by M. H. Klaproth, and 
L. N. Vaiiquelin. A. G. Werm'r, and A. Broygniart called Jt datholilc, but ('. C. von 
Leonhard emphasized that this spelling is wrong. K. J. Uaiiy called it vhani 
Imatee siliceuse : and J. F. L. Hausmann, eHtmrkitv. 


J. 1*’. L. Hausinann, and K. J. Haviy stated that tbo rrystals nf daloliO' beloufi; to tbo 
rhombic system, aiid A. L6vy found crystals of a mineral which helon^^ed to the mono- 
clinic system, and ho named it hufuboldtlf, F. Mohs and othem showed that huniboldite 
and datolite are of the same mineral species. J. K. L. Hausmann called a lihrous form of 
datolite, botriohte or botryolUc,— (ron\ ^orpvs, a grape. Al. H. Klaprot li, C. 1*. Itammelsberg, 
and A. Lacroix showed that botryoiite is of tlio same mineral species as datohlo. 'I'lie 
luiytonte from Hay Tor, Devonsliire, described by C. Tripe, C. lo Novo Post/er, A. Volk- 
inann, W. Haidinger, K Flessenberg, C. S. Weiss, E. (Jeinit/, E. F. (docker, J. H. Ulum, 
J. F. L. Hausmann, T. A. Dufi^noy, H. J. Hrooke and VV. Jl. Miller, J. IMiillips, A. ixWy, 
and I). Brtnvstor appears to be datolite alt-ei-od to chalcedony. O. Ludecke lias publisluHi 
a monograph on datolite, , 

Various occurrences and analyses of datolite have been reported. Gold- 
sclimidt gave for the loss on ignition of a sjiecimen from Bologna, I'O per cent. ; 
Arendal, 3'0 per cent. ; and Bergenhill, 5'0 per cjsnt. 0. F. Jlammiisbergsaid that 
the boron behaves as an electropositive element. The comjiosition of the idealized 
mineral corresponds with H‘jGa2B2SijjOio i (^><1 B* Groth wrote the formula 
Ca{B.0H)Si04, calcium hydroxyboro-orthosilicate ; and V, Goldschmidt repri'StMited 
it by Ca2{H2B)Si20io- A. Himmelbaiier found the silicic acid liberaUHl by hydro- 
chloric acid*^ corresponded with (L Tschermak’s Il2Si205. or daloUtk cu'M. Ho 
assumed that the calcium is joined in part to thi* boron and in part to the silicon, 
(H.i3.(>a)2(Si205)2. G. Cesaro supposed that datolite is calcium acid metasilicate 
with some silicon replaced by BoO ". E. Baschieri made some observations on this 
subject. F. W. Clarke represents datolite as calcium dihydrodiboryldiortho- 
silicate, and shows its relation to humitc, cuclase, and gadolinitc by the fonmihxi : 


Datolite. 


(/a<,,. *>C'a 

Euclaiie. 


Hoiiilllte. 


Fc. 

Ea' ' ‘ ^>Ca 
Gadolinlle. 


A. do Gramont ^ synthesized datolite in the form of long acicular crystals by 
heating in a closed steel tube a mixture of 5 grms. of precipitated calcium meta- 
silicate and 25 grms. of borax for 36 hrs. at 400°. Less satisfactory results were 
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obtaiued with mixtures of soda water-glass and calcium borate at 300°, or of 
calcium oxide, boric oxide, aud 4 soln. of alkali at 400° for 18 hrs. 

Datolite occurs massive, botryoidal, and in crystals. The coloui is white or it 
may be tinted grey, green, yellow, red, or blue ; or the mineral may be a dirty 
olive-green, or yellow. The crystals have been studied by 0. Luedccke, W. Schulze, 
E. V. Shannon, J. Lehmann, R. Riechelmann, V. M. Goldschmidt, L. BrugnateUi, 
H. P. Whitlock, M. F. Heddle, B. K. Emerson, C. U. Shepard, A, des Cloizeaux, 
A. C. Hawkins, 0. C. Farrington, T. Nocca, R. Gorgey and V. M. Goldschmidt, 
H. L. Ungemach, S. G. Gordon, F. H. Schroder, C. W. Cooke and E. H. Kraus, 
E. S. Dana, R. Kdchlin, etc. The crystals belong to the monoclinic system, and, 
according to C. F. Rammelsberg, and H. Dauber, they have the axial ratios a :h\c 
—0*63287 : 1 : 0*63446, and j3=89°6r 20^^'. The cleavage is distinct. H. Baum- 
hauer studied the corrosion figures, The Optic Mfial angles have been determined 
by C. Bodewig, F. Sansoni, 0. Luedecke, etc. L. BrugnateUi gave : 

LI*Une. C-llne. D-Une. Tl-llne. ^-Une. f-Une. 

m . . . . 74^4^ 74‘'34' 74" 6' 73" 27' 73" 26' 72° 31' 

2K . . . . 74°39' — 74" 21' — 

• 

A. des Cloizeaux found a rise of temp, from 17°-171*5° had no perceptible effect 
on the optic axial angles. C. Bodewig found 2// =89° 31' 7" at 20° ; 89° 28' 13" at 
126° ; 89° 27' 36" at 130° *, and 89° 26' 28" at 222°. F. Ulrich gave 2F=74° lU 
to 74° 16'. When cooled to 21°, 2H=89° 29' 41", indicating a slight change, 
'fho specific gravity was found by G. A. Kenngott to be 2*968 ; J. Fromme 
gave 2*950-2*952; T. Nocca, 2*995 at 18°; F. Ulrich, 2*993; L. BrugnateUi, 
2*907 ; G. C. Hoffmann, 2*985 ; and A. Himmelbauer, 3*003. G. A. Kenngott 
found the hardness to bo between 5 and 6. The mineral fuses to a clear glass 
before the blowpipe flame. According to C. F. Rammelsberg, the water is expelled 
from datolite only at a high temp. The indices o! refraction were determined by 
A. des Cloizeaux, L. BrugnateUi, 0. Luedccke, T. Nocca, etc. W. F. P. MacLintock 
found a ^4*626, /3=1*653, and 7=1-670. A. des Cloizeaux gave for the red and 
yellow light, a -1*6248 and 1*6260 respectively; j3=l*6510 and 1*6535; and 
7 - 1*6670 and 1*67(X). L. BrugnateUi gave for Li- and Na-light, a=l*6217 and 
1*6246 respectively ; jS— 1*6492 and 1*6527 ; and 7=1*6659 and 1*6694. F. Ulrich 
gave a 1*654, j3=l*654, and 7=1*670. U. Panichi investigated the action of 
low temp, on the refractive index of datolite. W. W. ('oblentz found that in 
the ultra-red transmissioiLspcctrum of datolite the hydroxyl band appears at 2*8/x. 
There are other bands at 2/i, 3/i, 5*3/Lt, aud 6*3/x. 'Ihc reflection spectrum has 
small sharp maxima at 8*8fi, 9*2)x, 9*5/i, 10/x, and 10*8/i. W. G. Hankel studied 
the pyroelectric behaviour of datolite. According to G. A. Kenngott, when 
the powdered mineral, calcined or uncalcined, is moistened with water, it reacts 
alkaline. With hydrochloric add, gelatinous silica separates. A. Himmelbauer 
found that the mineral is decomposed by cold acetic add, and by ammonium 
chloride at 100°. F. W. Clarke and G. Steiger also investigated the action of 
ammonium chloride. The geological changes have been discussed by J. Roth. 

S. R. Paijkull^ described a black or brown mineral found on the Stocko, 
Brevig, Norway ; and he named it homilite— from d/xiAc'w, to occur together- 
in allusion to its accompanying raelinophane and erdmannite. Analyses were made 
by S. R. Paijkull, and A. des Cloizeaux and A. Damour. They correspond very well 
with the formula Ca 2 FeB 2 Si 20 u ; and are thus related with those of datolite. 
G. Cesaro supposes homilite to be like aatolite but containing some iron. The 
graphic formula given by F. W. Clarke— vide supra— is closely akin to that of 
datolite. This makes the mineral caldum ferrodihoiyldiorthosilicate. 
A. E. Nordenskjold emphasized the close similarity between the crystals of datolite 
and of homilite. The crystals are monoclinic, and, according to A. des Cloizeaux, 
the axial ratios are a : 6 : c=0*6249 : 1 : 1*2824, and |3==89° 21'. The cleavage is 
indistinct. A. des Cloizeaux found the optic axial angle 2H=97° 5' to 98° 22' with 
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red light. The sp. gr. given by S. R. Paijkull is 3*28 ; and that given by A. des 
Clokeaux and A. Damour is 3*34. The hardness is 4*5'^‘5. A. des Cloizeaux and 
A. Damour said that some of the crystals are throughout doubly refracting ; others 
have a green doubly refracting kernel surrounded by a yellowish crust of a singly 
refracting substance ; and still others are entirely singly refracting. The com- 
position of the singly refracting material is like that of crdmannite. E. S. Larsen 
made observations on the optical characters of homilite. 

• 

The complex mineral erdmannite has been treated ainonj? the rare earth minerals. 
It was first described by N. J. Berlin. It is dark brown without a sign of i n stullization. 
Analyses were reported by A. des Cloizeaux and A. Damour, C. A. Michaelson, and 
N. EngstrOm. W. C. BrOgger gave it the formula .‘lHO".H"'j.()a.2Si()i,, whom HO repre- 
sents mainly calcium, ferrous, and beryllium oxides; K^'^Oj reprewmCs ferric and borio 
oxides ; and the rare earth sesquioxides. He called it cer^honubti'. 

Rounded nodules of a calcium borosilicate nuneral wore found by H. How • at Brook* 
ville, Nova Scotia. The mineral was called hOwUtS by J. 1). Dana. Analyses v^ere mode by 
H. How, S. L. Penfield and E. S. Sperry, A. S. Eaklo, and W. B. (bias. 'I'he composition corre- 
sponds with HjCajBjSiOi4. C. F. Hammelsbcrg gave forthoformuIa('a4B,oSij02j.r)H40, 
and he regarded the mineral as a complex of calcium liorate. calcium silicate, and boric 
acid. P. Groth assigned to it the formula Hjt'atBOils.lljCaSiO*. and thus reganleil 
it as a complex of metaborate and orthosilicate. G. tVsam n^gartls howhti^ as an ortho- 
silicate with some silicon replaced by BjO". W. and D. Asch rt>prtwented it by 
4Ca0.2Si04.5B,03.5Ht0. C. F. Hammelsberg found the water was expelle<l at 350’, 
and hence regarded it as water of crystallization. The acicular or prismatic crystals 
belong to the rhombic system. Howlite may also occur in white earthy masses. The 
sp. gr. is 2*55, and the hardness 3-4. H. How* also doscribwl a white crystalline calcium 
Ixirosilicate from Winkworth, Nova Scotia. Ho called it uinkwortlnii’. it is ri’iganlotl ns a 
mixture of gypsum and howlite, W. G. Giles obtaineil from San Bomadino, t'ahforma, 
an amorphous mass of what he called bakcriie —after H, ('. Baker. The analyses corre- 
sponded with 8Ca(),(>SiO2.(iB./)j.0ir.i(). The sp. gr. was 2 73; and the hanlru^ss 4^. 
It is readily soluble in dil. hydrochloric acid. A. S. Eakle claims that rwMdhlc-vntc 
6. 32, 12— is a itiagntsmn borosilicale, 2(Mg(),Fe0).B203.Si()j.H4(). 

A, Lacroix ** found a white basic lithium borosilicate near the Manondona river, 
Madagascar ; and he named it nmiarulonite. The analysis corresponds with 
Li4Alj4B4Si404,. It occurs in lamellar aggrc'gatos or mammillary crusts ol hexagonal 
plates. 

M. Faraday “ molted a mixture of 112 parts of lead oxide, 10 of silica, and 24 of born! 
oxide, and obtained a lead horostlicate ; K. Bock and co-work(’rs found that 5 per cent, of 
boric a(;i(l made lead silicate glasses more fusible— tJie monosilicate melted at 400 . the 
disilicate at 640 \ and the trisilicat<i at tiOO '. The bora! o;^ide increases tlio attack by 
one per cent, nitric acid, or 4 per cent, acetic acid. i*. Bartel obtainoil an analogous 
lesult. Axinde may be a borosilicate— in</c the iron sili<‘ufes. 


Hekkhbncbs, “ 

1 V. Dimhleby, F. W. Hodkin, M. Parkin, and W. E. S. Turner, Journ.Soc. (lUm Terh., 7. 
57, 1923 ; S. English and W. E. S. Turner, ib . 7. 73, 1923 ; W. Gucrticr, Zeil. anon/. Cham., 40. 
226 337, 1904 ; Ueber umscrjreie Borale und alter l^eipzig, 1904 ; M. Faraday, 

PhU. Trans., 120, 1, 1830 ; W. V. Harcmirt, B.A. Htp., 38. 1871 ; A. V. Biciningcr and P. Teetor, 
Trans. Amer. Cer. Soc., 14. 210, 1912 ; G. Cesaro, /fir. Min. Crist. iUil, 50. 3, 1918. 

* H. S. van Klotistcr, Znl. anorg. Chem., 69. 136, 1911. 

* E. S. Larsen and W, B. Hicks, Amer. Journ. Science, (4), 88, 437. 1914. 

* H. Erni, Amer. Chem. Journ., (2), 9. 286, 1860; i\ U. Shepard, ib., (J), 86. 137, 1839; 
J. L. Smith and G. J. Brush, th., (2). 16. 306, 1863 ; G. J. Brush and E. S. Baiia, ib., (3). 20. 
Ill, 1880 ; J. E. Whitfield, ib., (3), 20. 281, 1880 ; E. Wittich and J. Kratzort, Mem. Sor. Cxent, 
AtUonio-Alzaie, 40. 423, 1922 ; M. Schuster, Teehermak's Mitt., (2), 6. 397, 1883; (2), 6. 301, 
1886 ; 0. (Jesaro, Riv. Min. Crist. ltd., 50. 3, 1918; C. Bodewig, Zed. Kryst., 7. 297, 1883; 
A. Schrauf, ib., 7. 391, 1883 ; C. Hintze, i6., 7. 29fk 69L I8H3 ; G. vom Rath, t6., 6. 494, 1881 ; 
W. C. Brogger, »6., 42. 436, 1907; M. We^icr, ib., 87. 020, 1903; V. M. Goldschmidt and 
J. Phifipp, ib., 60. 443, 1911 ; V. M. Goldschmidt, Cenif. Min., 726, 1904 ; E. Ludwig, Sxlxber. 
Akad. Wien, 88. 270, 1882 ; G. Seligmann, Ber. Hal. Hist. Ver, Bonn, 102, 1883 ; A. des Cloizeaux, 
BuU. Soc. Min., 8. 195, 1880; A. Lacroix, ib., 81 316, 1908; Compt. Rend., 83. 37, 1910; 
W. T. Schaller, Bull. U.S. Oeol. Sur., 368, 1911 ; F. W. Clarke, ib., 125, 1898; The. Constitu- 
tion of the Natural SUicates, Washington, 74, 1914; N. Fukuchi, 

Japans, Tokyo, 3, 1907; K. Jimbo, ib., 1 I, 1905; M. Kawamura, tb., 14. 242. 1916; 
C. F. Rammekberg, Handbuch der Minerakhemie, Leipzig, 223, 1896; P. Groth, Imeau 
sysUmatique des miniraux, Genive, 126, 1904 ; H. L. Ungemach, Mim. Soc. Qiol. Belg., 89. 421, 



452 


INORGANIC AND THEORETICAL CHEMISTRY 


1912; F. Millosevich, Rend. Accad. Uncei, (6), 13. i, 197, 1904; L. Fanteppie, ib„ (6), 6. ii, 
103, 1896 ; Riv. Min. Criat. Ital.^ 16. 82, 1896 ; 18. 7, 1898 ; H. Buttgenbach, Mm. 8oc. Liege, 
(3), 12. 3, 1924 ; W. Kupferbiirger, Amer. Min., 10. 14, 1926 ; E. S. Larsen, The Microscopk 
Determination of the Non opaque Minerals, Washington, 1922 ; G. A. Konig, Proc. Philadelphia 
Acad., 310, 1887. 

* J. Esraark, Jaurn. Phys., 62. 472, 1806 ; A. G. Werner, Letztes Mineral-System, Freiberg, 
1809 ; R. J. Haiiy, Tableau compnratif des risuUats de la cristallographie, Paris, 17, 1809 ; Traiti 
de miniralogie, Paris, 1. 690, 1822 ; Journ. Mines, 19. 362, 1806 ; J. F. L. Hausmann, Handbuch 
der Mineralogie, Gottingen, 862, 1813; 2. 911, 1847; Efemeriden Mrg. HUtt., 4. 393, 1808; 
A. Brongniart, TraiU ilementaire de minlrahgie, Paris, 2. 397, 1807 ; A. L6vy, Description d'une 
coUection,de miniraux formic par Henri Heuland, Londres, 1. 182, 1^38 ; Ann. Phil., (2), 6. 130, 
1823 ; Phil. Mag., (1), 1, 43, 1827 ; D. L. G. Karsten, Miner alogische Tabellen, Berlin, 62, 1808 ; 
(!. ('. von Leonhard, Handbuch der Oryktognosie, Heidelberg, 690, 1821 ; M. H. Klaproth, 
lieitrdgc zur chejnischen Keniitniss der mineralk&rpers, Berhn, 4. 354, 1807 ; 6. 125, 1810 ; 
L. N. Vauquelin, Journ. Phys., 67. 122, 1808; Apn. Musk Nat. Hist., 11. 89, 1808; F. Mohs, 
GrUndriss der Mineralogie, 2. 253, 1824 ; Edinburgh, 2. 220, 1826 ; C. F. Rammelsberg, Handbuch 
der Minerakhemie, Leipzig, 684, 1876 ; A. Lacroix, Bull. Soc. Min., 8. 433, 1885 ; 0. Luedecke, 
Zeit. Naiurwiss., 61. 236, 1888; A. Volkmann, ib., 3. 378, 1864; J. Phillips, Phil. Mag., (1), 1. 
40, 1827 ; Tripe, ib., (1), 1. .38, 1827 ; Edin. Journ. Science, 6. 297, 1827 ; D. Brewster, ib., 
6. 307, 1827 ; C. le Neve Foster, Journ. GeoL Soc., 31. 628, 1876 ; C. S. Weiss, Sitzber. Akad. 
Berlin, 63, 1829 ; E. Geinitz, Neues Jahrb. Min., 474, 1876 ; J. R. Blum, Dtt Pseudomorphosen 
des Mineralreichs, Htuttgart, 66, 1843 ; A. P. Bufr^noy, Traiti de miniralajie, Paris, 3. 666, 
1847; H. J, Brooke and w. H. Miller, ItUroduction to Mineralogy, London, 261, 686, 1862; 
W. Haidingor, Sitzber. Akad. Wien, 2. 215, 1849 ; F. Hessonberg, Mineralogische Notizen, 
Frankfurt, 4. 28, 1868 ; E. F. Gloeker, Handbuch der Mineralogy, Nurnberg, 946, 1831. 

• F. StroiiK'yer, Pogg. Ann., 12, 167, 1828 ; G. F. RainmelHlK'rg. ib., 47. 169, 1841 ; Handbuch 
der Minerakhemie, I^eipzig, 76, 1886 ; J. Esmark, Journ. Phys., 62. 472, 1806 ; A. P. J du Menil, 
Schweiggefs Journ , 5^ 3(i4, 1828; B. Kerl,* HilU. Ztg., 7. 19, 1863; J. Ja'inberg, Zeil. 
deut. gcol. Ges., 24. 260, 1872 ; F. 'Fainnau, ib., 4. 6, 1862 ; J. Fritsohe, ib., 12. 131, 1860 ; A. von 
Groddeck, ib., 39. 238, 1887 ; .T, Proinine, Tsehermak's Milt., (2), 28. 306, 1900 ; R, Koechlin, ib., 
(2), 83. 267, 1916 ; F. Reiscir, ib., (2), 10. .646, 1889 ; F. iMohnari, Atti Soc. Ital. Scienze Nat., 27. 
176, 1884 ; A. Issol, Boll. Cornit. Gcol Hal, 10. 6.30, 1879 ; E. Bechi, ib., 10. 630, 1879 ; Amcr. Journ. 
Science, (2), 14. 66, 1852 ; A. G. Hawkins, ib., (4), 39. 473, 1916 ; G. W. Cook and K. H. Kraus, 
ib., (4), 89. 642, 1915 ; R. P. Wlutlield, ib., (3), 34. 281, 1887 ; J. B. Whitney, ib., (2), 15. 4.35, 
18.'33 ; (2), 28. 13, 18.69 ; Report on the Geology of Lake Superior District, Washington, 2. 101, 
1861 ; B. K. Emerson, Amer. Journ. Science, (3), 24. 196, 1882 ; G. G. Hoffmann, (4), 11. 149, 
1901 ; E. 8. Dana, ib., (3), 4. 7, 1872 ; J. B. Bana, A System of Mineralogy, New York, 382, 

1877 ; A. des Gloizeaux, Manuel de Minkalogie, Paris, 170, 1862 ; A. A. Hayes, Pioc. Boston 
Nat. Hist. Soc., 8. 62, 1849; K. Preis, Zeit. Krysl, 4. 360, 1880; T. l.iweh, ib., 7. 574, 1883; 
A. Osann,iV>.,24. 643, 1895 ; K. Bu8Z,i7>,,19.21, 1891 ; ,T. Lehmann, ib , 5. 529, 1881 ; L. Brugna- 
tolli, ib., 13. 160, 1888 ; il. Bodewig, ib., 8. 217, 1881 ; E. H. Kraus and G. W. Gook, ib., 42. .332, 
1907 ; K. Vrba, i6., 4. .368, 188(1 ; 5. 42.5, 1880 ; R. Riechelinann, ib , 12. 436, 1 887 ; A. Franzenau, 
ib., 14. 390, 1888 ; Math. Term. Tml Erlesito, 6. 23.3, 1887 ; .1. J.. Smith. ('<mpl Rend., 79. 813, 
1874; .Irmr. Jo«rH. iSVu.iw, (.3),8. 434, 1874 ; W. < >. Bourne, i7>. , ( 1 ), 40. 69, 1 84 1 ; (J. F, (’handler, 
ib., (2), 38. 13, 1864 ; G. U.^hepurd, ib,{\), 22. .389, 1833 ; J.. V. Pirsson, ib., (3), 45. lOO, 1893 ; 
0. G. Farrington, tb., (4), 6. 286, 1898; K. H. Kraus and (!. W. (bok, ib., (4), 22. 21, 1906; 
C. Palaehe, ib., (4), 29. 177, 1910 ; W. K.'Ford and.L L. Pogue, ib., (4), 28. 186, 11)09 ; F. Slavik, 
Ber. Bohm. Ge.s. Wiss., 60, 1IK)2 ; t'enir. Min., 229, 1903 ; K. Busz, ib., 647, 1901 ; Neues Jahrb. 
Min. B.B., 13. 90, liK)0; J. G. Goodchild, I'raiut. Geol Soc. Glasgow, 12. I, 1903; E. Taeconi, 
Atti Accsid. Lined, (6), 14. ii, 705, 1905; G. 'J’sohermak, Sitzber. Akad. Wien, 41. 60, I860; 
A. Himmclbauer, ib., 115. 1182, 1906; W. Haidinger, ib., 2. 216, 1849; Pogg. Ann., 78. 75, 

1878 ; 11. Baulier, ib., 103. 116, 1894 ; F. H. Schroder, Berg. Hiltt. Ztg., 7. 309, 330, 1848 ; Pogg. 
Ann.‘ 94. 236, 1866; 98. 34, 1866; A. Quenstedt, ib., 36. 245, 1859; G. Rose, ib., 12. 166, 
1864 ; F. Gornu and A. Himniolbauor, Mitt. Nat. Per. Wien, 3. 9, 1905 ; W. F. P. McLintock, 
Mtn. Mag., 15. 407, 1910; H. P. Whitlock, Bull. U.S. State Museum, 98, 1905; School Mines 
Quart., 31, 225, 1910 ; N. Orloff, Ann. Gcol Mtn. Russ., 13. 21, 146, 1913 ; P. von Tscherwinsky, 
♦6., 11. 171, 1911 ; A. S. Eakle, Bull Dept. Geol Univ. California, 10, 1901 ; N. Fukuchi, //fiVrdj/c 
zu den Mineralien Japan, 8. 76, 1907 ; G. Anderson, Rec. Australian Mus., 6. 1.3.3, 1906 ; 

F. HosseulK'rg, Mineralogische Nvttzen, Frankfurt, 4. 28. 1868 ; 0. I^uedecke, Zeit. Naturwiss., 
61. 366, 1888 ; J. Buroeher, Ann. Mines, (4), 16. 171, 267, 1849 ; J. F. L. Hausmann, Handbuch 
de.r Mineralogie, Gottingen, 2. 107, 1812 ; Get. Anz, Goti., 81, 1828 ; M. F. Heddle, Edin. Phil 
Journ., (2), 1. 369, 1826 ; R. P. Greg rtnd W. Gj Lettsom, Manual of the Mineralogy of Great 
Britain and Ireland, London, 228, 1868; F. Mohs, GrMdriss der Mineralogie., Bresden, 2. 266, 
1824; H. Fischer, Neues Jahrb. Min., 796, 1860 ; 440, 1862; K. G. Zimmennann, ib., 208, 
1834 ; V. Goldschmidt, ib., i, 26, 1906 ; Zeit. Krysl, 17. 68, 1890 ; A. Breithaupt, Berg. Hm. 
Ztg., 14. 223, 1856 ; F. Sansoni, AUi Acend. Torino, 23. 8, 1888 ; J. Striiver, ib., 1. .395, 1866 ; 

G, (iesaro, Riv. Min. Crist. Hoi, 60. 3, 1918 ; P. Groth, Die Mintralien-Sammlung der Univeraitdt 
Stras^urg, Strossbiu^j, 187, 1878; Tableau sysUmatique des miniraui, Gen6ve, 119, 1904; 
L. Bombicci, Mem. Accad. Bologna. 8. 311, 1877; G. B. Negri, Rev. Min. Ital, 1. 46, 1887; 
J. Krejoi, Jahrb. Geol. Reichsansl Wien, 12. 263, 1861 ; G. A. Kenngott, Uebersichl der ResuUaU 



SILICON 


453 


mimralogischer Farschun^fcn, Wien, 111, 1859; Sitzher. Akod. 10. 298, 1853; A U\y 
l^cripiion dyne rolledion de miniraux Jormh jxtr Mf H. Heuland, Londres, 1. ISil, 1835 ; 
C. W. von Giiinbel, Geogimlische Bcschreibung des hayeruicJicn Alpengebirges, lloiha, 188, 1801 • 
M. Uttinger, Neues Jahrb. Berg. HtW., 1. 445. 1810; C. ('. von Leonhard. Tasrhenbucb /flr die 
gesammte Mtneralogie, Frankfurt a. M., 4. 210, 212, 1810 ; 5. 309, 1811 ; K F. (iloekor, Unndburh 
der Mineralogie, Nwnbcrg, 940, 1831 ; E. E. Schmid. Gcs. MeA Natunnss., 58, 1880 ; H. Roaen- 
busch, Mikroskopmhe Physiographie der MineraJien und (kdrine, Stuttgart, 2. 479, 1887 ; 
A. Daubrw, L7/w/., 26. 38, 1857; E. V. Shannon, Proc. V.8. Ao/. Mmevm, 68. 437, 1921 ; 
69. 479, 1921 ; J. K6chfin-Schlumb<‘rger, Dexcripiton giologiqne. ct minknlogiqve du (Upartment 
du Haui-Rhin, Paris, 2. 307, 1807 ; \V. Schulze, Mitt. Nnturnms, Ver. Neurorjiontmfrn /fOyca, 
9, 1880; N. von KokscharolT, Mnterialen ztir Mineralogie Rm/tlnnd^, St. Petersburg, 8. 139, 
1878 ; E. Baschieri, Atti Roc. Tosc. Scienze Xat , 19. 84, 1910 ; F. W. Plarke, The i'omiitution 
of the SxUcnteA, Washington, 70, 1890; F. W. ('larkc and (J. Steiger, Hull. V.S. (hoi Sur., 207, 
1902 ; F. Ulrich, Sbomik Klubu Prirodovedvekeho Praze, 99. 1922. 

’ A. de Gramont, Compt. Rend.. 113. 83, 1892; (i. A. Kenngott. AVkc.v .lahrb Mtn., 314, 
1807; Sitzher. Abid. If tea, 10. 298, 1853; A. Hiininclbaucr, ih., 116. 1182, l!KI0; A. dea 
Gloizcaux, Manuel de miniralogte, Paris. 170, 18()2; Xaurelle.^ recherche.^ ntn hs proj)riR69 
oiithjueJi den crkUinx, Paris, 639, 1807 ; L. Bruguntdli, Zdt. Krg.<it.. 13. 159, 1888 ; d. Lehniann, 
if}., 5. 529, 1881 ; R. Riccliclrnann. ib , 12. 436, 1887 ; (\ Bodewig, jfi.,8. 217, 1884 ; hnjg. Ann., 
158. 232, 18/0; F. Sansoni, Atti Aceod. Torino, 23. 198, 1888; (). Luedccke, Zett. Xaturu'iM., 
61. 393, 1888 ; H. Baumhauer, Die Rcmdtateder Jitzniethode in der kryntnllographische Pornchung 
an einer Reiche von knjnifillmher Khrparn dargenteUt, Leipzig, 1894 W. G. Rankel, Her. Sfkhtt. 
Akad., 12. I, 1878; J. Roth, Allgcnetne, nnd ehnninehe (leoUHjte, Berlin, 1. 139, 1879; A. von 
Groddeck, Zeit. dent, geol (kn., 39 238, 1887 ; W. F. \\ MaeLintoek, Min. Mag , 16. 407, 1910 ; 
V . (/oldschmidt, Zeit. ami. Chem., 17. 207, 1888 ; If. P. Whitlo<‘k, Hull. .Xew York State Muneiim, 
43. 19, 1905; G. F. Ramnielsberg, Pogg. Ann., 48. 109, 1839; Zeit. dent. geol. (h.'i., 21. 141, 
810, 1809; W. Schulze, Mitt. Maturwun. Ver. J!iei(})omtnern Rugen. 9, 1880; M F. Heddle, 
Edxn. Phil. Journ , (2), 1. 309, 1820; B. K. Emerson, Am>r. Journ. Seienre, (3), 24. 195, 1882 ; 
(' U. Shepard, ih . (1). 22. 389. 1833 ; E. S. Dana, ih., (3), 4. 7. 1872 ; 0. (’ Karrington, ih., (4), 
5 285. 1898; 0. W. Cook and E. H, Kraus, ib., (4), 39. 012. 1915; A. Hawkins, ih , (4). 89. 
473, 1915; F. H. Schroder, Berg. Ililtt. Ztg., 7, 309, 330. 1848; Poipf. Ann., 94 235, 1855; 
H. Dttulx'r, ih., 103. 110, 1894 ; F. W. ('iarke and (4. Steiger, Hull v'.S. (hoi Snr., 207, 1902 ; 
Amer. Journ. Seienre, (4), 13. 27, 1902; J. Fromme, Tnchermak'n Milt., (2), 28 305, HK)9 ; 
V, M. (bjldselinndt, Jnder (hr KrynUiUJorinen dtr Mineralien, Berlin, 1. 485, 1880 ; U. Panichi, 
Mem. Are.ad. Lvicei, 4. 389, 1902 ; H. L. Ungemach, Hull. Soe. Min , 32. 397, 1909 ; Zeit. Kri/«l., 
49. 459, 1911 ; K. (iorgey and V. M. Goldaehmidt, th., 48. 019, 1910; W. W. Coblentz, Invesiiga- 
tionnof I nfra-rrd Spretra, Washington, 3. 43, 1900 ; 4. 87, 1900; R. K<)ehlin, Ann. llofriivneumn 
Wien, 31. 139, 1917; Tnehermak's Mill, {2). 33. 517, 1915; K. V. Shannon, Pror. If.S. Nat., 
59. 479, 1921 ; S. (I (rordon, Pror. Arad. Philadelphia, 76. 271, 1923; T. Noeea, Atti Aerad, 
Itneet, (5), 33. i, 444, 1924; G. C. Hoffmann, Amer. Journ. Science, (4), 11. 149, 1901; 
F, Ulneh, Shomik Klubu Prirodomlerbho Praze, 99, 1922. 

« S. R. Paijkull. Gfo/. /’(Jr. Fork Stockholm. 3. 229, 1870; A. E. Nordenskjold, ib„ 8. 232, 
1870; (4. Cesaro, Hiv. Min. (kiM. Hal, 50. 3, 1918; A. des Cloizeau.v and A. Darnoiir, ib., 3. 
385. 1876 ; Ann. ('him. Phijn., (5), 12. 405, 1877 ; E. S. Larsen, Hull U.S. Geo! Snr , 679, 1021 ; 
F. W. Clarke, The (''onntifuhon oj the Stlicate.n, Washington. 70, 189#; N. J. Berlin, Pogg. Ann., 
88. 162, 1853; N. Engstrom, Zeit. Knj.Hl , 3. 200, 1879; W. C. BroggiT, ih.. 16. 490, 1890; 
(4. V. JVterson, (Ejrers. Akad. Stockholm, 46. 18.5, 1888; C. A. Miehiw-ls/m, ih., 19. 505, 1802 ; 
Journ. prakt. ('hem., (1), 90. 109, 180.3. 

• H. How. Phil Mag , (4), 35. 32. 1808 ; (4), 37. 270, 1869; (4), 41. 270, 1871 ; J. I). Dana, 

A Syntem of MiinraUyg, Now York, 598, 1808; S. L. JVnfield and K. S. Sjs'rry, Amer. Journ. 
Science, (3), 34. 220, 1887 ; W. B. Giles, Min Mag., 13. 33,3. 1903 ; A. S, Kakle, Hull. Hejk Geol 
Vniv. California. 6. 17il, 1911 ; U F. Ramin/dslierg, Handbuch der Mimrairhernie, U'ipzig, 270, 
18{)5; P, (4rt)th, Tahillnnsche Cetnrdeht der Minrralini, Bramiseliweig. 127, 1898; W. and 
D. Asch, Hic Silirate m rhemn^rlur und ifchni/icher Heziehiuig. Berlin, 77, Mill ; J^ondoii, 77, 
1913 ; (4. Cesaro, Riv. Mm. Crkf. Hal, 60. 3, 1918 ; A. S. Eaklo, Amer. Min., 10. 05, 1(H), 1925. 
A. Lacroix, Hull. Sor. Mm , 35 223. 1912; Compt Rend., 166. 441, 1912. 

** M. Faraday, Phil Trams., 120. 1, 1839 ; K. Beck, F. Iviiwe, and P. Steginiiller, Arh. Knkcr. 
Ges. Amt., 33. 203, 1910 ; P. Bartel, Her. Ruud , 27. 5, 0, 1918. 


§ 34. Aluminiam l^ilicates 

N. G. Sefstrdm ^ obtaintMl a si titered mass by beating a mixture of 3 niols of 
silica and 2 mols of alumina in the strongest heat of a blast furnace. l\ Berthier, 
W. A. Lampadius, and A. Gaudin made observations on fused mixtures of silica 
and alumina ; but no definite combinations were produced, although several were 
reported. Thus, N. G. Sefstrdm re|)orted 2Al203.3Si02 ; P. Berthier, AI2O8 : 8 i 02 ; 



454 


INORGANIC AND THEORETICAL CHEMISTRY 


4 : 3 , 2 : 3 , 1 : 3 , and 2 : 9 ; and C. F. Plattner, 2Al203.9Si02. W. Vernadsky 
obtained A^SiaOg and A^Os-SiO^ by strongly heating aluminosilicates-— infra, 
andalusite and sillimanite; H. St. C. Deville and H. Caron, 4Al203.3Si02 by 
heating alumina in silicon tetrafluoride ; S. Meunier, 5Al203.6Si02, by heating 
aluminium in silicon tetrachloride ; H. St. C. Deville, by heating alumina in the 
same gas ; E. Fr^ray and C. Feil, 2Al203.3Si02, by heating silica in the vap. 
of aluminium fluoride; and F. Singer, Al203.2Si02, by calcining ammonium 
zeolite. With the excejition of sillimanite, Al203.Si02f the chemical individuality 
of none of these products has been established. There is evidence of the existence 
of another compound, 3Al203.2Si02, on the f.p. curve. H. A. Seger 2 made some 
observations on the fu.sibility of mixtures of alumina and silica. He found evidence 
of a eutectic with about 17 mols of silica per mol of alumina. H. A. Seger’s results 
were replotted by B. Neumann ; and verified by L. Bradshaw and W. Emery. 
For colloidal aluminium silicates, vide stipra, water-glass. 

S. Kozu 3 and co-workers reported a mineral from Kochi-mura, Rikuchu, 
Jaj)an, which they called kochitd. It formed a granular aggregate of cubic crystals, 
with the composition 2 Al 2 f) 3 . 3 Si() 2 .r)H 20 , or ALfSiO^js-SHoO, or normal aluminium 
orthosilicatd. Its sp. gr. at ir)"^ was 2 929 ; and its index of refraction for the 

D-line, 1 ‘ 590 . The water 
is rapidly evolved when 
the mineral is heated in 
air at 725 ^- 800 ° ; and in 
water- vap. at atm. press, 
it is given of! at 775 °-- 
79 (r. G. A. Rankin and 
co-workers, and N. L. 
Bowen and J. W, Greig, 
have studied the general 
b(*haviour of the binary 
system, AI2O3' Si02, illus- 
trated by Fig. 108 . Only 
one compound appears 
ill the system at these 
temp., and its com])Osi- 
tion is represented by 
3Al203.2Si02. There is 
no evidence of the forma- 
Per cent. dliAn/nd tion of sillimanite, 

Fm. lOS. -Fi‘ec/.iiig j)oint Curves of tlio Binary System : Al203.Si02, under these 

AbOj-SiOj. " conditions. The observa- 

tions by G. Shearer, and 

J. W. Mellor and A. Scott show that the X-radiograms of kaolinite, and of a mol of 
kaolinite mixed with a mol of alumina fired at 1700 °, are quite different from the 
X-radiogram of a mixture of a mol of kaolinite with two mols of alumina. The 
inference is that there are two distinct compounds, sillimanite, Al203.Si02, and 
what N. L. Bowen and J. W. Greig propose to call mullite, 3Al203.2Si02, in allusion 
to the faitt that the “ best, described examples ” of sillimanite are those of 
H. H. Thomas from the Island of Mull. It is probable that the two compounds 
can form solid soln. R. Ballo an^ E.'bittler also found only the one aluminium 
silicate to be stable in contact with molten lithium silicate. R. C. W'allace observed 
the formation of sillimanite when silic^i and alumina are melted together-— vide 
infra. P. J. Holmquist discussed this subject. 

Throe distinct crystalline minerals c.an be represented by the empirical formula 
Al203.Si02, and this aluminium silicate is therefore trimorphous. The three forms 
are called sillimanite, andalusite, and cyanite or disthene. As shown by 
W. Vernadsky, and E. H. M. Beokraann, sillimanite is the only form stable at a 
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high temp., and presumably has the simpler constitution. Cyanite has the liiglicst 
sp. gr., and sillimanite the lowest. The raetasilicdtes are usually more stable than 
the orthosilicates. P . Groth therefore argued that andalusite is probably an ortho- 
silicate : Al^i04.Al : 0 ; or Si04=Al2 : 0— provided the molecules are not 
polymerized. Cyanite and sillimanite can thus be regarded as metasilicates — i.e. 
alaminiam dioxymetasilicate : 


Si03(A10)j, or A1 : Oa : A] : (SiOj, or (0 : AI : O.Al)SiO, 

If the mols. have a higher mol. wt. than is represented by the formula Al203.Si02, 
the possibilities of isomeric forms are multiplied. F. W. Clarke and J. S.'Oille’r 
gave for sillimanite : 




K. Zulkowsky found that disthene gives off mols of carbon dioxide wlien a mol 
is fused with 3 mols of alkali carbonate. He thinks that this is not in accord with 
P. Groth’s disthene formula, (A10)2Si03. He represents the throe forms by 


SiO.O.Al : Oa : Al^ 
SsiO.O.Al : Oa : aK^^ 

Andalusite or Cyanite. 


.SiO.O.AI* ()^:AU 
^Al.().,;A1.0.SiO^^ 


K. Zulkowsky has separate formuho for andalusite and cyanite, but when expressed 
in this way, they both give the same result. Since topaz and andaluHite readily 
form muscovite mica, F. W. Clarke suggests that the emj)irical formuho of the two 
former minerals should be tripled so as to keep the formuho of all three minerals of 
the same type : 


AI 3(Si04) 3 ( AIO) 3 AI 3{Si04) 3 ( AIF 3 ) 3 AI 3 ( 8 if > 4 ) ,,K K I 

Andalusite. Topais. Muscovite, 


This subject was discussed by L. Grunhut without relevant evidence. Sillimanite, 
Al203.Si02, can bo represented as silicon oxydialuminate, 0 Si Al(02)2, 
which is related to mullite, 3Al203.2Si02, as indicated by the formula 
(A102)3Si- 0-Si(A102)3 for silicon oxyhexaluminate. In the absemoe. of more 
definite facts, there is no profit in pursuing the subjoc^t further. K. B. Sosman 
suggested a possible parallelism between cyanite and quartz, cristobalite and 
sillimanite, and between tridymite and andalusite. 

Sillimanite occurs in separate crystals -usually long and slender- or in aggre- 
gates of fibres arranged in a diverse or radiating manner. There are several 
varieties differing simply in texture, and more or less contaminated with quartz, 
corundum, etc. The mineral may be colourless, white, or tinged brown, grey, or 
green. A dense compact form is one. of the many different minerals which have 
been called jVidc ; and, according to A. Damour,^ F, W. Clarke, and F. Quiroga, it 
was sometimes used by prehistoric man in Western Europe for making im])lemonts 
and utensils. 


In 1792, U. von Linrlaekcr de^'nljed a fibrous mineral from Hobornia wlm ii lie i‘alle<l 
Fancrkiesel, and whicli, according to A. (I. Werner, and C. C. von Leonhard, might bo a 
mixture of tremolito and quartz. J. L. Boumon called a variety which he found in some 
Asiatic corundum, fbtvlUc. J. A. H. Lucas proponed the name boumonUr. Fihrolite was 
analyzed by R. Chonovix, and B, Silliman. According to C. N, von Fuchs, fihitilito is a 
mixture of disthene and quartz. L. J, Sf^^ncor report^l a blue fibrolito from Burma and 
Ceylon ; it hafl the indices of refraction with Na-light : o~ 1 •0684, /?=-=! •0696, and y 1 •0789 ; 
and birefringence y - a-0'0206. The optic axial angles were 2^—52" 2', and 2F = 28® 2\ 
R Brandes called a variety which he found in Tyrol, bucholzii&-~^(tev C. Bucholz. 
These three terms were regarded by E. F. docker, C. Hartmann, and J. F. 1^. Hausrnann 
as synonyms for the same mineral species. A mineral from Saybrook, Connecticut, was 
described by O. T. Bowen ; it was called lllllmanlte, after B, Silliman, who showed that it 
is chemically and crystallographioally like fibrolite. A. Erdmann called a mineral from 
Bamle, Norway, bamlite. L. Saemann, and F. A. von Sachsen-Coberg showed that it is a 
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mixture of sillimanite and quartz. N. Nordenskj6ld named a mineral from Peterhof, 
Finland, xmolite—irom fjvos, etraiger. A. Lacroix shoved that it resembles fibrolite. 
Xenolite Ewcompanied the mineral worthUe — named after M, von Worth, by H. Hess. 
WOrthite is a partially hydrated and altered sillimanite. The mmrolUe from Monroe, N. Y. , 
described by B. Silliraan is a mixture of sillimanite and quartz. The Olanzspaih, or 
glance spar, of H. von Dechen, and G. vora Bath, was shown by'W. Vernadsky to be impure 
sillimanite. C. Hintze takes the same view. The mineral westaniie from Westana, 
Sweden, was desfiribed by ('. W. Blomstrand. It is regarded as a hydrated fibrolite ; 
r. Groth suggested that it is an oItere(l andalusite. T. Thomson mentioned h^dro- 
burhnlzite, probably from Sardinia. A. des Cloizoaux said that mineral is a doubtful 
species and has little in common with bucholzite. 


Analyses of the different varieties have been reported ; and various occurrences 
recorded. The mineral 'is mined at Assam, India. A compound resembling 
sillimanite was made by H. St. C. Deville and H. Caron ^ by the action of silica on 
aluminium fluoride, or of alumina on silicon fluoride at a high temp. Similar 
results were obtained by E. Freray and C. Fed, and by A. Reich. Andalusite and 
cyanite were shown by W. Vernadsky to be each transformed into sillimanite 
between 1320" and 138(f, with the disengagement of heat. He obtained sillimanite 
by fusing together silica and alumina. R. C. Wallace, and G. Stein obtained 
sillimanite crystals in a similar manner. When fused sillimanite is rapidly cooled, 
said E. S. Shepherd and G. A. Rankin, it always crystallizes as sillimanite. Soln. 
of sillimanite in fused calcium vanadate, borax, albite, etc., always give crystals of 
sillimanite. W. Vernadsky said that better crystals are produced if 2 to 4 per cent, 
of magnesia is present in the magma. J. Morozewicz studied the conditions under 
which sillimanite can form magmatically ; in a fused magma of the composition 
R 0 .mAl 203 .uSi()o, if magnesia and iron oxide are absent, and w~l, sillimanite is 
always developed if n be greater than 6. Artificial sillimanite was discussed by 
C. K. Sims and co-workers, 0. Rebuffat, A. Malinovszky, etc. 

The formation of crystals of sillimanite in porcelain was observed by 
G. G. Ehrcnberg, A. Biinzli, A. Zollner, E. Plenskc, G. N. White, M. Glasenapp, 
E. Rosenthal, A, Osehatz and A. Wiichter, H. Behrens, E. Hussak, W. Vernadsky, 
J. W. Mellor, 1‘. Sustsch insky, P. A. Schemjatschensky, A. S. Watts, A. A. Klein, 
A. Scott, H. Ries and Y. Oinouye, L. Bertrand, etc. ; and in firebricks by 
J. W. Mellor, A. H. (k)x, 11. M. Kraner, and others, It also appears when china 
clay has been lieated to a high temp, short of fusion. The temp, of formation must 
be lowered in the presence of felspar, because A. Heath and J. W. Mellor observed 
them in pottery bodies/ired below 1200'’. W. Eitcl observed their formation in 
alumino-thermic processes. From the observations of N. L. Bowen and J. W. Greig, 
it is probable that mullite has nott always been distinguished from sillimanite in 
these reports of sillimanite ; and F. H. Riddle, and T. S. Curtis said that the crystals 
they obtained had the composition of mullite, not sillimanite. In some cases, the 
artifiidal crystals have been analyzed, and the results are in agreement with the 
mullite ratio, but it is not always clear that the isolation of the crystals by hydro- 
fluoric acid does not leave an aluminous residue behind, sinc(; there are no indica- 
tions that this has b»'en removed by washing preferably with a soln. of ammonium 
acetate. The use of sillimanite as a refractory material was discussed by 
A. Malinovszky, A. F. Greaves-Walker, and S. English ; and of andalusite for 
sparking plugs, by A. B. Peck. Sillimanite makes a very good refractory brick 
when mixed with 10 20 per cent, of a good type of plastic clay as a bond. 

According to E. Taubert, the cryctals of sillimanite belong to th(5 rhombic 
system, and they have the axial ratios* a : 6 : c~0'%96 : 1 : O TOIG ; A. des 
Cloizoaux gave 0’6873 : 1 : — . G. A. Rankin and F. E. Wright said that 
sillimanite crystallizes from the melt in fii\e-grained, fibrous, or lath-shaped indb 
viduals, which, like the natural mineral, are often in close parallel columns. It 
is difficult to cool molten sillimanite quickly enough to prevent crystallization, but 
the glass can be obtained by dropping the fused mass from the tip of a perforated 
conical crucible directly from the electric furnace into cold water. The glass 
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readily crystallizes into sillimanite when heated to 1200°, or when heated to 350”- 
400° in bombs containing a 10 per cent. soln. of*8odiuin chloride. The cl6ftVER6 
with the natural crystals is well defined ; and in the artificial crystals the cleavage 
is distinct in the direction of elongation of the fibres. The optic angle of the 
artificial crystals is not large. A. des Cloizeaux found the optic axial angle at 
18° is 21^=49° 9' for the red ray ; 42° 30' for the yellow ray ; and 38° 41' for the 
blue ray. For white light, 2A'=35°-40°. The effect of temp, is as follows : 

12 '’ • 15 “ 47 “ 05 * 5 “ 121 “ 1405 “ 175 “ 

. . 44° 4' 44° 4' 44° 28' 45° 0' 46° 18' 45° 54' 46° 8' 

A. Lacroix found 2K^-^26° for yellow light ; G. Melozcr, 31° 11-5'; and A. Michel- 
Levy and P. Termier about 20°; W. Eitel, 43°; aml*E. S. Larsen, 20°. The 
X-r^Ograms WTre examined by G. Shearer, and F. Kenne. The sp^ific gravity 
of the mineral is 3 '23.0-3 248. E. H. M. Beekmaim gave 3152 for the sp. gr. before 
calcination, and 3-157 after calcination. E. S. Shepherd and G. A. llankin gave 
3 '031 for the ap. gr. of the artificial crystals, and 2 54 for the glass. J. 1. Saslavsky 
studied the mol. vol. of sillimanite. The hardness is between 6 and 7. G. Spezia 
tried the action of the oxygenated blowpipe flame on sillimanite. The melting 
point of artificial sillimanite is 1811°, according to E. S. Shepfierd and G. A. Uajikin ; 
and 1810° ±10°, according to G. A. Rankin and F. E. Wright. As indicated 
in Fig. 108, N. L. Bowen and J. W. Greig found that mullite melts incongnioiitly 
at 1810°, forming corundum and liquid. ^ Natural sillimanite though unstable 
at higher temp, does not suffer any change when heated for several days at 1545°, 
but above this temp, it breaks up into crystals of juullite and licpiid. The 
passage of cyanite and of andalusito into sillimanii^^ ap])(*ar to bo monotropic 
changes, for E. 8. Shepherd and G. A. Rankin were quite unable t-o produce either 
cyanite or andalusito from sillimanite. They add that it seems reasonably certain 
that andaliisite and cyanite are formed by crystallization from soln. at low temp. 
G. A. Rankin and F. E. Wright state that terminal 8(‘ctions of the fibnvs of artificial 
sillimanite arc square in outline, and that the centre of nearly every section has a 
minute inclusion in the shape of a cross with arms parallel to the si(h‘s. Minute 
inclusions of a 1ow(t refracting isotrojuc substance are almost always presfmt in 
artificial sillimanite. It is postulated that at its m.p. sillimanite is dissociated into 
alumina and this glass. The temp, of dissociation is so, high -above -that 
the hypothesis has not been tested. 0. S. Buckner gave 0'(X)432 for the cooff. of 
thermal conductivity in (hG.S. units. 

A. d(‘S Cloizeaux gave for the index o! refraction of the mineral for the red ray, 

I'GfiO ; A. Ijacroix gave for the yellow ray « -1'659, j8 -l'661, and y - 1'680 ; 
E. S. Larsen, a -rfio!), j3-I'660, and y ^l'GSO; and G. Mclczer, a -l'G562, 
-1'657G5, and y- 1 G7GG. G. A. Rankin and F. E. Wright found for the 
artificial cry.stals with Na-light, a- 1038, j8 ^1-642, and y-^l G53, each ±0'(X)3; 
and W. Eitel, a-“l G48, l’G.52, and */- 1GG4. 'riiese values are lower than 

those of the mineral. E. S. Shepherd and G. A. Rankin gave for the index of 
refraction of sillimanite-glass, 1G25. N. L. Bowen and J. W. Greig gave the 
following comparison of the propcTties of mullite and silbmanite : 


Crystal system , 

Prism an^le (IIO) -(IIO) 
Cleavage 

Refractive indices 
Axial angle, 2 P . 


HuUitc. 

rhombic 

8!)° i:r 
( 010 ) 

1-664, 7-1-642 
4r)°-60° 


Silllmaultc. 
rhombic 
88° 16' 

( 010 ) 

a = 1-677, y=I 667 
26° 


The birefringence of the artificial sillimanite crystals is about y— a *0-014. The 
optical cbaracter is positive. Observations on the optical constants were also 
made by F. Griinling, and by E. Taubert. A. des Cloizeaux found the mineral 
to be pleochroic, being colourless when viewed in one direction, and pale rose-red 
in another ; H. Rosenbusch found a sample from Saybrook to be dark brown in 
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the direction c, and pale brown in the directions h and a. A. Lacroix al5b made 
some observations on this subject. F. Haber said that porcelain containing a large 
proportion of sillimanite does not conduct electricity below 900° ; but beyond that 
the electrical conductivity increases with the temp. A. V. Henry found the 
electrical resistivity, R ohms per c.c., of sillimanite refractories with a 45 volt, 
1000-cycle alternating current to be 

400 " 600 “ 800 “ 1000 ’ • 1200 “ 1400 “ 1500 * 

It . ‘ . 358/10* 148x10* 179xl0» 3C3xlO» 116x10* 4290 3150 

Sillimanite, as prepared by G. A. Rankin and co-workers, is not affected by hot 
or cold water ; and is but slowly attacked by acids or alkalies. It is practically 
unaffected by hot or cold hydrochloric, sulphuric, or nitric acid, or by cold hydro- 
fluoric acid. , It is slowly decomposed by mixed hydrochloric and hydrofluoric acids, 
and by fused sodium carbonate. P. Sustschinsky studied the action of sodium 
carbonate on sillimanite. H. Hancmann found that molten cast iron reduces 
silicon from the aluminosilicates. 

The mineral andalusite was first obtained from Andalusia, Spain, and this 
name was first applied ])y J. C. I)elam(^‘theric.® Previously, J. L. Bournon referred 
to it as spath adarnantin d'm rouge molet, and L. B. G. de Morveau SL^fekpaih du 
Forez. 

Bi, J. Haiiy cnilfxl andaluHito JeJdMjxUh apijre ; J. Hninner, mkaphililc- -iYo\n loved 
—not micaphyllite. M. Flurl calltnl a variety from Stanzen, Bavaria, atanzattc. Tlie so-called 
rhiuHtolitc- from y(a<rrot, arranged diagonally, from rA/, the old GrtH)k name for the letter 
X - has been under observation frrjm early times. J. J. Hembartli, F. S. Heudant, R. Bunsen, 
and (t. Landgrebe showed that it is a variety of andalusite which was so named by 
1). L. ({. Karsten because it exhibits in cross-section a coloured cross, or mosaic pattern. 
It was referred to by (,'. (Jesner in 15(15. M. Morcati called it lapis crucifer ; C. P. G. de 
Kobien, pierre de, rnacle ; J. Hill, cross-stone, or Spanish shirl ; U. Aldrovandi, and 
J. B, L. Hom»^ de ITsle, picrrc de croix ; J. C. DelamtHherie, crucite ; K. J. Haiiy, made ; 
and A. G. Wenier, Hohlspath. The term made, said C. F. G. de Kobien, is from the Latin 
macula, a spot, and refers to the mascle or macula in heraldry, wliere it means a design with 
a lozenge-shape or a rhomb with an open centre. It has been suggested that the macula 
in the armorial l)earings of the family of the Vicomte de Rohan was taken from the 
ohijistolite of their neighbourhood. H. F. Link's maranite is andalusite, which (X-'ciirs on 
tlio Serra de Maras, J, J. Sodi'rholm called a variety of clunstolite from Ladoga Lake, 
Finland, malfcsde ; H. Bnckstrdin, a variety of andalusite with about 7 per cent, of 
manganese oxide, mamjanandalusilc, G. Klemm’s git'cn variety n'/u/z/u' fiDm Darmstadt 
is andalusite containing iron and rnungnnase. 

Many analyses of anSalusitc have been made, and various oci'urrences reported. ^ 
Andalusite is commonly found in ti-lie zones of contact of clay slate near dykes of 
granite or divrite. It is also found in many metamorphic schists. A. Knopf 
reported a large body of rot^k, almost entirely andalusite, at Inyo Range, California. 
The earliest analyses by C. F. Bucliolz, L. B. G. de Morveau, etc., appear to have 
been made on specimens contaminated with quartz because their formuleo — e.g. 
Al 8 Si 9 () 3 o and AloSi 7023 ~ deviate from the Al 2 Si 06 of later analysts with clean 
homogeneous samples. The constitution has been discussed in connection with 
sillimanite. One plausible hypothesis makes it ahminium monoxyorthosilimte, 
or aluminium aluminoxyorthosilicate, Al3(A10)3(Si04)3, or Al(A 10 )Si 04 . The 
alleged syntheses of andalusite by H. St. C. Deville,® E. Fremy and C. Feil, and 
S. Meunier have not been established- ~mU sillimanite. K. Baur prepared a product 
with optical firoperlies similar to andalusite excepting a different refractive index. 
Ho heated to 300°-50(f in an aufl()clave d mixture of silicic acid, alumina, and 
potassium silicat-e ; or a mixture of silica, aluminium hydroxide, and potassium 
aluminato. Other silic^ites were formed at the same time— possibly pyrophyllite 
and muscovite. 

The colour of natural andalusite may be white, grey, red, violet, brown, or green. 
It occurs massive and ciy’stalline. The cryrials have been studied by W. Hai- 
dinger,® A. Schrauf, V. M. Goldschmidt, P. E. Haefele, J. Krejci, E. S. Dana, 
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etc. According to A. des Cloizeaux, the axial ratios of the rhombic crystals arc 
a:h: (;=0-98613 : 1 : 0‘70238. The (110) cleavagehs perfect, while the (100) and 
(010) are less well defined. The optic axial angle, 2F. was found by A. des Cloizeaux 
to be 84° 30' ; P. von Jeremejefi gave 2P=87° and 2H from 96° 30' to 113°. 
E. Bertrand gave 2H =96° 32'. A des Cloizeaux found that the optic axial angle 
is reduced about 2J° by a rise of temp, from 21°-19r. E. E. Schmid gave 3 07-3 1 1 
for the spedflc gravity.; C. M. Keraten, 3-152-3*154; J. Koth, 3 401 ; A. von 
Hubert, 3*103; G. Grattaroj^, 2*86; M. F. Heddle, 3*121 ; P. von Jeremejefi, 
2*944-3*14; G. F. Kunz, 3* 2-3* 4 ; W. Haidinger, 3*170; and A. Damour, 3100. 
E. H. M. Beekmann gave 3*158 for the sp.gr. of the mineral before calcination, and 
3*150 after calcination. The hardness is generally rather less than 7. G. Lindner 
found the specific heat to be 0*1684 at 50° ; 0*1731 at 100° ; 0 1774 at 150° ; 
0*1819 at 200° ; and 0*1861 at 250°. R. Cusack gave 1209° for the melting point. 
This value is far too low. A. L. Fletcher gave 1259° ; and C. Doolter gave, 1330°- 
1395°. The m.p. of the pure compound must be like that of sillimanite if, as 
W. Vernadsky said that andalusitc changes into sillimanite at 1300° with the evolution 
of heat. B. S. Shepherd and G. A. Rankin found the change takes place so slowly 
at that temp, as to mask completely the character of the corresponding heat change. 
They found that no sillimanite is produced by heating the mineral for 28 days at 
900°, or 168 hrs. at 1150° ; but there is much alteration after 4 days at 1500°. 
Sillimanite was observed after heating andalusite with sodium chloride at 800° for 
168 hrs. or with calcium vanadate for 48 hrs.M 100° or 216 hrs. at 900". At higher 
temp., the andalusite is decomposed by reacting with the a^entmimhaltsateur. 'Fhe 
change of andalusite to sillimanite is monotropic, for the reverse change did not 
occur under any of the numerous conditions tried. This agrees with W. Vernadsky’s 
observation that andalusite does not occur in igneous rocks. A. B. Peck, and 
N. L. Bowen and J. W. Greig represent the change, not into sillimanite, but into 
mullite, AlgSi^O] at about 1 350°. A . des Cloizeaux found the indices o! refraction 
for the red ray to be a=l‘632, --1*638, and y- -l*643 ; and E. Taubert obtained 

respectively for the C-, /)-, and F-line.s, a ~1*63(X), 1*6361, and 1*6410 ; j8 ■ 16326, 
1*6390, and 1*6440; and y -1*6386, 1*6453, and 1*6511. The birefringence 
y --a is 0 011 ; y~-j3 =0*005 ; and j3— a=0*006. The optical character is negative. 
M. Ivcwitskaja found that although each of the principal refractive indices of 
andalusite has a maximum absorption of light near 485/ift, yet only haff an 
absorption maximum in this region. According to A. Berlin, E. Mallard, and 
W. Haidinger, sections of andalusite normal to an optic a^is are idioj)hanou8, or 
show polarization brushes distinctly. Tlie crystals are strongly pleochroic. 
W. Haidinger found crystals showing, a, olive-grefcn ; 6, green ; and c, dark blood-red. 
A. des Cloizeaux, E. Bertrand, P. von Jeremejefi, and W. Haidinger made observa- 
tions on this subject. The red and green dichroism of andalusite from Minas Geras, 
Brazil, is remarkable ; and sections cut from the mineral may be so facetted that the 
light obliquely reflected from the sides may be differently coloured from light more 
directly reflected from the centre. According to 0. Miigge, radium radiations 
do not affect andalusite ; but, acconling to 0. Doelter, X-rays affect this mineral 
more than they do quartz. Htout crystals of chiastolite or made often have the 
axis and angles a different colour from the remaining mass. This is duo to a regular 
arrangement of the impurities in the interior. The crystals may therefore show a 
coloured cross, or a tesselated structure when viewed transversely. J. J. Bernhardi 
found the central column sometimes widefte from the middle towards each end. 
C. T. Jackson made similar observation^. Observations on this subject have been 
mad® by the early mineralogists — vide «<^a— and by J. F. L. Hausmann, H. Rostm- 
busch, W. Cross, F. Zirkel, J. Durocher, A. des Cloizeaux, H. Fischer, G. A. Kenn- 
gott, A. von Lasaulx, F. E. Miiller, C. E. M. Rohrbach, A. Gramann, E. Wcinschenk, 
R. Rfidemann, etc. The peculiar structure is supposed to indicate a skeletal 
growth of the crystals in which the carbonaceous residue has followed the lines of 
growth during the conversion of slate into crystals of andalusite. 
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Andalusite is insoluble in acids ; but it is decomposed by fused alkali hydroxide 
or carbonates. It is slowly attacked by fused borax. P. Jannaschi® said tliai 
unlike most silicates andalusite is only partially decomposed by fused boric oxide 
G. A. Binder studied the behaviour of andalusite towards water at 160°. F. Cornu 
found the moistened mineral reacted alkaline towards litmus. W. Suida found 
the mineral feebly adsorbed aniline dyes. C. Doelter heated andalusite with 
potassium carbonate and fluoride for several weeks at and observed the 
formation of scales of mica. He also compare^! the effect of a number 
of chemical agents on andalusite and cyanite. With fused potassium hydroxide 
no measurable difference was observed ; a similar result was obtained when dry 
hydrogen chloride was pas-sed over the heated minerals, which were afterwards 
leached with water to ffnd what proportion was made soluble. When heated in a 
stream of chlorine, cyanite lost but a slight amount more than andalusite. Ten 
])er cent, hydrofluoric acid dissolved 84 per cent, from cyanite, and 44*4 per cent, 
from andalusite. The amount of alumina dissolved in both eases was nearly the 
same, namely, 4() 2 per cent, from cyanite, and. 431 per cent, from andalusite. 
When digested at 180'" in an autoclave with a soln. of sodium hydroxide, andalusite 
lost an unweighably sgiall amount, while cyanite lost 1‘23 per cent. The conclusion 
is that, although in particular cases there might be a dilh^rence, in general, the 
two minerals behave very much alike towards these reagents. J. Lemberg heated 
aiulalusite or cyanite with alkali silicates or carbonates under press., and found that 
zeolitic substances were formed. K. Zulkowsky studied the action of fused sodium 
carbonate on andalusite. 

The. change of andalusite into mu.scoviO*. was observed by A. Gramaim ; and 
into chlorit(5 and kaolinite by P. E. Haefele. The reaction for muscovite is symbolized 
by C. K. van llise: GAl2Si305-|-K..C03-bl IHgO-eAKOHls+SHoKAlaSigOia+f^Os; 
and for kaolinite, 2Al2Si05-}-r)H20-“2Al(0H)3-[-H4Al5>Si209. Analyses of trans- 
formation products have been reported by 0. G. G. Bischof, P. von Jeremejeff, 
.1. Roth, .1. K. Blum, G. Grattarola, K. liussak, J. Romberg, etc. M. Weibull 
showed that the so-called weslanite or vestanite is an altered andalusite, F. Slavik 
found pseudomorphs of chiastolite after mica near Pribram. 

A blue mineral from Botiphinie, Scotland, was called by B. G. Sage talc hleu, 
and later heril feuiJUte. WTien the mineral is blue and transparent, and in large 
enough piece's, it can be used as a gem, and it then resembles sapphire. N. T. de 
Saussure, by a misreading of a label “ sapphire,” called it sappare. A. G. Werner 
designated it cyanite or rather kyanite— from Kvdvo<;, blue. R. J. Haiiy called it 
didhene -imn 3A, twice ; and (r^eVos, .strong —in allusion to the unequal hardness 
and electrical properties in two different directions. C. A. S. Hofmann called a 
white variety of cyanite rhadizitr— from Rheetia, the ancient name of Pfitschthal 
where the mineral occurs. 

(•yanito occurs principally in gneiss, mica slate, and crystalline schists. It 
does not occur as a pyrogonetic mineral in igneous rocks. Various occurrences and 
analyses ^2 have been reported. The results agree witli the formula Al.Pu.SiO^. 
The constitution has been discussed in connection with sillimanite. A. Daubree 
thought that he had synthesized cyanite by the action of silicon tetrachloride on 
alumina at a red heat, but H. St. 0. Deville showed that he was mistaken— wde 
sillimanite and andalusite. The colour is white, blue, grey, green, or black ; the 
crystals may be blue along the centre of the blades, and the margins may be white. 
It may occur in transparent crystals which are usually long-bladed crystals ; the 
crystals may also bo coarsely bladed columnar, or subfibrous. The first measure- 
ments were made by R. J. Haiiy. The angles were also measured by W. Phillips. 
Observations on the crystals have been also made by T. Liobisch, A. des Cloizeaux, 
J. Pllicker and A. Beer, G. Cesaro, G. Rose, A. Bohra, etc. The crystals belong to 
the triclinic system, and M. Bauer’s values for the axial ratios a :h:c are 
0‘8i)912 : 1 : 0 69677 ; 23', j3=100° 18', and y=106° 1' ; G. vom Rath gave 
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studied the X-ndkfCUn of cyanite. The (100) desvage is perfect, the (OU)) is 
less so, and the (Oh) imperfect. M. Bauer, and* 0. Mtigge studied the gliJin. 
planes of the crystals. H. Traube, and T. L. Walker studied the oonosion figures ; 
and E. S. Federoff, the orientation of the crystals. The twinning of the crystals 
is common ; and the crystals may be so combined as to make right- or left-handed 
twins analogous to those of orthoclase ; the twdns may also occur in staurolite-like 
forms crossed at an angle of 60^ F. von Kobell studied the axial figures in twin 
crystals ; he said that the rigjit- and left-handed twins may be easily distinguished 
by means of the polariscopo. In polarized light, they give a cross in an oblicpie 
position, but the principal optical section does not revolve with the revolution of 
the crystal. The colours with right- and left-handed twins change in different ordiT 
with the revfilution. The optic axial a^les were found* by A. des Cloizeaux to 
be 2^=101 6 and 2 F— 82 16 for red light. 0. Korn gave for different samples 
2fl^— 99 18-101° 2 30^ for Li-light, and 98° 55^-100° 45^ for Na-light. A. des 
Cloizeaux found that there is no perceptible change in the optic axial angle between 
12 and 17'8 . A. Michel-Levy and A. Lacroix made some observations on this 
subject. 

The specific gravity was found by F. Oswald to be 3 057 ; by G. ('. Hoff- 
mann, 3’6005 ; and by E. 11. M. Beekman, 3r)‘G-3‘59 before calcination, and 
3-236-3'240 after calcination. The hardness on the (lOO)-face parallel to the 
c-axis, 4-5 ; on the (100) face and parallel to the (lOO) (OOl)-edge, 6-7 ; and on 
the (OlO).face, 7. R. Cusack gave 1090° for the melting point of cyanite; 
A. L. Fletcher, 1140°; and A. Brun, 1190° -1210°; C. Doelter observed no fusion 
at 1340°, and gave 1370°-1430° for the Jii.p. A. Brun stated that at 1310° 
there is a mol. change. W. Vernadsky found the mineral changed to sillimaniO* 
above 1300°, with the evolution of heat. E. S. Shepherd and G. A. Rankin 
found the change to be very slow, but more rapid than in the case of andalusite. 
Cyanite was decomposed after heating half an hour at 1500°, but no silhmanite 
could be detected . Similar remarks apply after 48 hrs.’ heating in calcium vanadate 
at 10(X)°. Then) was very little change in cyanite after being 7 days at 1150°, 
2 days at 1000°, or 28 days at 900°. Similar remarks apply after heating cyanite 
72 hrs, in the priisence of sodium chloride at 8(X)°. Under no condition tried could 
sillimanite be converted to cyanite. A. B. Peck, and N, L. Bowen and J. W. Greig 
say that cyanite changes to rnullite, not sdlimanite, at. about 1350°. R. Lofimz 
and W. Herz studied the relation betw’oeii the m.p. and the critical teui]). A. des 
Cloizeaux obtained for the index of refraction with tjo red ray, j8 -L720. 
E.Taubert gave for the C'-,/l-,andF-lines,a- 1'7101, l'7131,and 1*7201 respectively; 
j3^1*7189, 1*7201, and 1 7219; and y-.l*7256; 1*7282, and 1*7372. E. Wiilfing 
gave for the Na-light, a -1*7171 1*7124 ; j8--l*7222; and y -4*728 -1*729. For 
the birefringence y -a --0 0119; y ^-00068; and j8--a-0(X)51. Observations 
were also made by A. Michel-Levy and A. Lacroix, and by 0. Korn. Tin? former 
gave a- 1*712; -1*720; and y 1*723; and y- a--0*011. E. Mallard and 

H. le Chatclier found at d° between 0° and 300°, for the change in the double refrac- 
tion (225*7 -f-4*68A“-)( 1 -t-00(XK)475^)X 10“^ ; and between 300° and 600°, 
(221 -|-6*56A~-)(1 -f 0*00007440) x 10”^. The optical character is negative. Cyanite 
is feebly pleochroic ; this is noticeable in strongly coloured crystals between colour- 
less and blue. C. Doelter found that cyanite is almost transparent to X-niys ; 
nor did he obtain any colour change by exposing the mineral to cathode rayS or 
to radium rasrs. 0. Mugge obtained no 'result with radium rays. J. PlQcker 
investigated the magnetic properties of cyanite! 

Cyanite is not decomposed by acids ; hydrofluoric acid attacks it very slowly. 
The action of chlorine, hydrogen chloride, hydrofluoric acid, alkali hydroxides, 
boric oxide, etc., are indicated in connection with andalusite. K. Zulkowsky studied 
the action of fused sodium carbonate on cyanite ; J. Lemberg noted that a soln. 
of sodium silicate at 200°-2i0° forms a substance like aimlcite. F. Cornu said 
that the moistened powdered mineral gives a feeble alkaline reaction with litmus. 
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Cyanite does not decompose so readily as andalusite, and the transformation 
products, in nature, are potash* mica, talc, steatite, and pyrophyllite. 

Z. Weyberg in his experiments on the action of fused barium chloride on china clay 
obtained besides the hexagonal crystals of 4Ba0.4Alj0^.78i0i, isotropic irregular grains 
with the composition 2Al20s.l5Si02, orAl^SijgOat, 


The fibrous mineral dumortierite was discovered by Gonnard in 1881 , 
and named after E. Dumortier. It was found embedded in the felspar in the gneiss 
blocks near Beaunan, France ; and other localities have been reported by G. vom 
Rath, H. Traubc, A. Michel-Levy and A. Lacroix, R. B. Riggs, J. 8. Diller and 
J. E. Whitfield, J. Romberg, E. Wittich, H. A. Weber, W. E. Ford, and A. Damour. 
In most of these cases analyses were also given, and the results of the eSrlier analyses 
agree with the formula AlgSisOig. W. E. Ford gave Al2oSi7044, and he assumed 
that it is a basic orthosilicate, (A10)i8Al4(Si04)7, corresponding with heptaortho- 
silicic acid, H28Si702g. The later analyses show that up to about 6 per cent, of 
boric oxide may be present. W. T. Schaller then represented the composition of 
the boriferous mineral by HAl(A10)7(B0)(Si04)3, ie. aluminium heptaluminyl- 
borohydroxytriorthosilicate, and that of the boron-free mineral— if such really 
exists—by nAl(A10)8(Si04)3, ie. aluminium octoaluminyl-hydroxytriortho- 
silicate. W. F. (’larke represents andalusite, muscovite, and dumortierite by the 
related formula) : 


m~(Al ())3 

Al^Si()4~Al 

^Si()4=Al 


S104=KH2 

Al^Si 04 ^l 

\si04^i 

Miwcovite. 


/Si 04 =Al 0 (B 0 H) 

Al~Si 04 ~(Al 0)3 

^Si 04 ~(Al 0)3 

Dumortierite. 


In place of the bivalent BOH-group, W. T. Schaller introduced the two univalent 
radicles, BO and H*. The mineral usually occurs in fibrous or columnar aggre- 
gates ; rarely in distinct crystals. I’lie colour is ultramarine-blue or greenish-blue 
-—rarely colourless, white, or green. According to J. 8, Diller and J. E. Whitfield, 
the axial ratios of the rhombic crystals a:b: c~d)5317 : 1 : — ; the prismatic 
angle a])proximatos 50"'. The (100) cleavage is distinct. A. Damour gave 3‘3G 
for the sp. gr. ; (I. Linck, 3*22; and J. 8. Diller and J. E. Whitfield, 3*265. The 
hardness is 7. The index of refraction is moderately liigh ; A. Michel-Levy and 
A. Lacroix gave ^-1*65 ; and G. Linck, 0—1*678, 1*686, and y— 1*681). The 

former gave for the birefringence y- a— 0*010, and the latter, 0*011. The optical 
character is negative. The pleochrosim is strong ; a is deep ultramarinc-blue ; 
)3. reddish-violet ; and y, colourless'. It shows idiophanous figures analogous to those 
of andalusite. Observations on the optical properties were made by E. 8. Larsen, 
E. Wittich and 3. Kratzert, and E. Rimann. 


Tlie so-CHllecl aercud%bUc is a dark bluish-greon mineral occurring in triclinic erj'stals 
in the moonstone pits near Kandy, Ceylon. Acconling to A. K. Cooinaroswamy,^* its 
composition corresponds with 10(Ke,Ca,Mg)O.6AljO8.6SiO..BjO3 ; its sp. gr. is 3*42 ; 
and hardnem 7. The pleochroism ranges from pale yellowish -green to deep indigo-blue. 
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§ 35. Hydrated Aluminium Silicates- Clays 

The hills are shadows, and they flow 

Frona form to form and nothing stands ; 

They melt like mists, the solid lands 

Like clouds they shape thomsolvea and go.— T. Hutciilnsov (1889). 

Rocks show striking differences in bchav'our when CaXposed to the W(*at lu^r for 
long periods of time. Some remain hard and firm, others cnimblo and powder in 
a comparatively short time. Many ancient Egyptian and (Irecian monuments 
show relatively slight symptoms of decay, whereas in many other countries buildings 
made from apparently similar rocks soon deteriorate, and are saved from disintc' 
gration only by continued renovation. Calcareous building stem's decay com - 
paratively quickly when exposed to the moist, acidic vap<»ur8 which jiri'vail in the 
atmospheres of towns. ^ 

Felspar and felspathic rocks are rather susceptible to weathering agents. The 
mineral is rarely found pellucid and clear ; it appears to he first attarki'd along the 
cleavage cracks. The felspar becomes turbid or opaque, due to the formation of 
innumerabhi particles of what appears, in some cases, to be white (day. When t he 
change is advanced the felspar becomes friable. A granitic rock with its con- 
stituents originally bonded by the felspathic matrix, may thus disintegrate and 
hmve behind the clay mixed with the more resistant varieties of mica, quartz, and 
other minerals which originally formed the granitic rock. It is, however, probable 
that the product of the weathering of these ro(;ks is not always kaolimte or clayite. 

In the extraction of cliina clay, the products* formed by the weathering of the 
less ferruginous granitic rocks are leached from the sides of the mine hy streams of water. 
The velocity of the stream of water carrying the clay, mica, quartz, etc., m suspiMision is 
allowed to slow down gradually whereby all the coarser particles of sand and mica settle 
The flne-grained clay, together with a very small amount of fine-grained mica and quartz, 
is allowed to settle in suitable pits ; part of the water is syphoned off ; part is removed hy 
evaporation ; and the clay is finally dne<l m suitable kilns. The water may also Ije 
removed by filter press. ; by electrical deposition on the anode of a suitable elfM-trical 
cell ; by centrifuge ; etc. The product is known as china clay and is sometimes called 
kaolin— generally outside the industry. 'J’he <lisintogratod granite from which china clay 
is washed is called china clay rock ; a crystalline fonn of china clay is called kaoiinite, 
and non-crystalline particles are called clayite - ihe chief impuritiiw are very fine-grained 
particles of mica, and quartz. Analyst or tl^^ purer varieties apjiroxirnate to 
Al,0j.2Si0j.2H20. Many of the impurities in the commoner clays can he nmiovcMl hy 
washing. Some of the “ iron ” in some clays cannot be removed in this way, and Y. Ichikawa 
claimed to have removed it by the action of chlorine on the clay at lOtF 110". Chlorine 
attacks metallic iron or ferric oxide plus charcoal at this temp., hut not iron oxide without 
the carbon. The process though costly is sometimes effective, sometimes not. The same 
remark applies to other modes of purification — vide infra. A more or less doionuiosed 
form of granite is called Cornish stone, which contains more or less undeconipoaed felspar, 
and it is graded for the market according to the stage of weathering — purple stone is hartleet, 
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least weathered, and the most fusible ; dry white and huff stones are most weathered, softest, 
and least fusible ; while mild purj^e represents an intermediate stage of weathering. The 
Cornish stone is ground to powder and used as a flux in the manufacture of pottery. 

I). G. cle Dolomieu 3 said the rock in which the change is in progress is affected 
by la maladie du granaJt. The action is extremely slow, but nature is in no hurry. 
While the decomposition of silicates by weathering furnishes colloidal silica- opal, 
the weathering of the aluminosilicates furnishes colloidal clay— clayite. There 
are many intermediate products of the decomposition, *The transformation of 
felspar to china clay in nature was recognized by J. *B. L. Rome de I’lsle as early 
as 1783, by A. G. Werner in 1791, and by R. J. Haiiy in 1801. The last-named 
called the china clay feldspalh decomposi^. The plugioclase felspars highest in lime 
are attacked most readily, orthoclase is more resistant. Both E. Mitscherlich,'* and 
C. G. C. Bischof have remarked that when soda- and potash-felspars are together 
present, the former is frequently found decomposed and friable when the latter is 
but slightly affected. 

The meclianical disintegration of rocks by the alternate freezing and thawing 
of water in fissures and cracks ; and the crazing of the surface by the diurnal 
variations of t(mip.— as illustrated by the fact that some buildings show most signs 
of weathering on the sunny and not the shady side- -facilitate the weathering of rocks 
by bringing fresh surfaces into contact with the agents which produce chemical 
changes ; mainly water carrying various agents in soln. — carbon dioxide, oxygen, 
organic acids, hydrogen sulphide, and sulphuric acid. The products of the chemical 
decomposition of rocks an? very varied ; but with felspathic and related rocks, the 
hydrated aluminium silicates, known as clays, arc produced. Among the clays, 
the so-called kaolin or china clay is perhaps the most important. Consequently, 
the conversion of felspar and related rocks into clay, by weathering, is sometimes 
called the kaolinization of these rocks. 

Kaolin or china clay is not to be regarded as a primary mineral, as 
M. H. Klaproth assumed, but is always a secondary product formed by the 
cliomical decomposition of other rocks. J. Hawkins ^ even suggested that china 
clay rock is the original or parent rock ; granite the derivative. lie maintained 
that the lapidifying influence has acted from below upwards. The arguments 
are quite ina(lo(piatc. J. Eournet’s ^ ideas are difficult to understand ; he suggc'sted 
t hat those minerals whicji at the time of their formation have a tendency to crystal- 
lize in two different forms, are least stable, and rocks containing such minerals 
readily decompose. Tlu^ felspar was supposed to bo partly kaolinized during the 
cooling of the granitic magma, and more complete decomposition was supposed to 
be induced by local electric currents set up by contact with rocks of different kinds. 
Following up a suggestion by A. F. Gehlen,® A. Brongniart and J. Malaguti, in 
1841, attributed the kaolinization of felspathic rocks to a kind of electrolysis because 
they were able to decompose felspar by passing an electric current through water 
holding ground felspar in suspension. A. S. Cushman and J. Hubbard’s process 
for the extraction of the alkali from potash-felspar is based on the same reaction. 

There are three recognized hypotheses on the kaolinization of felspar all of which 
have given rise to much discussion. For example, H. Rosier maintains that the 
china clay of Halle, and indeed all clays, are produced by the operation of thermal 
waters with their gaseous emanations ; E. Wiist considers that the Halle clay has 
been produced by the action of humus acids ; and V. Selle ascribes the kaolinization 
of the Halle clay to the chemical activity of water containing carbonic acid. 

1. Volcamc gases and vapours, or pneumatolytic actions— horn TTvcc/xaTuds, 
air or gas ; Xvuv, to loosen. G. Forchhammer showed the possibiUty of the 
formation of clay by the action of water-vapour at a high pressure upon felspar. 
This view was generally adopted by L. von Buch, F. H. Butler and J. H. Collins, who 
emphasized the effects of fluorides and borates in the vapours of fumaroles. 
The assumption that the clay in Cornwall has been in many cases formed by 
pneumatolj^ic action, from below upwards, is supported by the facts : (i) the 
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deep-seated disintegrated granite or china-clay rock—extonding soiuetimes over 
600 ft— is often most affected in the lower parts of the bed, and tongm^s of clay 
pass upwards into granite much less affected; (ii) boriferous and fluoriferous 
minerals — tourmaline, topaz, and fluoro-apatite are common in the clay localities ; 
and (iii) the quartz grains are etched ^2 or altered into rounded grains owing to the 
attack by the acidic vapours. J. 11. Collins found that vapours of hydrofluoric 
acid acting on felspar produced a white amorphous powder which has some analogies 
with clay ; and he further noticed that potash-felspar was more susceptible to atUick 
than soda-felspar, or soda-lime-felspar. Some investigators 12 liave perhaps over- 
emphasized the action of fumarolo discharges from below upwards, and assumed 
that all china clay has been so produced. A summary of the available evidence 
shows that the kaolinization of folspathic rocks may also jucM’eed by surface weather- 
ing acting from above downwards. According to this mterprotation, the rotting 
or weathering of the rock will gradually diminish downwards until finally fresh 
rock is reached. The surface weathering of some of the rocks in South llrazil and 
in the Transvaal is considered deeper than usual, and here it extends downwards 
about 200 ft. Again, according to H. Kies,^^ the Brandywine Summit (‘lay 
deposits were worked for a number of years, and abandoned when the surfaci' clay 
gave out ; the mine was afterwards worked for the ftdspar lower down. Presumably, 
the surface layers of felspar had been kaolinizc'd. According to 11. Jiies, all th(‘- 
beds of china clay hitherto exploited in the Uniti'd Hlates iiave b(^en foruKHl by 
surface weathering from above downwards. 

2. The action of surface waters chati/ed with carbon dioxide. Nunu'rous 
observers have demonstrated the decomposition of felspar, mica, and related 
minerals by the action of water, and particularly water charged with carbon dioxide. 
W. P. Headden, for instance, said that water holding carbon dioxide in soln. is 
nearly nine times as active as distilled water when in contact with hdspar {(j.v.). 
Water can work its way into the body of granite rocks through pores and cleavage 
cracks; for, according to 0. 11. van Hise,’^ granite rocks have a [lorosity of 0 2 0*5 
per cent. According to C. (1. Bischof, one of the springs in the vicinity of Luke 
Leach (Germany) discharged nearly 176,000 lbs. of water carrying O’ LI per cent, of 
sodium carbonate in 24 hrs. ; assuming that the sodium in felsjiar is converted 
into soluble sodium carbonate, this would represent the decomjiosition of m^arly 
18,fKX) lbs. of soda-felspar per annum. A fc^w C(‘iituriy8 would thus sullice to 
decom[)ose enormous masses of granitic rock. It does seem curious to find a dil. 
soln. of carbon dioxide* has sufficient chemical strength to decompose a combination 
like felspar which is fairly r(*8i8taiit to the most powerful mineral acids ; but 
H. Rose pointed out, in 1842, the enormous quantities of carbonic acid which 
are brought into contact with the rock make up for its deficiency in chemical 
strengtli. According to L. von Struve and H. MUlhT,^'^ carbon dioxide under 
compression is more active than it is at ordinary press. A. Stahl considers 
that the clay deposits of PaH.8au, Mederschlesieu, and Odenwald have bemi fornu'd 
from gneiss rocks by the action of the carbon dioxide. The china clay at Auvergne 
(France) is supposed to have been formed in this way ; W. 8. Bayley found the 
china clay in the Pi(*dmont Plateau, North Carolina, gradually merges downwards 
into felspar. The effect of carbonated waters can be easily over-estimated, in 
contrast with the action of organic acids which are probably more powerful than 
carbonic acid. I. Ginsberg , 21 howev(jr, claims that the formation of china clay 
by the action of organic acids in natural^ waters has not been demonstrated. 
H. Stremme 22 considers that the efficiency of Ml the different weathering agents 
is really due to the chemical activity of aq. soln. of carbonic acid cold or hot ; 
and K. Endell has shown that the acidity of moor-waters is largely due to the 
carbonic acid they contain. 

E. Mitscherlich 23 suggested that the pyrites occurring in carboniferous strata 
is oxidized by the percolating water holding oxygen in soln. Sulphuric acid is 
formed. This decomposes the underlying felspathic rocks into kaolin, and other 
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products. Since most china clay bods do not occur in the vicinity of carboniferous 
strata, the hypothesis is inadequate. According to R. Bunsen, aq. soln. of hydrogen 
sulphid(i, derived from neighbouring sulphide ores, can kaolinize felspathic rocks 
more vigorously than soln. of carbon dioxide. There is a little evidence to show 
that dil. soln. of sulphuric acid derived from the oxidation of neighbouring sulphide 
ores, can kaolinize felspathic rocks. 

3 . The action of water draining from peat hogs, etc., containing organic adds in 
solution.— Aci'oidmg to E. Wust,^^ and V. P. Smi^nkofF, organic acids— humic 
and crenic acids— derived from vegetable matter have a far greater corrosive action 
on minerals than has carbonic acid. Water is the agent which brings the acid 
in contact with the rocks. The drainage from bogs and peat beds, water percolating 
through soils, liver and*other surface waters, carry in soln. ammoniacal salts and 
organic acids -humic, oxyhumic, crenic, apocrenic, and other acids. E. Wiist 
claims that humic acid is the important agent in the kaolinization of felspathic 
rocks ; and A. Stahl 2^ has shown that the majority of the deposits of china clay in 
Germany — Saxony, Thuringia, Silesia, etc.— occur near beds of \\gmte - -Braunkohle 
and in many cases underneath these beds. The drainage- water — Moorwasser — 
from the bogs, peat,. and lignite has presumably been the active agent in the 
kaolinization of the underlying rocks. The china clays which have been formed in 
this way are usually more pure and more free from ferruginous impurities than 
clays formed in other ways, because, as F. Senft has pointed out, organic acids 
have a solvent action on these impurijiies. 

According to K. D. Glinka, it is very probable that the products obtained by 
the weathering under different conditions are not the same . 26 There are also 
many hydrated aluminium silicates— such as pyrophyllite, Al2O3.4SiO2.H2O ; 
halloysite, Al20;j.2Si02.4H20 ; etc. -whose mode of formation has not been made 
clear. In tropical and subtropical regions— India, Malabar, Surinam, Seychellc 
Islands, Hawaiian Islands, Madagascar, British Guiana, etc. — the chemical action 
secmis to proceed further than in temperate zones. The silicates are more thoroughly 
decomposed, and lateritic earth, and gibbsite are produced. Laterite appears to 
bo a variable mixture of ferric and aluminium hyroxidcs with free silica .27 
E. K. 8chmid, and H. Herold consider kaolinite to be the end-product of the change, 
and the former designates the intermediate products as a, y, and 8-kaolius : thus 
he said that a-kaolin is Al2O8.2SiO2.2H2O; jB-kaolin, Al2O3.2SiO2.UH2O ; y-kaolin, 
Al2O3.2SiO2.H2O; and 8-kaolin, A 1 2O3.3SiO2.2H2O. H. Rosier, however, con- 
siders that E. E. Scljmid was working with mixtures, and not with chemical 
individuals. J. M. van Bemmelen determined the ratio AI2O3 : Si02 dissolved 
when claj^s are treated with acids, 'and from the results inferred that clays produced 
by ordinary weathering are probably hydrogels with the ratio 1 : 3-5 ; those formed 
by kaolinitic weathering, have the ratio 1:1-2; and in lateritic weathering free 
gibbsite is formed as indicated by R. Lenz. M. Bauer obtained similar results. 
As shown below, it is doubtful if the solubility test is of much value. 

The transformation of felspar into kaolin or china clay is usually symbolized : 
K20.Al203.6Si02+2H20 I G02-Al203.2Si02.2H20-f 4Si02-hK2C03 ; after repre- 
sentingthe actionby an equation eq, toK20.Al208.6Si02'fwH20™Al203.2Si02.2H20 
-fK 2 Si 08 f 3 Si 02 .nH 20 , G. Forchhammer said: “ It is highly probable that the 
second product of the decomposition, water-glass, will be found somewhere in 
nature,” and he succeeded in establishing the existence of this salt in the water of 
the geysers in Iceland. The bases and soluble silicic acid derived from the decom- 
position of felspathic rocks are paHially rtJtained by the soil and partially washed 
into the sea. The formation of gibbsite or laterite has been symbolized in an 
analogous manner. The formation of seridtic mica, K2O.3Al2O8.6SiO2.2H2O, a 
common intermediate product of the conversion of felspar into kaolin, is symbolized : 
3 (K 20 .Al 203 . 6 Si 02 ) 4 - 2 H 20 -f 2CO2 = K 20 . 3 Al 208 . 6 Si 02 . 2 H 20 + 12 Si 02 -f- 2K2CO8. 
W. W. Hutchings,*-^® for instance, inferred that the sericitic mica in some fireclays 
was produced from the decomposition of the felspar. The experiments of 
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A. E. Tucker on the action of carbonated water on felspar resulted in the formation 
of white scaly crystals. Magnesium and iron salts hiay also take part in th(‘ degra- 
dation of felspar forming biotitc, epidote, etc. 

The clay may be leached by natural streams of water from the j)lace whcTc it 
was formed, transported from the hills, and deposited at lower levt'ls where the 
velocity of the stream slackens down. All kinds of debris from tlie rocks and soils, 
etc., over which the clays are carried may bo transported along with the clay. 
Hence, many clays are the washings and sweepings of the hills which Nature has 
accumulated as her rubbish-heaps in convenient places. Transported clays 
usually, but not always, less pure than the residual clays. The term c/ay is applied 
industrially to a fine-grained mixture of various minerals which has these «[unlities : 
(i) It is plastic enough to be moulded w^hen it is wet ; (i) 7t retains its shape when 
dried in spite of a certain amount of contraction ; and (iii) when the moulded 
mass is heated to a high enough temp, it sinters together, forming a hard coherent 
mass without losing its original contour. These properties have given clays an 
important place — probably third or fourth — in the w'orld’s industries, ('lays are 
used in the manufacture of building bricks, tiles, firebricks, crucibles, gas retorts, 
sanitary goods, pottery, etc. China clay is also exten.sively employed for filling 
paper, cotton, etc. It is used in making white paints, alum, ultramarine, wall- 
plasters, etc. ; and it appears as an ingredient in some pharmaceutical ])repara- 
tions. The agriculturalist’s definition of clay is quite different from that cm})loyed in 
ceramics, because he arbitrarily selects from*a mixture of grains of various Hiz(*s a 
particular fraction and calls it clay. Some of the definitions would aj)ply e(iiially 
well to })ulvprulent coal, cocoa, and clay. 

The discovery of china clay in Europe is usually considered to datc^ from the 
beginning of the eighteenth century when J. F. Bdttger-'^ made porcelain in 
imitation of that brought to Europe from (^hina by Eastern traders. It is said 
that J. F. Bdttger had acquired a good knowledge of the properties of clays in 
making crucibles for his alchemical experiments ; and that he wanted only a white 
burning clay to produce the desired result. With the coloured clays then available, 
he made red stoneware or a vitreous body known as BotU}er\<i red porcelain. H(‘> 
is said to have accidentally discovered the white clay which he desired at Amj near 
Schneeberg. This white clay is now known m porcelain clay, china clay, or /yuolin. 
The tenn “ kaolin ” is said to be a corruption of the ('liinese hw. high ; and /?/?//, 
hill, in allusion to the Kaoling Mt., North ('hina, whence much of the clay used by 
the Chinese for the manufacture of porcelain was obtained. •As a matter of fact, the 
white clays were known in Europe long before J. F. Bdttger's time, and E. W. von 
Tschirnhausen, before J. F. Bottger, made experiments with the white clays, 
and cahie very near to the discovery of porcelain. H. Peters, indeed, claimed that 
E. W. von Tschirnhausen actually made porcelain before J. F. Bottger, but 
E. Zimmermann showed that H. Peters was probably mistaken, and that the first 
porcelain was made by .1. F. Bdttger in I7(lt), a year afU*,r the death of E. W. von 
Tschirnhausen. 

In early days, a white clay from the islands of Lemnos and Samos was knowui in 
Europe as Diana's earth, and terra sujilUUa, and used as a medicine. Tin; beneficent 
virtues of this edible clay were extolled by Horner, and Herodotus. The Ijiwnian 
earth was mentioned by Theophrastus, and Dioscorides ; and Pliny confused the 
terra sigillata, which he called sphrayis, with the Ijcmnian red earth used as a pig- 
ment. The edible clay occurred in the^LeiAnian hills, and the mine, so to speak, 
was in charge of the priests of Diana. They alone had the right of access to the 
mina. A supply of clay was extracted once a year as a solemn religious ceremony. 
The temple priests mixed the clay with the blood of goats, moulded it into pastils, 
and impressed the slabs with the sacred symbol of Diana. In the Middle Ages, 
the edible clay was obtained from other localities, and the tabloids were stamjred 
with various symbols and legends. The earth was used as a panacea against all 
kinds of diseases. Copies of the different stamps which were employed in the 
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marketing of terra sigiUata will be found in D. C. G. Ludwig’s Terrm musei regii 
Dresdensis {LipBia 3 , 1749). THrough some confusion, the red Samian pottery of 
the Romans has been called terra sigiUata — e.g. F. Oswald and T. D. Davis, An 
Introduction to the Study of Terra SigiUata (New York, 1920) ; and many others. 
M. B. Valentini, J. J. Wagner, A. Bertold, J. T. Schenck, J. Montanus, J. G. Geil- 
fusius, L. F. Jacobi, D. Richter, and G. A. Volkmann wrote memoirs on the terra 
sigiUata. C. Gesner, J. K. Speilmann, A. Baume, and several others wrote mono- 
graphs about clays before the eighteenth century. .Clay was also in use by the 
Chinese, about r),36 a.d., as a therapeutic agent; and edible clays have been 
discussed by E. G. Love, C. Schmidt, C. W. C. Fuchs, C. Hebberlung, M. M. P. Muir, 
etc. 

B. Palissy experinfented with terra sigiUata for pottery purposes before 

J. F. Bottger’s work, but there is no evidence that he made porcelain. Had he 
be(m looking for porcelain, however, he would probably have found it because it 
is scarcely conceivable that some of his trial mixtures were not adapted for the work ; 
but tlu^y were probably rejected as over-fired. In the official deed providing for 
tlu^ manufacture of [)orcelain at Meissen, reproduced by E. Zimmermann, it is 
8[)ecified that the. ware is to be made von sogemmnier Terra SigiUata. The discovery 
of a white clay at Allen^on, France, in 1758, enabled J. E. Guettard, and B. Laura- 
guais to make porcelain ; and the subsequent discovery of a deposit of this clay 
at St. Yriex, Limoges, by M. H. Vilaris, in 1760-68, led to the manufacture of 
porcelain at Sevres and elsewhere. .Likewise also the discovery of china clay 
in Cornwall, by W, (k)okworthy, enabled him in 1768 to apply for a patent for the 
manufacture of porcelain, and this resulted in factories being started at Plymouth 
and Bristol. The manufacture of hard ])orcelain, for some njason or other, has 
never flourished in England. 

The term 6o/o--from fiwKos, a clod of earth- -is applied to a number of clay-like earths 
used medicinally. 'J'ho more common varietio.s occur in yellowish -brown masses, with 
H greasy feel, and iTurnblo to powder wlion placed in water. The composition of boles from 
different loiialitios is very variable; the silica, for examj)le, may range from 20 tif) per 
cent. (;. F. Jtammelsborg gave a number of analyses. The rod earth of Lemno.s was [iro- 
hably a bole. It is alluded to by Tlieophrastiis, Dioscorides, and Jdmy, D. L. G Karsten 
called a variety sphrayltt, and E. V. Glockor, sphraguiitf'. 'I'lio oropiun of E, (docker is 
a dark brown or black hole, and the Ihrgunfr. of A. G. Werner from Glkutsch, Poland. Tho 
('olour is due to tho pros(!nco of some bituminous matters. Oropion was analyzed by 
(1. E. Hucholz. A. l}reithaupt’.s ochran is a yellow bole from Orawitz.a of h[) gr. 2 4-2 f). 
It was analyzed by C. Al. Iversten. E. Lihvenstem measured the vap. prc.ss. of a number 
of boles, TJie rod clay referred to by Thoophra.stus as rru</o^<y, by JMmy as ftinopsis, 
by At. H. Klaproth as Hinopischc. hJrdf, and by J. E. L. Hausmann us .miopite, is a bole. 
A honey-yellow clay from Amberg, llavaria, etc., was called by E. E. Glockor melinite — 
trom ne\i, honey ; and a variety from Vier/on, Erance, was called inerzonite. It appears to 
1)0 tho Gelberde referred to by (J. A. 8. Hofmann. Melinite was analyzed by 0. Ji. Kuhn ; 
and analyses of boles \vei-e reported by G. 0. von Leonhard, H. W. F. Wackenroder, 

K. Zellner, etc. I’. J)wojt.schenko obtained a mineral resembling kaolinite from Aluschta, 
Krirn, and it was called almchlite. 

The old German term A’tcimnarA: -from Mark, marrow — was applied by G. Agricola 
to a firm compact clay occurring in fissures in rocks, was likened to marrow m bones. 
The sumo kind of clay was called lUtmnarge-Avom kLQus, stone ; and marga, marl -and 
A. Ereithttupt called it lUl^colla — from KlSos, stone; and koAAo, glue or cement. 
J. G. Wttllorius callwl it leucoargilla, as well as marga poreellana ; and A. Oonstedt, terra 
porcellana. The general properties of these varieties of clay resemble those of compact, 
more or less indurated, kaolinite. J. E. L. Hausmann called the hard compact china 
clay tSteinmark, and the friable clay porcelpin earth. Tho older mineralogists seem to have 
regarded this variety of clay as a magnesian ec^dh or an earth allied to talc. A. G. Werner, 
for instance, said it was a Talkerde composed of scaly particles. C. A. S. Hofmann, and 
1). L. G. Karsten also called it earthy talc ; and R. J. Haiiy, talc granuleux. A green litho- 
marge from Oravicza, coloured with ferrous oxide, was call^ by A. Rreithaupt oraviezite 
A little zinc oxide is sometimes present. The sp. gr. may rise to about 3T. C. M. Kersten, 
H. Noschold, M. H. Klaproth, and A. Erenzel analyzed a wliite or reddish- white variety 
from Rochlitz, Saxony, called by J. (\ Freiesleben Palksteimnark ; it had a sp. gr. 2'488- 
2'505 ; A. Breithaupt called it tnyelin — from fivfA6s, marrow — and a Jlesh-red variety 
with a sp. gr. 2-643 was called from camis, flesh. Analyses show tliat these 
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substances are varieties of clay associated with more or less iron oxides, in place of alumina. 
A lavender-blue, grey, or dark red earth was called % A. Breiihau^t ** Eismsteinnmrk, 
It appears to be the old sdchsiache Wandcrerde, of D. Richter, and J. E. de Sehiitz ; it was 
called teratolite— from upas, wonder— by E. F. Glocker. It was analyzed by J. c/Freies- 
leben, who found that about 12 per cent, of alumina was replaced by ferric oxide. A. Knop, 
and A. Frenzel described the clay, and H. Fischer, the crystalline structure. 

W. A. Ross ” described a yellowish-white mineral obtained from Simla, India, which 
appeared like meerschaum, and had an eartby or conchoidal fracture. He called it 
rmerachaluminile ; and A. Schrauf, simlaite. Its sp. gr. is 1*5-2 0. N. S. Mnskelyno and 
W. Flight analyzed it and fopnd the composition: 2Al203.3Si0j.4Hj0-|-HgSi03. The 
white or grey clay from the diaspore rocks at Dilln, Hungary, was called dillnitt by A. Hutzel- 
mann.** It has an earthy or conchoidal fracture; its sp. gr. is 2*674-2*835. Analyses 
by A. Hutzelmann, and J. L. Smith agree with lAljOj.SSiOj.OHaO. W. Haidinger tJiought 
it to be a mixture of diaspore and clay. M. H. Klaproth’s Bilthtem is regarded as a mixture 
of dillnite and aluminium hydroxide. G. Ulricli described silver-w’hite, or griH^nish 
talcosite as a mineral resembling talc occurring in the selwynite of Heathcote, Victoria. 
Its sp. gr. is 2*40-2*50, and the hardness over 1. Its composition approximates 
Al20j.2Si0,^.^H20. P. Termier described venniculitic aggregates of a related mineral 
which he obtained from St. Etienne, France, etc., and called le.vt'mente - -vule infra. 

F. Kammelsberg de8cril>ed a straw-yellow clay from Schlackenwald, Rohemia, wliicli 
he called carpolite. The composition approximated 2Al2Oj.3SiO2.3H.2O, with some 
alumina replaced by ferric and manganese oxides. The sp. gr. w’as 2*035. T. Thomson 
aescribed a brownish-rod earth from Antrim, Ireland, which ho called plhdhilc. Its 
composition approximated 2Al2Oj.3SiO2.6H.2O, with up to half the alumina replaced by 
ferric oxide. M. Heddle analyzed a sample from Skye. A soft rose-red earth from the 
same locality was called by T. Thomson rhodolite. 

A very large number of analyses of china clay have been published,^® and 
analyses are made every day. From the very way in which clays have been formed 
in nature it might be anticipated that they arc particularly liable to be contaminated 
with impurities. Even supposing the clay in china-clay rock to bo fairly pure, its 
subsequent transport by currents of water may be attended by tin'- introduction 
of debris carried by other streams. Thus, there arc arenaceous clays, cah'areous 
clays, micaceous clays, ferruginous clays, felspathic clays, etc. The analyses in 
Table XVU will give an idea of the composition of some clays used in the manufac- 

'I'aulk XVII.— The (.’omoosition of Some Clays. 



Stourbridge 

silicpoiis 

' Eiiubou 

Leeds 

Devon 

Kings win ford 

Kllwiiiiilg 


clay. 

i clay. 

clay. 

ejay. 

; clay. 

clay. 

SiOo . 

H 0*86 

72 46 

67*24 

62 ^ 

j 54*86 ' 

41*44 

Ti ()'2 . 

1 00 

1*31 

1 00 

I'^IO 

! 1 *42 ' 

1*56 

AI 2 O 3 . 

1 1 02 

17 28 

20*45 

25*56 

20 01 

33*71 

FejOj . 

0 HI 

0*77 

2 19 

0*94 

1*70 

1*87 

MgO . 

' 0*11 

0*36 

0 27 

0*16 

0*40 1 

0*19 

CaO . 

0*10 

0*26 

0*18 

0*24 

0*24 

0 44 

K 2 () . 

0 32 

1 74 

0 00 

3*74 

0*78 

0*40 

Na 2 () . 

0*40 

0 48 

0 .30 

0*58 

0*48 ■ 

0*26 

Loss on ignition . 

4*40 i 

1 

5 30 

7*40 

5*80 

10*87 i 

20*60 

Refra<‘torinoss . , 

1660'" ' 

1 

1650" 

1660’ 

1690" j 

1710" i 

1770" 


ture of firebricks. The refractoriness refers to the squatting temp. A. Brongniart 
and J. Malaguti gave 2Al2O3.3SiO2.4H2O for the best representative value of the 
composition of the ideal clay base ; L. Bley, 2Al2O3.3SiO2.3H2O ; J. N. von 
Fuchs, 4Al203.9Si02.12H20 ; R. Freftenius, Al2O3.3SiO2.2H2O ; and G. Forch- 
hammer, Al2O3.2SiO2.2H2O. The last result is the generally accepted formula. It 
is in close agreement with the analysis of the purer types of china clay, and with 
analyses of crystalline kaolinite. Assuming that this hydrate occurs in all true 
clays, and is the cause of their plasticity, A. Brongniart and J. Malaguti called it 
le veritable argile ; and F. Senft called it Thonsubstanz or clay substance, a term much 
in use for the clayite or kaolinite in clays. The method of estimating the amount 
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of clay substance in clays by finding the amount soluble in hot cone, sulphuric acid 
was shown by J. W. Mellor to belallacious. H. le Chatelier assumed that halloysite 
is the clay- base in some clays, montinorillonite in others ; and J. W. Gregory, and 
D. P. McDonald assumed a halloysitic base in Glenboig clay. 

Attempts have been made to find the constitution of china clay by observations 
on the effects of acids, alkalies, and heat. S. J. Thugutt ^9 stated that one-third 
of the alumina is more rapidly dissolved by hot sulphuric aoid than the other two- 
thirds. J. H. Collins said that half the alumina is di^olved relatively quickly by 
hot sulphuric acid, and the other half slowly. The retardation of the reaction is 
partly due to the formation of a protective layer of silica over the unattacked cores 
of the granules. There is nothing to show that the rate of decomposition and disso- 
lution differ from those of other heterogeneous reactions. According to A. Brong- 
niart and J. Malaguti, and C. F. Rammelsberg, aq. soln. of potassium hydroxide 
extract a quarter of the silica from kaolinite. The kaolinite was probably impure 
because P. Berthier showed that caustic alkalies scarcely attack the fired or uniired 
clay. The action is really determined by the cone, of the soln. and the temp, since 
J. Lemberg showed that by digesting china clay with aq. soln. of alkali 
silicates, hydroxides, or carbonates, natrolite, K2O.Al2O3.3SiO2.3H2O, is formed. 
Theactioui8repre8ented,3(Al203.2Si02.2H20)4-6KOH“»2(K20.Al203.3Si02.3H20) 
-f 3H2O I-K2O.AI2O3. This led R. Brauns to assume that the molcule of kaolinite 
should be symbolized 2(Al203.Si02.3H20)Al203.3Si02. If the argument were 
valid, the action of chlorine on potassium hydroxide : 30 l 2 -j'ffNOH-> 5 KCl-f KCIO3 
-1 3H2O, might be cited as evidence for a more complex formula for potassium 
hydroxide. However, the original experiment, if modified a little, gives quite a 
different result. There is no worthy evidence that the aluminium atoms of kaolinite 
have different characteristics ; a similar remark applies to the silicon atoms. 
W. Vernadsky assumed that the water in kaolinite is held half by the alumina and 
half by the silica ; only that held by the alumina is driven off at low redness leaving 
a partially dehydrated molecule which is readily decomposed by hydrochloric acid -- 
vide iv fm. As a matter of fact, no reliable evidence justifying this conclusion is 
available. All tlie water can be driven from kaolinite below redness. The action 
is slow at low temp., more rapid at high temp. It will be shown later on that there 
is no evidence of two breaks in the dehydration curve, and both the molecules of 
contained water behave similarly. 

Until suitable evidence is forthcoming, undue emphasis should not be placed on 
constitutional formula) Mjhich assume dissymmetrical atoms like R. Brauns’ formula, 
H2(Al()H)2Si207 ; or the metasilicate formula, H0.Al(HSi03).Si03.Al(0H)2. 
P. Groth’s formula is {Ai(HO).» {261205, or {Si0.0.Al(0H)oj20 ; R. Scharizer’s 
0{Si(0H)2.0.Al:0l2 or 0(Al~Si04=:H2)2 ; K. von HauShofer’s, W. Pukall’s, 
and F. Hundeshagen’s 0(H0.Si™02— A1.0H)2 ; and C. Simmonds’s (HO.O)2Si : 
Si(0.0.A10H)2. H. C. McNeil, K. D. Glinka, Y. V. Samoiloff, W. and D. Asch, 
and W. Vernadsky have also recommended formula for kaolinite. F. W. Clarke 
emphasized tlio relation between kaolinite and muscovite, and between kaolinite 
and felspar by means of the graphic formulae : 


/Si04^HB ,OH 
Al(-Si 04 ^Al Al^Si 04 ~H 3 
^Si 04 =Al ^8i04^1 

Muscovite. Kaolinite. 


/Si303:=K5 ^OH 

Al^SijOs^l A1 AsiOs^H I A1(0H2 } * 

^Si,08={Al(0H)j(3 
/ Felspar. Kaolinite. 


With these and other possibilities, the choice is largely a matter of temperament ; 
but if there be any weight in (i) the continuity in the rates of dissolution of kaolinite 
by acids and alkalies ; and (ii) the continuity in the rate of decomposition at different 
temp., the aluminium and hydroxyl groups are symmetrically placed in the 
molecule, and P. Groth's formula is preferable. This may be written as a dialtunino- 
disilioio acid* the so-called kaolinic acid : 
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(HO)2=Al~O.SiO^., 

(HO)2-:Al-O.Si(K^^’ 




O.SiO 

O.SiO 


>0 


in harmony with F. Ullfera s idea that kaolinite is derived from an liyuothetical 
anhydrid der Tonerdcnmiokieselsdure, Al(OH).O.SiO.O . . by analogy with 
chromomonoxalic acid. B. Kosmann regarded kaolinite as one member of a 
family of alumimum silicates which he represented Al203.Si02 ; Al203.Si204 ; and 
Al2O3.Si3O0, in which part of the silica may be hydrated. In the case of kaolinite 
he wrote Al20.Si204(0H)4. 

R. Schwarz and A. Brenner studied the action of sodium silicate on soln. of 
aluminium chloride. The precipitates were filtered off, dried in a steam-oven, 
and washed successively with water, alcohol, and etlier. The influence of cone, 
was such that the mol. ratio of silica to aluminium hydroxide diminished with 
increasing dilution, but was always slightly in excess of the proportion, 1*5 : 1, 
thus showing that silica was invariably adsorbed by the primary product, 
2Al203.3Si02. The proportion of silica in the precipitate increased with increasing 
cone, of sodium silicate, althougli the latter never entered (piantitatively into the 
reaction ; when 6-10 mol. proportions of silicic acid were jiresent, a compound 
corresponding in composition with natural kaolinite, Al2O3.2SiO2.2H2O, was in- 
variably produced. Normal aluminium mcUwlkale, Al2{Si03)3, appears 
incapable of existence. The primary product of the action is the compound, 
2Al203.3Si02,wH20, which absorbs silicic i^cid when left in contact with the soln. 
and tends to pass into the compound, AI2O3 2Si02.2H20. If the precijiitate is 
heated in contact with the soln., the substance ALOg 2Si62.2H20 (after desiccation 
at 110°) is obtained. X-radiograms of the products show that the primary com- 
pound, 2Al2O3.3SiO2.6H2O, is amorphous, and that from it there is formed in course 
of time a crystalline material, Al203.2Si02 2H2O, which is similar or closely related 
to natural kaolin in structure. The natural product loses its two molar projiortions 
of water continuously above 360°, and becomes anhydrous at 640°. The artificial 
material loses one molar projiortion below 260°, and the second projiortion between 
360° and 640°. It appears that in the neutral ternary system, Al203-8i02"-Il20, a 
single compound, Al2O3.2SiO2.nH2O, is capable of formation, and it is uninfluenced 
by the presence of an excess of silica, or by the period of the rcaistion ; tins com- 
pound is formed with particular readiness wlnm at least six niols of silica are present 
for each mol of aluminium oxide. 

The hydrated aluminium silicates resembling kaolinite behave very like acids 
in many reactions, for, as P. A. Schemjatscliensky snowed, the hydrogen is 
partly or wholly replaceable by a metal. Again, when fused with alkali carbonates, 
kaolinite displaces carbonic anhydride, and probably forms aluminosilicates soluble 
in a large excess of water. Kaolinite gives off hydrogen sulphide when heated with 
many sulphides ; it displaces sulphuric anhydride from sulphates ; and A. Uorgeu 
showed that it reacts in a similar manner with chlorides, bromides, and iodides. 
Z. Weyberg found that by the prolonged fusion of a mixture of kaolinite, 
and potassium carbonate or chloride, the silicate K20.Al203.2Si02 is formed ; 
and with potassium dichromate at a low temp., K20.Al203.2Si02 is produced, but 
at a high temp. K2O.Al2O3.8iO2 is formed. Ho also found that when fused with 
barium or strontium chloride a product 4R0.4Al203.78i02 is formed. The work 
of J. Lemberg, H. P. Armsby, E. 0. Sullivan, etc., shows that the salts of aliimino- 
silicic acids re^semble the salts of the ordiiig,ry acids in that the bases can be inter- 
changed in accord with the laws of mjfes actioft— luide zeolites. 

If china clay, free from soluble salts, be boiled with distilled water and allowed 
to stand 24 hrs., extremely fine particles of solid remain in suspension, and pass 
through porous earthenware filters. It is not possible to separate this suspended 
matter by settling ; but it can be sedimented by the addition of lime-water or 
sodium chloride. The addition of the salt causes the fine particles of clay to aggre- 
gate or flocculate into masses which settle rapidly. The finest particles are invisible 
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mder a Mb obiective Tbe suspended matter from china clay can also he isolated 
hfllzSTn a pale brln mm is produced ; that from ba -c ay dark 
browu.^ Like glue, the mass shrinks enormously wlicn dried, and furnishes a 
horny mass which adheres tenaciously to the tongue Ihc gke-hke mass was 
termed by T. Schloosing an/ik collddak, or colloidal clay. When wetted, the 
colloidal clay swells enormously, furnishing a sticky plastic mass. Only about 
0-50 per cent, was obtained from china clay. This amount probably represents 
a small fraction of the colloidal clay which is present. .The colloidal non-crystallme 
particles of clay were termed clayite by J. W. Mcllor. S. Kasai found no colloidal 
matter in the clay from Zettlitz. J. Splichal, and K. 0. Wallace and J . C. Maynard 
determined the colloidal matter m a number of clays ; A. Vasel found 3 per cent, in 


Meissfin clay. * . . e i • • -r i. 

The china clay or kaolin formed by the decomposition of aluminium silicate 
rocks is usually a mixture of amorphous granules of clayite, and crystalline plates, 
termed by S. W. Johnson and J. M. Blake, 43 kaolinite. d. G. Ehrenberg, A. Knop, 
A. Safarik, W. Cross and W. F. Hillebrand, and R. C. Hills regarded the crystals 
as hexagonal or rhombic \ and H. Reuseh, as triclinic , but A. B, Dick, and 
H. A. Miers proved that they belong to the monoelinic system, and this was con- 
firmed by E. flussak. Kaolinite occurs, in minute hexagonal plates, Fig. 109, 
with edges at 60^ and 120". 11. A. Miers, and A. B. Dick gave for the axial ratios 



Fio. 109.- Crystals of Kaolinite Fio. 110. — Vormiculite.s or 

from Amlwcli {Anglesey) .<50. Jiouleaux in Clay. 


a : h : C--0 57-18 : 1 : 15997 ; and jS- 83" 11'. In Fig. 109, 6(010), c(OOl), w{110) ; 
and 6 ; in -00" 10' ; c ; m- 84" 10'. The thinnest platf's are at most 0 000002 mm. 
m thickness. • 

Well-formed crystals of kaolinite are not common ; they are regarded as a 
minm-alogical curiosity. Pockets or veins have been found at Milverton, Colorado ; 
Oortli-yr-liwch, near Amlwch, Wales ; Bolton Abbey, Yorkshire; Conglcton Edge, 
Cheshire ; Newcastle-on-Tyne ; Glamorganshire ; Diendorf, Bavaria ; Ziesigwald, 
(iliemnitz ; Schlan, Bohemia ; Altenbeig, Saxony ; Tuolomne, California ; Mount 
Savage, Maiyland ; Bradon, Vermont ; Richmond, Virginia ; Perth Amboy, New 
Jersey ; Reading, Chester ; Tamaqua, and Pottsville, Pennsylvania ; etc. The 
crystals may occur in aggregates of plates piled one above the other so that by 
screwing the cover-glass under slight press., it is possible to spread out the plates 
much as if a pack of cards were spread out fan-wise by pressing and screwing with 
the thumb at the other end. Curious ^ormicular — Dermis, a worm — aggregates or 
rouleaux of plates. Fig. 109, have bden fountl in many clays.44 A. B. Dick 46 found 
that the chlorite-like form of kaolinite has the ^ame refractive index and behaviour 
when heated as kaolinite ; and the optical character is negative like that of nacrite. 
The X-radiogramS have been examined by G. Shearer, and F. Rinne. The cleavage 
of kaolinite is perfect and parallel to the face c(OOl). Some of the larger grains 
—0 0005 mm. in diameter— of china clay give with polarized light pale bluish-white 
gleams of light, but particles less than 0*0001 mm. do not show polarization effects. 
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The index of retraction of kaolinite is 1*563, very near to that of Canada balsam ; 
A. B. Dick gave 1*56-1*57 ; W. T. Schaller and JR. K. Bailey, and E. T. Wherry 
and G. V. Brown, and E. S. Larsen gave a=l*561, j8=l*565, and y:=l *567. The 
double refraction is low, approximately 0*008. Both the index of refraction and 
double refraction of kaolinite are very close to those of mica, so that the one mineral 
is frequently mistaken for the other, but, as A. Michel-L6vy and A. Lacroix pointed 
out, the refractive index and birefringence of kaolinite are less than those of mica 
or talc. A. Johnson gave 2£— 1*563 for the optic axial angle. H. Zochcr found 
that suspensions of clay in water are birefringent. 

Varieties from different localities have received different names — nacrite, ami 
pliolerito. The term nacritc — from nocrc, mother-of-pearl — was applied by 
A. Brongniart ^6 to a mineral which resembled lepidolite in. composition, but differed 
in its extreme unctuousness ; later on A. Breithaupt employed the term for what 
appeared to be “ an earthy talc ” which occurred in snow-white or yellowish, 
six-sided plates aggregated in fan-shaped or reniform masses of sp. gr. 2* 63. The 
pearly lustre sometimes approaches that of adamantine. The plates are flexible 
and non-elastic, with a soft soapy feel. The pearly lustre appears to bo due to 
strata of air included between the separate crystalline plates forming a crystalline 
mass. The lustre can bo seen under the microscope by oblique reHeet('d light. 
Analyses of the mineral correspond closely with those of kaolinite. According to 
F. Sandberger, the mineral can be decomposed by hydrochloric acid. The sp. gr., 
hardness, and refractive index also approach the values for kaolinite. According 
to A. B. Dick, the crystals of nacrite are optically negative, those of kaolinite 
positive. Summarizing these results : 

Kaolinitic minorals y I optically positive. . . . Kaolinite. 

( Non-ciystallirio or colloidal .... (Haijite. 

A. Breithaupt also claimed that the mineral “ with white p(3arl-lik(5 scales ; soft 
and friable to the touch ; with the property of sticking to the tongue when wetted ; 
and of forming a plastic mass with water ” which J. Guilhunin called pholeiite 
— from ^oAW, a scale— was id(;nti(‘-al with nacrite. A. Ledoux studied tluj pholerite 
and nacrite from St. Vincent. Bholerite was formerly regarded as a distinct 
mineral S})ccie8 with analyses in agreement with 2x\1.20;j.38i02AH20 ; and, accord- 
ingly, H. A. Wheeler assumed that tho.Jlint clays of Missouri an; variable mixtures of 
kaolinite and ])holerite. Analyses by S. W. Johnson and J. M. Blake, with samples 
likely to be freest from impurities, correspond with those bf kaolinite. On similar 
grounds, T. S. Hunt suggested that jiholerite is an impure variety of kaolinite. 
0. Koch called an inifuire variety of kaolinite from Ancud, Island of (iliiloe, nmtdite. 
F, Wohler described a similar jiroduct occurring at Scdmeckstein “in shining 
laminae which when magnified 200 times appeared as transparent rhomboidal 
plates. The mass had an earthy fracture, and became lustrous when rubbed. 
The sp. gr. was 2*6.” S. W. Johnson and J. M. Blake considered this substance to 
be kaolinite. The white claystone at Chemnitz was thought by A. Knop to bo 
pholerite ; it consists of aggregates of scaly crystals. 

The “ clay ” of ordinary china clay is a mixture of particles of clayite and 
kaolinite ; and, with respect to the gliin-size of the particles, J. Stark found 
that the particles of Zettlitz china clay had a mean diameter of 4*8/i, and those of 
a more plastic clay, 3 Qfi. The former clay contained 32 per cent, of coarser particles 
11 /X 49 ft, and the latter 21 per cent. rai*ging from 9/x to 40/x. Both clays cf)ntained 
some very fine particles— suspensoids. There were approximately 0*6x109 
particles per gram of the Zettlitz clay, and 15*8x10® particles per gram of the 
plastic clay. A. B. Dick found the hardness of kaolinite to be 2*0-2'5 on Moh’s 
scale ; and the specific gravity 2 *60-2 *63. The reported values for the sp. gr. of china 
clay range from 2*2-2*6. The former number is too low — due probably to the 
presence of entangled air bubbles, and possibly to the presence of hydrogels. 
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The Bp, gr. alters when the clay is calcined, the magnitude of the change depends 
on the temp, of calcination. Jf. Laurent found the sp. gr. increased from 2'47 
(dried at 100°) to a maximum 2’70 after calcination at rouge somdre— perhaps 500° ; 
and then dropped to 2*64 at rouge n/— perhaps 800° ; and finally to 2*48 at the 
temp, de essais de fer. The clay must have been rather impure, and fluxing must 
have occurred, because J. W. Mellor and A. D. Holdcroft found that the sp. gr. of 
china clay and of alumina behave in quite the opposite way. For instance, the 
sp. gr. of alumina and china clay calcined at different temp, are : 

110» 600* 700* 800“ 900* 1200* 

China clay . . 2 615 2*473 2’489 2*497 2*660 2*734 

Alumina ... — 2*824 2*828 3*394 3*626 3*914 

Ct. H. Brown and E. T. Montgomery working up to 700° obtained analogous results 
with a number of different clays. The apparent volume of clay, corresponding with 
the contraction which occurs when clays are heated, was measured by J. Burton, 

P. Braesco, R. Wallach, J. M. Knote, H. Hecht, R. Lucas, E. Berdel, etc. The 
results show that a slight contraction occurs up to about 300° ; and an increase 
in tlie volume occurs between 450° and 500°, which attains a maximum between 
550°-b00°. Above this temp., contraction sets in. Thus, E. Berdel found with a 
4 hrs.’ heating of china clay slabs at the indicated temp., the percentage linear 
contraction— fire-shrinkage, qt fire-contraction ™and porosity are: 



970 * 

1150 * 

1170 * 

1190 * 

1230 * 

1200* 

Contraction . 

. 2*1 

2*4 

3*1 

4*2 

8*2 

9*6 

Porosity 

. 41*6 

41*9 

42*1 

31*6 

26*3 

20*8 


The actual results vary with different clays ; with different methods of making 
the slabs ; with the rate of rise of temp. ; and with the time of firing. The pyro- 
meter of J. "Wedgwood in 1782 was based on the definite contraction of clay bits 
when heated to definite temp, under constant conditions. There have been several 
modifications in the method of measurement, but the fundamental principle is 
extensively employed to-day. 

Wo. Ostwald and F. Piekenbroek found that the viscosities of wet china clay, 
and ordinary clays differ in that the value for the latter increases rapidly to a 
maximum with age and mechanical working, but that of china clay increases slowly. 
The presence of 1 *0 per cept. of quartz in clay, after mechanical treatment, gave a 
higher viscosity than did the untreated clay. The optimum quartz content varies 
with the grain-size. It is inferred that in china clay suspensions, the viscosity is 
determined by the grain-size, and the hydration and swelling of the particles. 

The contraction which occurs when slabs made of wet clays are dried is called the 
drsdng-shrinkage or drying-contraction B. A. Keen, and E. A. Fisher studied the 
drying of wet masses of clay which was conditioned by evaporation from the surface, 
and the movements of water in the cajnllary pores. J. Aron showed that there 
are three stages in the drying : (i) as the water evaporates from the wet clay the 
volume-shrinkage is equal to the volume of water lost. This means that the space 
vacated by the water is taken up by the clay. After a time (ii) air spaces begin to 
appear and the volume-shrinkage is then less than the volume of water, since the 
space vacated by the water is not all reoccupied by the clay. Finally, (iii) the volume- 
contraction virtually ceases although water is still being lost by the clay. The 
shrinkage of the clay is due to the work of capillary attraction by films of water 
surrounding the clay particles. Thes^ results were in the main confirmed by 
W. J. Jackson and E. M. Rich, and C. Bisefhof. The ceramic journals teem with 
observations on these various properties of clay. The tensile strength of slabs 
made with wet clay varies with the amount of moisture present, and on drying, 
W. Jackson and E. M. Rich found that the tensile strength slowly increases to a 
maximum of about 3 kgrms. per sq. cm. when about 20 per cent, of water is present. 
The clay is then “ white-hard,” or “ leather-hard.” The subsequent evaporation 
of the water lowers the tensile strength to a minimum value of about 1 *5 kgrms. per 
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8q. era. with about 1-2 per cent, of water. The tensile strength then rapidly 
increases until the clay is quite dry and reaches p kgrms. per sq. cm. K. Orton 
found that the tensile strength of clay admixed with a given proportion of sand 
increases as the grain-size of the non-plastic material decreases. A. V. Bleininger 
gave for the tensile strength, the transverse modulus of rupture and the compressive 
strength in pounds per square inch : 


4 

Tenaile 

strength. 

Transverse 

moiinlus. 

Corapresslv 

strength, 

English ball clay * . 

. 210 

558 

1148 

English cliina clay 

41 

08 

228 

Americtm ball clay 

. 125 

380 

035 

Florida china clay 

. 104 

239 

539 

Georgia china clay 

. 147 

32.5 

455 

North Carolina china clay . 

. 09 

100 

349 


W. Schumacher so gave for the specific heat of dried clay, 0 1781 ; 11. riatter, 
0-2231 if dried at 100°, and 0 3063 if air-dried ; V. C. Lang, 0-233 ; and K. Ulrich, 
0-2243 between 20° and 98°. J. M. Knote gave for raw clay between 22° and 150°, 
0-237 , for clay previously heated to 650°, 0-204 ; and for clay previously In'ated to 
1050°,* 0-200. C. F. Howe and C. B. Harrington gave for bricks made- from clay 
0-196+00533<9 between 0° and 1100°; S. T. Wilson and co-workers, 
0-193-f0-00006^ between 0° and 13(X)° : and L. Bradshaw and W. Kmery, 
0-193-1-0-000075^ between 0° and 1400°. Observations were also made l>y K. Hcyn 
and co-workers, M. Kinoshita, A. Bigot, W. Steger, Y. Tadokoro, ,1. K. Moore, 
L Navias, etc. L. Navias found that the heat absorbed per gram per degree on 
heating air-dried clays from 25°-I2()0° is 0-50-0-55 cal. per gram per degree, 
whereas the heat evolved on cooling the final product is 0-23-0-29 per gram per 
degree The former includes the latent heat of evaporation of the water adsorbed 
by air-dried clays, the combined water, etc. The thennal conductivity of clay 
is small. A number of determinations have been made on bricks made from clays. 
The results therefore represent the conductivity of the fired clay plus })ore-8pac(‘8. 
0. S. Buckner found 0*001 69-4) -00251 in standard units, and S. Wologdme O-TOf) 
at 1050° to 0-0042 at 1300° for the coeff. for different fired fireclays. J. W. Uold) 
and co-workers gave for the thermal conductivity A at 0 , K -O 00155-1-0 OsiSp. 
The literature has been summarized by V. Gilard, and A. T. Green. Observations 
on commercial firebricks were made by H. A. Wheeler, G. H. Brown, A. 8. Watts 
and K. M. King, A. T. Green, B. A. Homing, J. W. Cobb and co-workers 
koro, K. Heyn and co-workers, P. Goerens and J. W. Gilles, B. Dudley, S. M. Mar- 
shall* S Wologdine, J. D. Pennock, M. Simonls, F. Tschaplowitz, P. Rosin, and 
J K* ciement and W. L. Egy. The porosity of the sample tested is an important 
factor As predicted in 1914 by J. W. Mellor, A. T. Green found that while a high 
porosity is unfavourable to thermal conductivity below red heat, there is an 
inversion near 1100°, so that at higher temp, a high porosity enhances the thermal 
conductivity. The coeff, of thermal expansion of bricks ^ade from clays have 
been measured, and the results have been summarized by J. W. Mellor. H. Kohl 
gave 0-0fi419 for the mean linear coeff. at 1150° ; 0*06520 at 1250° of a china clay, 
Ld for a plastic clay, 0*06729 at 1000° to 0-041079 at 12.50°. Recalculating the 
results of H. J. Hodsman and J. W. Cobb for the coefficient of thermal expansion 
of china clay at different temp. 


Coeff. expansion 


195* *v 4r)0’ 700” 900* 

0-0,671 0-ff,496 0-0,477 00,409 


In one case there is an increase with rise of temp, and in the other a decrease. The 
results must be greatly influenced by the presence of quartz. G. Tainmann and 
H. Diekmann found that when dry clay is warmed to 48 , superimposed mercury 
begiM to p^^hrou^^e 
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cl&y. H. A. Seger showed thst the curve for the softening temp, of mixtures of 
clay and quartz has the U-fortn with a minimum at about J650® and a ratio 

Al203:8i02-=1:16; L. 
Bradshaw and W. Emery 
confirmed these results. The 
results with mixtures of com- 
mercial fireclay and silica are 
showTi in Fig. 111. See 
^also aluminium silicates, 
Fig. 108. The effect is 
greater with fine-grained 
than it is with coarse-grained 
silica. J. W. Mellor and 
B. J. Moore found that the 
effect of load is to depress 
the softening temp, in accord 
with the expression : Squat- 
ting temp. =356' 

whore w represents the load 
in lbs. per sq. in. for loads up to 112 lbs. per sq. in., when the softening temp, 
arc expressed in terms of Seger’s cones. This corresponds with a depression of 
one cone per 5J lbs. per sq. in. press. With mixtures of silica, the difference between 
the softdtiing temp, is less marked the*higher the proportion of silica. This result 
was confirmed by L. Bj'adshaw and W. Emery. L. Bertrand studied the effect of 
the proportion of alumina in natural clays on the softening temp. H. Hirsch and 
M. Pulfrich examined the behaviour of a large number of clays when heated under 
load. E. L. Dupuy found the resistance to crushing on a rising temp, at first 
decreased, then rapidly increased to a maximum at about 1()0()°, being then some- 
times double or triple the value at atm. temp., at still higher temp., the strength 
ra])idly diminislied until fusion was complete. A felspathic china clay exhibited 
two maxima, the secoml being near 14()(/. Many other observations have been 
reported. 

The action of heat, etc., on various mixtures of clay and silica or qitarlz has been 
discussed by M. Simonis,*’- E. Berdel, F. Kraze, K. Lucas, S. L. Galpin, etc. An 
indefinitely largo number of observations have been reiiorted in the ceramic 


20 30 iO 30 60 70 80 30 tOO 
Per cent, silica material 

Fm. 1 1 The Fffeot of Silica on the Softening Tempera- 
ture of Fireclay. 



Flo. 112.— The ElTcct of Fio. 113.— The Effect of Fio. 114.— The Effect of Fer- 
Alkalino Earths. BqrylWa anjl Magnesia, rous and Manganous Oxides. 


journals. The effect of heat on mixtures of clay with felspar, and mica is discussed 
in connection with these minerals. The effect of MMum oxides on the fusibility, 
etc., of clay was investigated by R. Rieke ; of potassium and sodium oxides, by 
R. Rieke, and G. Flach ; of calcium oxide, by G. Flach, and R. Rieke, Fig. 112 
vide infra, cements ; of strontia, and of baryta, by G. Flach, and R. Rieke— Fig. 112 ; 
of heryllia, by R. Rieke— Fig. 113 ; of magnesia, by H. Mackler, A. F. Hottinger, 
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L. E. Barringer, G. Flach, and R. Rieke— Fig. 113; of tron oxide, by R. Rieke, 
and J. W. Mellor— Fig. 114; of rmngaime oxide, by R. Rieke-'-Fig. 114; of 
chromic oxide, by K. Dornbecker, and S. Sandlund ; of uranium oxide, by 0 . Kal- 
launer and J. Hruda ; and of zirconia, by R. Rieke. The effect of titanic oxide 
on the fusibility of clay was shown by H. A. Seger and R. Cramer to be greater 
than is the case with silica. The subject was investigated by H. Kies, C. Bryce, 
and R. Rieke. The l&tter showed the fusibility with the following percentage 
amounts of titanic oxide watl : 

TiO, .0 10 20 30 60 70 80 90 100 

Temp. . 1770° 1670° 1680° 1530° 1526° 1630° 1565° 1580° 1610° 

G. Tammann studied the effect of alkaline earths on cla^. E. Richter examined 
the influence of different fluxes on the fusibility of clay, and concluded with what 
has been called Richter’s law : Chemically equivalent quantities of fmiynesia, lime, 
ferrous oxide, soda, and 'potash exert the same injluence in loweriny the fusibility of a 
clay. The subject was discussed by C. Bischof, and it was found that at high temp, 
silica itself acts as a flux with clay, and should not be present in excess ; the 
presence of an excess of silica abo intensifies the effect of other fluxes. E. Cramer 
abo found that the fluxes do not act according to E. Richter’s law in the presence 
of free silica. T. Ludwig inferred that E. Richter’s rule is a special case of the bw 
of dil. soln. ; Equimolar quantities of different substances dissolved in equal amounts 
of the same solvents, lower the m.p. to the sama extent. R. Rieke tested the pie with 
additions of baryta, beryllia, magnesia, ferrous oxide, and manganous oxide to 
a mol of china clay, AI 2 O 3 . 28100 . 2 H 2 O, with a softening temp, of about 171)0'’. 
Using 0*25 mol of the base, the corresponding softening temp, were : 

LJ,0 NojO KgO CftO SrO BaO BeO MgO FcO MnO 

1380° 1620° 1530° 1690° 1720° 1730° 1660° 1700° 1660° 1670° 

With 0‘25 mol Ti 02 and 0*25 mol Zr 02 the softening temp, were respectively 1700° 
and 1690°. The results with still higher proportions of lime, strontia, and baryta 
showed that the oxide with the lowest mol. wt. lowered the m.p. most. Similarly 
with the alkali family. The effect with beryllia is less than with magnesia ; and 
with ferrous oxide less than with manganous oxide. The atm. of the furnace was 
strongly reducing, and it was assumed that the last two oxides were in the lower 
state of oxidation. The general results show that the alleged law is inapplicable 
and the analogy with dil, soln. is invalid. A. S. Watts abo made some observations 
on this subject. 

Several observers— J. Burton,^^ F. W. Cltfrke, H. C. McNeil, J. M. Knoto, 
H. E. Ashley, etc.— have attempted to find a dehydration temperature. E. Love- 
joy said the dehydration temp, b near 630° ; A. E. Brown gave 505“, and 
W. M. Kennedy, 475°, while A. B. Dick observed no loss of water with crystals of 
kaolinite at 275® or at 400®, and W. H. Hillebrand none at 330®. W. Vernadsky, 
and F. Hundeshagen affirmed that dehydration takes place in two stages : one half 
the water is said to be evolved at one temp, and the other half at a higher temp. 
Hence, J. M. van Bemmdlen, and 8. J. Thugutt inferred that one half the water is 
Si-hydroxyl, and the other half Al-hydroxyl, and they wrote the formula 
H2Al2Si208.H20. E. Lowenstoin considered that 0*6 mol is driven off at the lower 
temp, and 1*5 mol at the higher temp., and he wrote the formula 2 Al 203 . 4 Si 02 . 
3H20+Aq. There is, however, no satbfacWtfy evidence of the evolution of water 
in two stages. J. W. Mellor and A. D. rfoldcroft found that above 3(X)®, the evolu- 
tion of water b a continuous process, and that the rate which the water is expelled 
rises with the temp. Thus, the percentage losses were : 




300® 

400* 

426® 

450® 

500® 

6.%® 

000® 

China clay | 

[Vacuum 

. 0-24 

0*89 

1*43 

3*38 

8*48 

— 

— 

[Atm. press. 

. 0-26 

0*67 

0-68 

0-80 

1*19 

__ 

11*92 

Kaolinite | 
VOL. VI. 

[Vacuum 

. 1*66 

1*70 

1*80 

272 

4*96 

8*20 

11*68 

[Atm. press. 

. 1-82 

1*91 

— 

— 

2*41 

6*00 

2l 

10*08 
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The 13-14 per cent, of comjbined water is rapidly given off as the temp, rises 
beyond 500° under ordinary atm. press., although most is given off below this 
temp, under reduced press. It requires a high temp, to expel the last traces of 
water. The decomposition of the mineral which is attended by the evolution of 
water is an endothermal reaction and produces a terrace in the heating curve. 
D. Tschernobceff, and J. W. Mellor and A. D. Holdcroft’s rough estimates of the 
heat of dehydration range from 11-28 Cals, per mol, and D. Tschernobceff ’s estimate 
of the heat of formation of kaolinite is (Al203,2Si02,2H20)=43’8 Cals., but these 
data are of little value. E. Lowenstein measured the vapour pressure of a number 
of clays at ordinary temp., and J. W. Mellor and co-workers found that with a 
partial press, of water-viip., p mm., when confined over sulphuric acid, the loss in 
weight for crystals of kaolinite, china clay, ball clay, and halloysitc was at 25° : 


v 


. 180 

13-6 

8*8 

4-3 

1-8 

0-0 

0*0 min. 

Kaolinite . 


. 000 

0-08 

012 

018 

0-24 

0-38 

0*40 

China clay . 


. 001 

0*00 

013 

010 

023 

0-30 

0-60 

Ball clay 


. 008 

0-24 

1G3 

231 

2-44 

3-29 

3-54 

Hallo>Hite . 


. 0-00 

0-44 

1«7 

1-90 

3-20 

3 02 

403 


The water is restored when the clay is exposed to a moist atm. L. Navias measured 
the velocity at which clays give off their combined water, and he suggested that the 
evolution of water is rapid at 745°, and the speed falls in a decisive manner, while 
the ter^p. rises 2(J0°-300° more. Only clays containing organic matter develop an 
appreciable press, between 900^ and 1200° in air. V. Agafonoff and W. Vernadsky 
raised the objection that the product obtained by dehydrating clay below 550° is 
homogeneous, because it cannot be separated into parts by separating liquids, and 
it appears homogeneous under the microscope. Neither test is at all an adequate 
proof of the conclusion. W. T. Schaller and R. K. Bailey described hexagonal 
plates of a kaolinite from Oklahoma whicL, unlike ordinary kaolinite, intumesced 
strongly when heattid. 

H. le Chatelier observed a retardation in the heating curve of crystalline kaolinite 
ending at 770°, and a slight acceleration at 1050° ; he also found a marked retarda- 
tion with halloysite ending at 700°, and a sudden accehiration at 1000°. As a 
matter of fact, the actual temp, observed under these conditions depends on the 
rate of rise of temp., the physical state of the j)owdercd material, etc. It is also 
possible that the alleged halloysite was really colloidal clayite, since J. W. Mellor’s 
obst'rvations show mr marked retardation with halloysite at the above temp. 
J. W. Mellor and A. 1). Holdcroft found that china clay and crystalline kaolinite 
give a terrace in the heating CUTV^ just over 500°, and a hump in the curves between 
800° and 1000° ; china clay, like the colloidal aluminosilicates gives a terrace at 
about 150°, indicating that it contains clayite as well as crystals of kaolinite (shown 
by the microscope). The hydrogels of silica and alumina also give a terrace just 
over 100°, and alumina gives a hump at 800°-1000°. The curves are illustrated in 
Figs. 119, 120, and 122. Endothermal reactions are represented by terraces ; 
exothermal reactions by humps. There is a remarkable likeness in the 800°-1000° 
hump in the heating curves of the hydrated aluminium silicates in conformity with 
the suspicion that all are due to one cause — the polymerization of alumina. It is 
inferred from the chemical and physical properties of dehydrated kaolinite or 
clayite that it is decomposed into free silica and free alumina above 500°, and the 
uniformity in the hump between 800^ and 1000° with all these minerals corresponds 
with the inference that a mixture of silica and alumina is involved. Confirmatory 
results were obtained by R. Rieke, G. Keppeler, R. Wohlin, C. E. Moore, 
H. S. Houldsworth and J. W. Cobb, R. Wallace, A. M. Sokoloff, G. Tammann and 
W. Pape, A. Zollner, J . V. Samoiloff, and S. Satoh. At higher temp., in the vicinity 
of 1200°, cristobalito, and sillimanite crystals are formed— presumably by the re- 
combination of silica and alumina. If the clay breaks down into water and a 
dkilicate, Al208.2Si02, it is necessary to assume that this compound has properties 
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parallel with those of alumina, and that it breaks down at higher temp, into 
sillimanite (fibriolite) and silica (criatobalite). W. Vernadsky calls this residue 
leverrierite, and invests it with all the properties required to explain the assumption 
that the final products of the reaction are Al5,03.2Si024-2H20. 0. llebullat 
supports this hypothesis. The above-mentioned observations on the vap. press., 
coupled with the low temperature dehydration of clays in vacuo, probably mean 
that the clay loses its Water before breaking down into free silica, and alumina 
(possibly sillimanite). J. Matejka went further than G. Tammaiin and assumed 
that several aluminium silicates are formed ; he also used the break on the heating 
curve as a means of detecting kaolinite in soils. A. V. Henry found the electrical 
resistance, R ohms per c.c., of china clay--vh/c infra, ppttery— with a lb-volt, 
1000-cycle alternating current, to be 

300* 600* 700* '.too* 1100* 1300* 1500* 

. . . 133x10® 269X10* 302x10* 7440 2350 1060 6«l 

Clays in suspension in water are rapidly flocculated and made to settle by 
carbon dioxide, hydrochloric acid, many ammonium salts, tlui suliihates and 
chlorides of the alkalies and alkaline earths, ferrous and ferric sulphates, zinc 
chloride, etc. On the contrary, humic matters, sodium carbonate, watcT-glass, 
sodium and potassium phosphate, borax, potassium or ammonium o.valat(t, etc., 
have the converse effect, for they deflocculate clays and retard their settling. 
This subject has been discussed by W. Durham, and many others. The obser- 
vations of J, Murray and R. Irvine show that the clay matters carried by 
rivers to the sea are quickly deposited on reaching salt water, and only a small 
fraction is carried to deep waters. 0. M. Smith found that salts containing 
bivalent ions aided the flocculation of clay suspensions by alum, but that it was 
hindered by sodium hydroxide or carbonate. N. M. Comber showed that clay 
suspensions were flocculated moat readily in an alkaline medium, but that the 
degree of alkalinity above that of 0'005iV-NH40H had no effect ; he also deter- 
mined the relative flocculating powers of different electrolytes by observing the 
rate of settling of the coagulum formed by a decided excess of the electrolyte. 
Observations by 0. Arrhenius, E. F. Burton, etc., show that the addition of certain 
electrolytes in excess of the minimum requinnl for flocculation yields a coagulum 
that settles much more slowly than that obtained when just enough is added to 
bring the colloid to its iso-electric point. R. Bradfield found that with an amount 
of potassium hydrophosphate just below that required to»cause flocculation, the 
addition of a larger amount of other electrolytes is required to cause coagula- 
tion than is the case with the untreated clay. Tne jjrotectivc action may be due to 
an absorption of negative phosphate ions and hydroxyl ions by the negative (;lay 
particles, thus increasing the negative charge, and consequently also tfu; amount 
of positive ions required to bring it to the iso-electric point. The protective action 
may also be due to the higher cone, of the potassium hydrophosphate required for 
flocculation when used alone might be due to its weakly basic reaction, larger 
quantities being required to bring the colloid to its critical value than is the case 
with a strong base like potassium hydroxide. M. A. Rakuzin and A. N. Nesmejanoff 
found that mercuric chloride is not adsorbed by china clay. R. Bradfield measured 
the effect of the acidity of a soln. on the flocculation of clay in suspension, and 
found that hydrochloric, sulphuric, phosphoric, and acetic acids flocculate the 
clay at about the same H*-ion cone., but^a gf«at{jr acidity is needed with citric acid. 
Flocculation involves a decrease in the electric charge ; peptization an increase. 
The acidity or hydrogen ion cone, of clays was found by F. P. Hall to range from 
10~3-i to 10"^ 2W, when results with clays containing appreciable quantities of 
soluble salts are rejected. The iso-electric point with clays corresponds with a 
hydrogen ion cone, of 10“2'7 to The maximum electric charge acquired 

in the presence of soluble salts represents maximum deflocculation ; and the 
maximum rate of settling takes place at the iso-electric point. R. Schwarz 
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said that ddcculation occurs ^only when tie acidity is eq. to an hydrogen ion 
cone, of to This subject has been discussed by S. E. Mattson 

A. Fodor and B. Scionfeld, and F. P. Hall also studied tie effect of acids on 
clays. 

The hygroscopicity of china cky—-t.e, the property for absorbing moisture from 
humid air— is greater if it has been pre-heated to between 500° and 800°, than if 
the raw clay be used, and, like alumina, it loses this property if it has been calcined 
over 8 (X)°. L. Gurvich measured the heat of wetting clay, and he found that 
oxygen compounds have a greater heat of wetting and are more adsorbed by 
adsorbents containing oxygen— or they are oxyphilous, while hydrocarbons are 
more attracted by charcoal and are carhophilous. With increasing mol. wt. in 
a series, the oxyphilous effect decreases to a minimum, and increases again 
with increasing mol. wt.— charcoal. E. Reichardt and E. Blumtritt found 
that 100 grms. of dry and moist clay respectively absorbed 33 and 29 c.c. of gas 
from the atm., and the gas contained respectively 65 and 60 per cent, nitrogen ; 

21 and 6 per cent, oxygen ; and 14 and 34 per cent, carbon dioxide. • A. von 
Dobeneck sliowed that 100 grms. of china clay absorbed 0 023 grm. of carbon 
dioxide at 0 °, and practically the same amount at 10 °, 20 °, and 30°. In 1825, 

M. Faraday noted that china clay which has been heated to redness and exposed to 
the air for a week, absorbs, during that time, much ammonia from the air. B. von 
Ammon observed that china clay at 20 ° absorbed 0*42 per cent, of its dry weight 
of ammonia, and he, and A. von Dobeneck found the amount absorbed is less the 
higher the temp, above zero. R. E. Wilson and T. Fuwa found that with 

Humidity of air . . . 15 30 50 70 90 per cent. 

Moisture in clay . . . 0 30 O'OO 0’92 J 06 1’27 „ 

According to W. Suida, china clay absorbs the colouring matter from aq. soln. of 
acid and basic aniline dyes. E. Dittler and C. Doclter observed that an alcoholic 
soln. of fuchsine does not dye kaolin. 2*5 grms. of a kaolinized granite containing 
about 70 per cent, of china clay absorbed 0*0176 grm. malachite-green, 0 0211 acid 
fuchsine, and 0*0211-0*0218 grm. of methylene blue from a litre of the soln. 
containing half a gram of the dye, and H. E. Ashley proposed to estimate the 
plasticity of clays by measuring the amount of malachite-green adsorbed by a given 
quantity of clay from a standard soln. of the dye. The adsorption of salts from 
their aq. soln. has been studied by F. Rautenberg, E. C. Sullivan, M. Rakuzin, 

S. Wosnessensky, H. Hirsch, T. 0. G. WW, G. Moresst^e, A. S. Cushman, E. Kohler, 

J. M. van Bemmelen, A. Fodor and B. Schonfeld, K. Kobayashi, T. Okazawa, 

A. Bencko, H. Kohl, R. Bradfield, and others. E. Kohler, and E. C. Sullivan 
showed that when an aq. soln. of copper sulphate or lead nitrate is filtered through 
china clay, the basic constituent is largely retained by the clay. Neutral soln. of 
sodium chloride or sulphate, or of magnesium sulphate or chloride, give a filtrate 
which is distinctly acid. The acidity is thought to be partly due to the exchange 
of the bases for the aluminium (and iron) of the clay ; and partly to the greater speed 
of the acid component when the salt is hydrolyzed, MgS 04 -f 2 H 20 =Mg( 0 H )2 
-I-H 2 SO 4 . E. C. Sullivan studied the action of cupric sulphate and silver sulphate 
soln. on clay, P. Rohland described a clay which was permeable to crystalloids — 
e.g, sodium chloride, barium chloride, cupric sulphate, potassium dichromate, etc. 

— and impermeable to colloids — e.g. ferric hydroxide, silicic acid, dissolved starch, 
etc. S. I^agergren found that china day, dried at 160°, increased the cone, of soln. 
of chlorides and bromides— in some cases as much as one per cent. The results 
require confirmation. H. Udluft showed that clay adsorbs ferric oxide and 
manganese dioxide from the colloidal sol ; both the clay and manganese dioxide 
sols are negatively charged. 

J. Lemberg’s observations showed that sodium silicates or aluminosilicates 
are less stable in aq. soln. than the corresponding potassium salts. The replace- 
ment of potassium by sodium in the silicates does not proceed nearly so readily 
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as the reverse reaction. He also noted that the displacement of magnesium by 
calcium is more difficult than the reverse change. Q G. C. Bischof, and J. Lemberg 
suggested that the need of plant life for potassium rather than sodium may bo 
due to the fact that the potassium salts are held more tenaciously by soils 
than those from sodium salts ; and accordingly the plant finding more potassium 
than sodium available in the soils, has developed the habit of assimilating potassium 
rather than sodium. Apin, the reason sodium salts accumulate in the ocean has 
been explained by showing that the potassium salts are retained more tenaciously 
by the soil while the sodium Salts are washed into the rivers and seas. 

J. M. van Bemmelen found that 100 grins, of china clay adsorbed 2 '3 eq. of 
potassium chloride from 250 c.c. of a soln. containing 10 eq. of the salt ; and 
H. Hirsch, that 100 grms. of clay adsorbed w grms. of barium chloride from a litre 
of soln. containing C grms. of salt : 

0 . 0*1 05 1 0 30 50 10-0 150 20 0 25 0 

w . 0096 0-424 0-701 1-087 1-231 1-412 1-527 1 535 1-551 

R. Gallay found that clay with adsorbed bivalent ions is more sensitive to coacula- 
tion than clays with adsorbed univalent ions. The clay with adsorbed bivalent ions 
is more sensitive towards univalent ions than is a clay with adsorbed univalent 
ions towards bivalent ions. This indicates that the bivalent- ion r(‘leased by 
exchange from the clay exerts a coagulating influence ; and that coagulation is 
complementary to adsorption. In 1859, C. Bodeker concluded from his observa- 
tions that the amount of adsorption is propbrtional to the sq. root of the cone. 
T. 0. G. Wolff said that the final, not the initial, cone, of the salt should be 
alone considered in discussing this relation, for a soln. percolating through a colloid 
will give up the solute to the colloid until equilibrium is attained, and it will then 
pass through unchanged. Conversely, a more dil. soln. will abstract salt from the 
colloid until equilibrium is attained. W. Ostwald, and H. Freundlich showed 
that the form of the function connecting adsorption with cone, will be exponential. 
For further work on the relation between adsorption and cone., vide carbon. 

The plasticity Ol clay. — The fictile qualities of a clay are primarily dependent 
on its plasticity. Plasticity is a property of wet clay which enables it to change its 
shape without cracking when it is subjected to a deforming stress. The elasticity 
of the wet clay is negligibly small. Clay is peculiar in possessing another quality 
w^hich is as important as plasticity. It has a high binding power when dried and 
fired, so that the form impressed on the plastic clay is retained more or loss per- 
sistently when the clay is dried and fired. As shown by A. BaumiV’® G. Vogt, 

S. Kasai, E. Bourry, E. Orton, F. F. Grout, A. J^eppla, H. A. Wheeler, etc., very 
fine powders -barium sulphate, glass, quartz, etc.— acquire a kind of plasticity 
when wetted, but when dried, the binding power is exceedingly small. They are 
plastic, but their plasticity cannot be used in the fictile arts because the second 
quality is wanting. Many definitions of plasticity confuse these two distinct 
properties, and assume that the binding power of the dried clay is implied in the 
term plasticity. Indeed, many methods proposed for measuring j)la8ticity are 
based on the binding power of the dried clay— c.^. those of W. Olzschewsky, and 
H. A. Wheeler. It is assumed that the tenacity of the dried clay is proportional 
to the plasticity of the wet clay. This is generally, but not always, true. No 
known property of the dry clay can be used as an infallible index of the plasticity 
of the wet clay, and measurements of plasticity dependent on some property of the 
dried clay can therefore be dismissed, becaush even though they may measure an 
important property of clay, that property is not plasticity. 

It is really difficult to measure the plasticity of clay because the property is 
somewhat complex. In 1844, A. Brongniart recognized its elusive character. 
He said : On a sonvenl parle de celle propriete, on sernhle la connaUre, mais on n’en 
a qu^une vagm id^e. The potter’s thumb under working conditions is one of the 
most sensitive tests at present known, but that is not always decisive. B. Zschokke 
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regarded plasticity as a complex property which could be analyzed into four simpler 
qualities: (i) the deformabiljty ; (ii) the cohesion; (iii) the adhesion; and 
(iv) the viscosity or internal friction of the clay. A. Martens assumed that the 
plasticity, P, is proportional to the toughness, T, of the material, and inversely as 
the modulus of rupture, R, such that ?oc TjR ; and H. Fischer added that the 
plasticity also varies inversely as the elasticity, e, of the material, so that Poc TjeR. 
The subject was discussed by H. Fischer, A. Rejto, F. Kick, H. Tresca, and L. von 
Tetmajcr. In estimating plasticity there is first the interftal friction which can bo 
otherwise represented as the resistance which the claj^ offers to changing its shape ; 
and second, there is the cohesion, i.e. the amount of deformation which the clay 
can suffer without cracking, F. F. Grout worked on these lines ; he assumed that, 
with suitable units, the .product of (1) the resistance the clay offers to deformation, 
Fig. 115 ; and (2) the amount of deformation the clay can suffer without cracking. 
Fig. IIG ; represents the plasticity, Fig. 117. E. C. Bingham regards pla.sticity 
as a complex j)ro])erty involving a definite shearing stress and the viscosity deter- 
mined by measuring the quantity of clay flowing through a capillary tube at various 
press. The subject has also been discussed by F. P. Hall, and A. de Waele. 



Fm. 115. Kolution between Fm. 116 - Relation be- Fkj. 1 17.— Relation be- 
Water C\)ntent and Reaist- tweon ^Vater ('ontent tween Water Content 

anee to Deformation. and the Amount of and Flastieity. 

Deformation.’ 

Ihc jflasticity of a clay varies with the })ro])ortion of water in a curious way. 
As water is progressively added to a dry clay, the plasticity continually increases 
and attains a maximum value. Any further addition of water reduces the plasticity ; 
the clay acquires another quality. The particles no longer have a marked tendency 
to cohere together, rather does the clay become “ sticky,’’ and it adheres to any- 
thing it touches whicli^ water can wet.” In the sticky stage the clay is no longer 
workable. This represents a break in the continuity between plasticity and 
viscosity. As more and more water is added, the clay assumes the form of slip, 
and can tlum be poured like a liquid. J. W. Mellor and A. D. Holdcroft were able 
to restore a small proportion of water to completely dehydrated clay by heating 
it under pressure in steam. It was assumed that the silica and alumina of the 
decomposed clay are hydrated. J. S. Laird and R. F. Geller repeated the experi- 
ment and obtained analogous results. The restored plasticity is of a totally 
different kind to that possessed by the original clay. 

1 fiere are different qualitiaH in plasticity. The deformation pressures of some clays are 
greater than otlicrs. and such clays are said to l)e “ stiff ” or “ strong.” Some strong clays 
oner a Ingh resistance to changing their shape and yet cannot be deformetl very much 
witliout cracking. In other woixls, the clay is “ strong ” and “ short p.j/. London clays. 
I here are other clays which have a low deformation pressure, and can suffer little deforma- 
tion without rupture. They are ‘‘ veaft ” and “ short many siliceous pipe-clays. 

Other ’ fatty ^ clays^ offer a low resistance to change of shape, and yet suffer a comparatively 
large deformation without rupture — e.g. the black ball-clays. 

Plasticity is a mechanical j>roperty, the resultant effect of a deformation and a 
pressure.- The deformability of a clay is probably determined by the distances 
the particles can move without loss of cohesion ; and the deformation pressure 
represents the magnitude of the cohesive or attractive forces as shown by the 
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resistance.offered by cohesion to the movements of the particles under the influoneo 
of an impressed force. The deformability of the clay is then conditioned by the 
size and shapes of the particles ; and the deformation pressure is determined by t he 
magnitude of the cohesion between the clay particles and the water, and by the 
thickness of the water film. 

Until it has been shown that plasticity is a definite function of some other 
quality-salt-absorbing property of H. Hirsch, dye-adsorbing property, viscosity 
of slip, etc. — it cannot be assumed without reservations that measurements of 
these qualities measure plasticity. The claims made on behalf of such indexes 
of plasticity are examples of the logical fallacy circulus in prohando. Take the 
dye-absorbing test. Plasticity is assumed to vary with the amount of colloid in a 
clay ; the amount of colloid in the clay is then assumed to be proportional to the 
amount of dye the clay can absorb from a standard soln. ’ Hence, dye-absorption 
measures plasticity. The viscosity test^used by M. Simonis^J^M. Chateiu't, 
F. P. Hall, R. F. MacMichael, E. van der Bollen, etc., — is another example. 
Some methods which have been proposed for measuring plasticity really measurt^ 
only one of the two components — deformation and pressure— into which plasticity 
has been resolved. For example, L. J. Vicat’s needle test — used by P. Langenbeck ; 
A. Brongniart’s wad-box test— used by C. Bischof, R. Biedcrrnann and 11. Herz- 
feld, E. C. Stover and J. Bindley, etc. ; G. E. Ladd’s tensile test ; P. Joch urn’s 
bending test; and K. Dummler’s spiral test, ultimately measure deformation, not 
pressure ; and they give comparable results under constant conditions for a par- 
ticular type of clay when the pressure is ‘constant, but not necessarily so for 
different types of clay. 

The plasticity of a clay was assumed by G. Keppeler, and others, to bo inversidy 
proportional to the grain-size. H, E. Ashley made this an essential ])art of his 
formula. The observation has been qualitatively recognized for a cou[)le of 
centuries. In 1770, A. Baume attributed the high plasticity of clays to their 
extremely fine state of subdivision, and to their contaiinng some saline matter. 
He said : 

Oil doit attribnor lo liant des argillcH a roxtreme division do leurs parties (pii leu rend 
propres a reteiiir I’eau, et h leur (^tat salin qui lour donno la d’otn^ presqiin diHRolid>1es 

dans I’eaii. Lours inokk’ules sont beaueoup plus dans Ti^tat do division, que eelui (pi’nii 
pourroit procurer a uno pierre quolconque par doH moyoiis in^cnniques. 

A. Bauine’s I'clai salin approaches near to the modern idea of matter in a colloidal 
state. The meaning is clear ; superposed on the plasticity exhibited liy line 
grained powders, clays have a plasticity in virtue of their contained saline or colloidal 
matter. A. Baume’s assumption thus approximates to that made by T. Way, 
T. Schlosing, H. Kaul, F. Forster, E. W. Hilgard, E. Podszus, S. Oden, A. Beneoke, 
E. van der Bellen, W. H. Brewer, A. S. (iushman, R. C. Wallace and J. E. Maynard, 
A. Bigot, G. Kejipeler, P. Rohland, and by H. E. Ashley, that plasticity is ( (mnected 
with the amount of colloidal matter in the chy -rargik colloUlak of T. Hchldsing— 
and inversely as the state of subdivision. If, as appears highly probable, the 
plasticity of clay is proportional to the amount of colloidal matter in the clay, the 
dye-absorption test is probably invalid because there is nothing to show that the 
colloidal matters in different clays have the same absorption power. It is fairly 
certain that the colloidal matter in different clays - say ball clay and china clay - 
is not the same, for this must be largely determined by the nature of the organic 
matters associated with the clay at the tim? of its deposition, or which have been 
afterwards acquired from extraneous sources. ^Neither J. Splichal, nor C. D. B. y 
Escuder found the dye-absorbing test to be a satisfactory method of measuring 
plasticity. Clays have qualities which might be predicted from the known properties 
of matter in the colloidal state. It is therefore assumed that clays contain x per 
cent, of colloidal matter possessing qualities like those possessed by the clay itself. 

The evidence for the statement that plasticity is inversely proportional to grain- 
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size is not to be accepted without reservations. B. Zschokke, and F.»F. Grout 
have both shown that the plasticity of some clays is not always influenced by finer 
grinding, and that the plasticity of other clays may be lessened by fine-grinding. 
This shows that close-packing is also concerned in the action. It follows that closer 
packing is possible with mixed fine and coarse grains than with all fine or all 
coarse grains, and V. Alexiejeff, and P. A. Schemjatschensky have shown that both 
extremely fine-grained and extremely coarse-grained clays are less plastic than 
clays containing mixed fine and coarse grains. Hence, <if grinding makes the 
particles more uniform in size, the clay will become less plastic ; and it is probable 
that, other things being equal, the distribution of grain-sizes which permits the 
closest packing of the particles, will be the most favourable to high plasticity. 

Plasticity per se can be readily explained by the known properties of films of 
water, and theories have been devised which postulate special shapes for the pre- 
dominant particles in the clay ; e.g. H. le Chatelier, R. Bicdermann and H. Herzfeld, 
G. H. Cook, A. Leppla, H. A. Wheeler, R. F. MacMichael, G. Vogt, S. W. Johnson 
and J. M, Blake postulated flattened particles ; J. Aron, and E. Linder, spherical 
particles ; and W. Olzschewsky, spongy particles. There are, however, a number 
of cognate properties possessed by wet clays, which arc of assistance in the clarifica- 
tion of the conce})t of plasticity. For example, the slow development of plasticity 
during the weathering or ageing of clays; the action on clay-slip of alkalies, 
hydrolysablc salts, acids, and certain organic compounds like tannin; the high 
tenacity of dried clays, etc. H. A. Seger emphasized that the increased plasticity 
duo to ageing is accompanied by an increased acidity in the clay. The acidity is 
due to the decomposition of the organic matters in the clay. It does not necessarily 
follow, as E. Rohland supposed, that increasing the acidity— i.e. the cone, of the 
H’-ions— will increase the plasticity of clays. It might be anticipated that the 
bacteria which dccom])ose the organic matters may accelerate the development 
of plasticity by ageing and weathering. E. G. Stover said that the bacillus suU 
phureus is the active agent, but this is not proved. The subject was discussed by 
0. Beck, and F. F. Grout, etc. The facts connected with the action of alkalies, etc., 
on clay-slip have been worked out by many investigations on the sedimentation 
of clay, etc., suspended in water. It has been observed that there are three classes 
of substances concerned in these effects : /. Floccuhinis —Acids, acid salts, lime, 
calcium sulphate, sodium chloride, and most neutral salts cause the fine particles 
in suspension to flocculate or coagulate into groups and settle ; these agents 
also enhance the plasticity of clays. //. DeJioccuUints—A small pro})ortion of 
ammonia, alkali hydroxide, alkali carbonate, borate, silicate, or a salt of other 
weak acids deflocculate, decoagulate, or peptize the clay, causing it to assume a 
more finely divided condition than tii water, and thus to remain in suspension for a 
longer period. These agents also diminish the plasticity of clays. III. An excess 
of the deflocculating agents may produce the converse; effect giving the same result 
as if an acid had been added ; and perhaps also with some flocculants. 

The attractive forces exerted on the molecules at the surface of a liquid are 
smaller than on a molecule in the interior, so that there is a tendency for the 
surface raols, to move inwards. The general result is that the surface tends to 
contract so as to leave the smallest number of molecules on the surface. K. Fuchs, 


M. "Whitney, and W. J. A. Bliss have pointed out that with fine-grained particles 
of a solid suspended in a liquid, when the surface attraction of the liquid for the 
liquid predominates over that of the da'^ lot tho 

hocc\ilaDt8 of the first class. When the surface attraction 
of the clay for the liquid predominates over that of liquid for liquid, the shell oi 
liquid about the cl ay will enlarge, and the grains of clay will bo kept apart and 

typical of dil. soln. of the alkalies, and other 
show8 tliAf fh ■ ^ ®^^ond class. The behaviour of substances in the third class 
ere is a critical concentration below which the surface attraction of 



SILICON 


189 


clay for the liquid predominaks, and above which the attraction of Imuid for 
liquid is predominant. 

The effect of alkalies on clay suspended in waler is to keep the clay particles 
apart, the effect of acids is to make them form aggregates. The result is rather 
remarkable. Clay-slip prepared with about 0*3 per cent, of a mixture of sodium 
carbonate and silicate, can be readily poured in casting operations, and yet it may 
bontain less water than a stiff mass of clay without the alkali. The addition of a 
little acid to the former so as to neutralize the alkali is attended by an immediate 
“ solidification ” of the slip. • The vessel can then be turned upside down without 
interfering with the contents. The addition of more alkali will again make the 
slip pour readily. The amount of the alkali mixture required to give the maximum 
fluidity with the minimum proportion of water varies torn clay to clay. The 
phenomenon has important industrial applications. It has been discussed by 
C. Goetz, A. Schmidt, A. Johnson, M. Simonis, 0. M. Smith, J. W. Mellor, K. Weber, 
H. E. Ashley, B. Kosmann, A. V. Bleininger and C. E. Fulton, (1. Keppellcr, 
M. Rosenoff, M. Bottchcr, H. Hirsch, A. Spangenberg, H. G. Schurecht, S. Woss- 
nessensky, A. Fodor and B. Schonfeld, R. C. Wallace and J. E. Maynard, etc. 

The above h3q)othe8is shows how the plasticity of a clay (‘an increase with 
increasing proportions of water so long as the average thickness of th(i surface films 
of water on the particle of clay is not greater than the average range of the', mol. 
attraction of the clay for water. When enough water has been added to produce 
thicker films, part of the water will be outside the range of this attraction, and the 
clay will be less coherent, and become “Sticky.” The high surface attraction 
of clay for water is illustrated by the magnitude of the Pouillet effect observed by 
C. S. M. Pouillet, C. G. Jungk, F. Meissner, and S. Lagergren. According to 
A. Mitschcrlich, with approximately the same surface area, the maximum elT(‘ct 
is nearly 1*50 cals, per gram with china clay ; 0*03 cal. with ground (piartz ; and 
0*01 cal. with ground flint. J. G. Bouyoucos found the heat of wetting quartz 
sand is zero ; with fine sand, 0 '8 cal. per 50 grms. of material ; and 607 ’5 for clay. 
The heat of wetting is reduced when the materials are preheated, and this the more 
the higher the temp., until, at 750*^, the effect with soils vanished. Attempts by 
J, Aron, B. Kosmann, 0. Bock, W. H. Brewer, P. Rohland, E. Orton, A. ScheiJ, 
H. A. Seger, F. Kraze, etc., to refer plasticity to the hydration of the clay mols. 
have not been very successful because no direct relation has been observed between 
the plasticity and the water of hydration 'per se. It is, however, noticeable that the 
greater the plasticity of the clay, the greater the proj)ortion of water reejuired to 
develop maximum plasticity. Thus, a highly plastic clay nlay take U]) 30 per cent, 
of water before becoming sticky, while less plast;jc clay requires 20 per c(‘nt., and a 
short clay may become sticky after 10 per cent, of water has been added. 0. Ruff 
contrasted the plasticity obtained by kneading a solid in a viscous fluid— c.^. 
putty — with the plasticity obtained by the concentration of lyophile substances— 
e.g. clays — thus attributing the })lasticity of clays to the affinity between the clay 
particles and the water. E. Bourry, and R. Biedermann and H. Herzfeld showed 
that liquids like absolute alcohol, ether, petroleum, benzene, turpentine, olive oil, 
glycerol, etc., do not make dry clays plastic in the same sense that water makes 
them plastic. 

In analyzing the effect of acids, bases, and salts on clays, it is necessary to take 
adsorption into consideration. The relation oi the clay particles to the liquid 
may be drastically modified when the clay .particles contain adsorbed salts, acids, ^ 
etc. R. C. Purdy specially emphasiztd tftc function of ad8orb(Hl salts. This, 
however, does not affect the qualitative explanation of the effects just outlined ; 
nor is it necessary to make any assumption as to the nature of the attractive forces. 
The gravitational attraction of solid for solid has been neglected because it can be 
regarded as a constant under these conditions. L. Wolff has built an exp iia ion 
based on T. Schniedel’s application of the gravitational law to molecular attrac- 
tion. C. Tomlinson made a similar hypothesis. The particles of clay are assumed 
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to attract one another according to the gravitational law ; but any other assumed 
law of attraction would apply equally well. 

The remarkabJe effects of giJn and other mucilages in enhancing the plasticity 
of clay has been utilized by potters for an indefinitely long time. In 1903, 
E. G. Acheson patented the use of aq. soln. of the tannins and gallotannins, e.g. 
decoctions of oak-bark, etc. ; and in 1918, G. Keppler, and A. Spangenberg patented 
the use of decoctions of humic acid, peat, etc. These plasticizing agents probably 
act indirectly by adsorption. The clay particles adsorb the organic colloid, and, 
judging by results, this probably augments the surfecc attraction between the 
particles and the surrounding liquid. The plasticity of china clays, practically 
free from organic matter, shows that adsorbed organic colloids are not always the 
source of their plasticity.^ Clays which have been sodden with ground waters rich 
in organic matter are usually highly plastic ; and those clays which can be shown 
geologically to have been deposited in swamps and bogs, or which have been in 
contact with such waters, are usually very plastic unless other mctamorphic changes 
have occurred. Many such clays, however, are not plastic when freshly dug, but 
they become plastic during weathering. When first mined, some of the clays are 
hard, but if they be moistened and exposed to sunshine and frost they more or 
less quickly disintegrate and crumble to fine-grained plastic clays. Clays which are 
allowed to stand for a long time in contact with moisture become more plastic, 
or, as the workmen express it, more “ buttery.” Clays which have been boiled 
with water also become more plastic. Clays prepared by fast processes— filter- 
press- are not so “ buttery ” as wheli prepared by a slower process— slip-kiln. 
China clays prepared by the elaborate, ap()arently primitive Cornish process— by 
slow sedimentation and sli})-kiln— are more plastic than when the process of 
dewatering the clay is accelerated by filter-press. There is thus an intimate con- 
nection between the plasticity of a clay and its past history with respect to water. 
All tliis looks as if the clay in contact with water is being hydrated to form a 
colloidal gel. 

Attempts have been made to establish the colloidal theory of plasticity by 
adding artificially-prepared colloids to feebly ]>lastic clays. A. S. Cushman, for 
example, found that when colloidal silica is added to such a clay, the air shrinkage 
and the tensile strength of the clay are increased, but not the plasticity ; but with 
colloidal alumina, neither the air shrinkage nor the tensile strength were increased 
but the plasticity was augmented. F, F. Grout, however, pointed out that unlike 
the plasticity of clays, the plasticity acquired by the addition of colloidal alumina 
is lost when the clay isMried. Similar remarks apjdy to the colloids prepared by 
precipitation from a mixed soln. of alum and water-glass. If the plasticity of 
clays is due to the presence of a colloidal aluminosilicate, it is therefore necessary to 
assume that it is due to a form which has not yet been recognized. J. Stewart 
assumed that an organic aluminium component is Ihe colloid, but this is unlikely. 
From his study of the action of acids and alkalies on the colloidal fractions of clay, 
li. Bradfield inferred that the colloid is a complex aluminosilicate and not a mixture 
of hydrated oxides. The properties of T. Schloesing’s I'argile collotdak simulate, 
in a highly exaggerated form, the behaviour of clays on drying, and it is probable 
that the colloid plays an im])ortant part in the drying of c%y. The “ felting ” 
action per se of the particles of the drying clay is scarcely an adequate explanation 
of the comparatively high tenacity of dried clays. The impermeability of wet 
puddled clay to water is also difficult to understand on the “ felting ” hypothesis 
simplicUer. ^ • .• 

Clay suspended in water is negatively charged. W. S. J evens, and W. Durham 
said that the electrification is excited by the friction of the clay particles falling 
in the wat^r, and the water in the vicinity acquires an equal and opposite charge. 
Hence water and clay are mutually attracted. The latter said that the dissipation 
of the charge is prevented by the non-conductivity of the water. In the presence 
of acids or salts the water becomes a good conductor, the charges are neutralized, 
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and the clay settles. This does not explain the action of peptizing agents wliich 
make the water a goo^ conductor and yet keep the, clay in suspension— 8. 23, 8. 
The acceleration of the sedimentation of clays by electrification whereby the clay 
is deposited on the anode has been discussed in connection with hydrated silica. 
The action has also been examined by A. V. Bleininger and C. S. Kiuuison, 
R. D. Kleeman, A. Muentz and H. Gaudechon. 

Some chemical properties Ol clays.— -According to F. Cornu, moist kaolinite 
reacts more or less acid to litmus. H. F. Kriege studied the rate of chlorination 
of different clays when mixftd with carbon and heated in chlorine gas. According 
to R. van der Lieden, china clay from Zettlitz is slightly soluble when shaken with 
distilled water at room temp., but it is possible that a colloidal suspension was 
mistaken for a soln., or the clay was impure, and it is doul^tful if china clay is really 
soluble in water. The attempts made to find the constitution of kaolinite by the 
action of acids and alkali-lye have been previously discussed ; and the oction of 
sulphuric acid in connection with the preparation of alum - 6 . 33, 20. H. St. C. 
Deville examined the solubility of china clay in soda-lye ; and he also found that 
the clay is decomposed by hydrofluosilicic acid {q.v.) so that alumina passes into 
soln. He also removed iron and pyrites from clays by means of hydrocliloric acid. 
China clay is slightly soluble in acetic and hydrochloric acids at ordinary temp. ; 
the former dissolved 1’26 and the latter 0*34 per cent. China clay is still more 
soluble in hydrochloric or nitric acid at the b.p. when the former dissolved 3’91 
and the latter I ’37 per cent. More alumina is dissolved than silica so that the clay 
is partially decomposed by the acid. Hot cone, sulphuric acid breaks down the 
clay completely and aluminium sulphate can be obtained from the soln. The 
action of sulphuric acid was considered by S. Kasai. Jf the china clay has been 
heated at temp, between r)(X)° and 8(K)°, it becomes much more soluble in acids. 
If the calcination be higher than 8(X)'’, the 


solubility again decreases. R. van der 
Lieden studied the action of acetic acid. 
The solubility curve of kaolinite calcined 
at different temp., Fig. 118, is by A. M. 
Sokoloff. Alumina also becomes much more 
soluble after it has been preheated to 
between and and less soluble 

after heating above 800'". The solubility 



curve for alumina alone is analogous to 


Temperdture 


that, f.ir china clay at these teni].. A. (Jye- A.-i.l Solubility 

mant studied the ionic cone, of china, clay of Kaolinite (’alcinod at Oifloront 


in soln. of sodium chloride ; and R. Brad- 'J’cinperatnrcs. 


field measured the H '-concentration of 


colloid clay. K. D. Glinka studied the action of boiling soln. of pota.ssium 
hydroxide. J. Lemberg, and S. J. Thugiitt found that with a soln. of sodium 
carbonate, cancrinitc is formed ; with j)otassiimi carbonate, a potassium aluminium 
silicate ; and with a soln. of sodium .silicate, analcite is produced. H. Bchneider- 
holm studied the action of various salt soln. on china clay. J. H. Davidson, and 
W. E. S. Turner studied the solubility of clay in molten glass, and G. V. Wilson 
showed that crystals of felspar, magnetite, and biotite may be formed in the soln,. 
W. E. S. Turner and co-workers stiulied the action of fused glasses on fireclays. 
The disintegrating influence of furnace gases cjj. carbon monoxide -on firebricks 
was investigated by B. M. O’Harra aynd W. i. Darby, T. Holgate, F. Firmstone, 
J. Pattinson, L. Bradshaw and W. Emery, J. W. Mellor, C. E. Nesbitt and M. L. Bell, 
R. H. Howe, L. P. Ross, and A. C. Fieldner and co-workers. The absorption of 
sulphurous gases by clays was studied by P. G. Jackson; and the adsorption of 
ammonia from the atmosphere, by J. Bouis, and M. Faraday. For the action of 
the vapours of ammonium or sodium chloride, vide silica. H. Ota and M. Noda 
found that china clay does not show the indophenoj reaction. The polymerizing 
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effect of healed clay on some misaturated hydrocarbons was disonssed by 
8, W. Lebedeff and E. P. Filotwnko, and L. G. Gurvitsch.* H. Freimdlich and 
F. Oppenheimer found that the presence of particles of cLina clay increased the rate 
of crystallization of water, and various aq. soln. The subject was also studied by 
A. Brann and co- workers. 

R. N. Brackett and J. F. Williams found a soft white mineral, occurring as 
plates or leaves resembling mountain leather, in the sandstone of the Blue Moun- 
tain, Arkansas. They called the mineral rectoritfr— after E. W? Rector. The folia are 
flexible and inelastic, separating with an easy cleavag^ ; and they are softer than 
talc. The crystals arc possibly raonoclinic ; they are biaxial, and have the optical 
axial angle 2^-”5®-20®. The refractive index is low. The composition of the 
mineral dried at 110° is. Al2O3.2SiO2.H2O. F. W. Clarke wrote Al3(Si04)3H3. 
The mineral is sometimes stained with iron oxide. R. N. Brackett and J. F. Williams 
also found at Sneed’s Creek, Newton, Arkansas, soft compact masses of a white 
powder which they called newtonite. The powder consists of minute rhombs 
with angles 88°-89°. The extinction is parallel to the diagonals of the rliombs, 
and th(^ crystals are thought to belong to the trigonal system. The composition 
approximates Al2O3.2SiO2.5H2O. F. W. Clarke wrote Al(0H)2(H38i04). The sp. gr. 
is 2*37. Newtonite resembles halloysitc in many respects. It is slightly soluble 
in hydrochloric acid ; decomposed by sulphuric acid with the separation of gelatinous 
silicic acid ; decomposed by boiling soda-lye, leaving a residue insoluble in hydro- 
chloric acid. These two minerals have not been closely investigated, and their 
relation to the better-known hydrated aluminium silicates remains to be elucidated. 

P. Termier described a clay-like, colourless or brown mineral which he called lever- 
rlerlte — after U. J. J. Leverrier. Analyses made by A. Carnot, P. Termier, and E. S. Larson 
and E. T. Wherry,* do not agree. P. Termier gave AI-jOg.CSiOj.SHjO, as the best repre- 
sentative value ; W. Vernadsky gave Al 203 . 2 Si 0 j, corresponding with calcined kaolinite. 
Lever fieri te occurs in vermiculato aggregates in the black shales of the Departments de 
la Loire, France. The crystals are hexagonal prisms — possibly rhombic. The form and 
twinning resembles that of the micas. The sp. gr. is 2-3-2-698 ; the hardness P5 ; the 
indices of refraction a= 1*554, and y-1‘582 ; the dispersion y— a=0 028 ; and the optical 
character is negative. E. 8. Larsen and E. T. Wherry gave 01 = 1*470, and €-1*516. 

F. W. Clarke, and E. 8. Larsen and PI T. Wherry regard the group of minerals leverrierite, 
batchelorite, kryptotile, and delanouite as belonging to the same family — probably the 
micas. According to W. P\ Petterd, batehelorlte is a green, foliated, clay-like mineral 
from the Mt. Lyell mine, Tasmania, which was named after W. T. Batchelor ; its com- 
position approximates to that of rectorite : Al 2 O 8 . 2 SiOj.H 2 O. 

There is usually a difficulty in assigning formulco calculated from the analyses 
of the hydrated aluminium silicates because the minerals are so often contaminated 
with silicic acids, aluminiuiy hydroxides, etc. These hydrates arc often colloidal 
or amorphous. Many of them have been given specific names owing to trifling 
and accidental differences such as the occurrence in a different locality, or a varia- 
tion in the colour, state of aggregation, etc., without any attempt being made to 
correlate the essentials with those of other known minerals. This may be due to 
excessive zeal in the discovery of new minerals. To the onlooker of descriptive 
mineralogy it would appear as if the co-ordination of facts has not always been 
kept in view as the ultimate goal. The colloidal hydrated aluminium silicates have 
generally been formed by the weathering of crystalline aluminosilicates to which 
they are related much as china clay is related to felspar. Many of the hydrated 
aluminium silicates are mixtures of the hydrogels of silica and alumina, and many 
of them have been artificially synthesized by the simultaneous precipitation of 
these two gels from aq. soln. of theit salts. J. Splichal measured the refractive 
index of various mixtures of the hydrogels of silica and alumina after calcination, 
and found for the Si02 : AI2O3 ratio : 

SiOjtAljO, . 0*9:1 1*9:1 2*8:1 4*3:1 6*5:1 

Ref. index . 1*680-1*595 1*636-1*546 1*520-1 *635 1*496-1 *605 1*48-1*49 

when 1*68 was obtained for alumina alone, and 1*480-1*485 for silica alone,, The 
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three mineralfi halloysite, allophane, and montmorillonite may be rogardc'd us 
types of colloidal or gel minerals. P. Groth, for instance, suggested that allophuiie 
and montmorillonite are “ loose ” compounds of colloidal silicic acid and oolhudul 
aluminium hydroxide, and S. Kasai found that mixtures of these two gels have 
properties like those of allophane. The work of B. Aarnio, F. Cornu, R. Gans, 
T. A. Nikolajewsky, H. Stremme, and G. Wiegner shows that these minerals are 
adsorption compounds of silica gel and alumina gel, although S. J. Thugutt, and 
E. Lbwenstein hold the view that they are definite compounds. 

H. le Chatelier examined the thermal changes which occur when halloysite, 
allophane, and montmorillonite are heated, and considered that each curve is specific 
and characteristic. J. W. Mellor showed that the heating curv(\s of all three 
minerals are the same if allowance be made for the presence of kaolinite impurities, 
and for small variations in the position of the critical points due to differences in 
the lag determined by differences in the rates of heating. A terrace in the heating 
curve at about 150'" is a characteristic of colloidal silicates and silicic acid ; a terrace 
at about 500° is characteristic of kaolinitic clays (kaolinite or clayite) ; and a hump 
in the curve at about 900° is characteristic of alumina (Figs. .51-5, 33, 10) and of 
aluminium silicates, which are assumed to have broken down at some Iov^^t temp, 
into free silica and free alumina (Figs. 119-120, vide supra). Variations in sp. ht.. 
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Fig. 119. — C^rystala 
of Kaolinite. 


Fig. 120.— 
China Clay 
(Clayite and 
Kaolinite). 


Fig. 121.- 
Halloysite, 
Allophane, 
and Moni- 
morillonite. 


Fig. 122.— 
Silicic Acid. 


thermal conductivity, and compactness of the mineral ma}f produce small variations 
in the positions of the singularities on the heating curves. There is no teirace at 
500° with silicic acid, opal, aluminium hydroxide, halloysite, allophane, indianite, 
lenzinite, schrotterite, collyrite, smectite*, montmorillonite, severite*, cimoli^* 
razoumoffakite*, anauxite*, and confolensite*. Those marked with an asterisk 
showed a faint terrace, presumably owing to the presence of impurities , and 
them showed the colloid terrace near 1.50°, and the alumina hump near 900 . 1 his 
is in agreement with H. Stremnie’s suggestion that halloysite, allophane, and mont- 
morillonite are mixtures of hydrogels of silica and alumina ; and not chemical 
individuals. With these views of the nature of these hydrates, the graphic formula 
representing them as alumino-silicatiis lose their significance. Summarizing these 
results, the heating curve of these hydrated aluminium silicates has 


Hump at 900" 


Terraco near 500° 

I No terrace near 600‘ 


t^n’dto about 150" 
(Terrace about 150" . 
Terrace about 150" . 


Kaolinite. 

Clayite. 

Halloysite, etc. 


The so-called daydme or clay substance may contain one or more of these con- 

8tituen^rth.^r ea described a friable hard mineral from Angleur, etc., which 
he called halloysite— after J. B. J. d’Omalius d’Halloy, who first noticed the 
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mineral. Its colour is white, grey, bluish-green, yellow, red, or brown according to 
the nature and proportion of impurities which are present. The more pure varieties 
are sometimes translucent particularly near the edges, and the translucency is 
more pronounced when the mineral is wet. Halloysite occurs massive and earthy. 
It has a soapy feel. The sp. gr. ranges from 1 *92-2-20 ; and P. Philipenko gave 
2*45 at 19®. The hardness is 1-2, and P. Philipenko gave 2*5-3. J. Splichal gave 
for the index of refraction 1*54-1 57, and after calcination, 1*555-1*595. 

Analyses of halloysite were reported by P. Berthier, P. A. Dufrenoy, P. Phili- 
penko, F. Ostwald, V. Monheim, C. Sauvage, M. Thomson and M. Binney, H. le 
Chatelier, R. Helmhackcr, F. Pisani, C. F. Rammelsberg, C. von John, F. W. Clarke 
and T. M. Chatard, M. F.,Heddle, D. Pedro, F. Koch, F. L. Ransome, E. S. Simpson 
and C. G. Gibson, A. F, Rogers, and H. Stremme, The results are divergent, but 
the best rei)resentative value approximates to Al2O3.2SiO2.wH2O, with n varying 
from 3 to 5, usually nearer 3. An air-dried sample from Styria contained 22 *42 per 
cent, of water of which 9*43 per cent, was lost at 110°, and the remainder was lost 
as the temp, rose gradually above 3(X)°. Air-dried halloysites from various localities 
were found by A, Lacroix to have from 17*6 to 26*5 per cent, of water. The 
possible constitutional formulae are as varied as in the case of kaolinite. E. S. Larsen 
and E. T. Wherry regard halloysite as an amorphous mineral corresponding with 
kaolinite, but holding extra water either by adsorption or capillarity. As an 
example of a possible constitution, assuming that halloysite is a chemical individual, 
the following may be quoted, 0 : A1.0.Si(0H)3. H. le Chatelier found that halloy- 
sites lost between 3*5 and 12*5 per cent, of water when heated to 250°. The heating 
curve shows a rapid evolution of water between 150° and 200°, Fig. 121, and the 
residue has the composition Al2O3.2SiO2.2H2O, the same as kaolinite ; but the loss of 
the remaining water at about 500° does not show the kaolinite terrace. There is the 
alumina hump at about 900°. H. le Chatelier believes that the sedimentary clays 
do not contain kaolinite, but rather halloysite. J. W. Gregory, and D. P. McDonald 
adopted a similar hypothesis. J. W. Mellor showed that th(i results are better 
interpreted by assuming that these clays contain colloidal kaolinite, Lc. clayitc, 
because the heating curves have the kaolinite terrace at about 500°. E. Ldwenstein 
found that when couhned at 25° over sulphuric acid of vap. press, p mm. of 
mercury, the molar loss of water for equilibrium was as follows : 
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. 211 -55 
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. 0 

0-25 

0-91 
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3-34 

3-44 
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. 0 

014 

0-42 

0-71 

0-98 

1*14 

Montniorillonite 

. 0 

1 05 

1-93 

3-41 

4-74 

510 


J. W. Mellor and co-workers obtained analogous results with halloysite. A. B. Dick 
found the refractive indices of the opaline halloysites ranged from 1*522 to 1*544. 
When boiled in water, and afterwards dried spontaneously in air, their refractive 
indices were not changed ; but if dried for a fortnight at ordinary atm. press., over 
cone, sulphuric acid, the refractive index rose to 1*555. Dry air decomposes 
the minerals because, when placed in damp air for some days to regain the lost 
water, they do not regain their original refractive index. There are some museum 
specimens of halloysite with a refractive index a little over 1*56. They have a 
cryptocrystalline structure and a faint double refraction. A. B. Dick said that 
these specimens may be kaolinite or rostormellite, or an alkaline earth silicate. 
J. Splichal gave 1*54-1*57 for the refractive indices of the halloysites from Angleur, 
Belgium, and Radzionkow, Silesia ; and sifter ignition, 1*555-1*595. Halloysite 
is partly decomposed by cold cone, hydrochloric acid, and completely decomposed 
by the boiling acid. Similarly also with sulphuric acid. 

A. Breithaupt called ordinary compact halloysite from Angler, galapectite, and a dense 
gum-like variety which does not adhere to the tongue, gummite. A gum-like clay from 
Budapest was called halloysite by F. Koch. P. A. Dufr^noy’s argile chimique is probably 
halloysite, A compact, earthy, white, translucent variety of halloysite from La Vilate, 
France, was calle^ by J. F. Jolm, ImzinUe or fenzt/e— after D. G. J. Lenz ; its composition 
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is Alj03.2Si0,.3H,0 ; and a brownish variety fropa Call, Eifel, had a composition 
3Alj03.6Si03.11Hj|0. C. C. von Leonhard regarded it as a decomposed scmiopal. It is 
said not to gelatimze with acids. For tlie heating curve, vide Fig. 121. The term lenzimte 
has also been applied to white clay with a largo proportion of silica. The lenzinite from 
St. S6v^re was called by F. S. Beudant eh}entc. It was analyzed by J. Pelletier ; and 
discussed by C. von Hauer. For the heating curve, vide Fig. 121. A white clay with a 
conchoidal fracture from Lawrence, Indiana, resembling lialloysito, was called by K. T. Fox 
indianiie. The sp. gr. is 2'31 -2'53, and the hardness 2-2J. Indianite was di.scns8e<l by 
W. N. Logan, A. M. Gibson, H. A. Wheeler, etc. For the heating curve, vide Fig. 121. The 
term indianite has been also applied to a brown anorthite from India. A white or yellowish- 
white earth from Bergen rsreuth, Bavaria, was called by A. Breithaupt gIcKjerik—hom 
yKaytpoSf milk coloured. There are two varieties, one is earthy, with a sp. gr. 2 ‘355, and a 
composition 2Al3O3.3SiOj.6H2O ; the other is compact, with a sp. gr. 2‘331, and a com- 
position 2Al2Oj.2SiO2.6H2O. Glagerite was analyzed by J..F. John, and A. Sajtzeff. 
A. B. Dick gave 1‘644 for tlie refractive index. J. Fikenstem found that A. Breithaupt’s 
glagerite is halloysite. A variety of lialloysito from CondtFsur- Vi^gro, h’rance, was called by 
A. Salv6tat, smectite — from ir/uTjKTly, detersive earth. It has a greenish colour, and a greasy 
appearance ; and in certain states of huipidity appears almost transparent ami gelatinous. 
It was examined by L. A. Jordan. For the heating curve, vide Fig. 121. A. Bi-eithaupt 
applied the terra smectite to a kind of fuller s earth from Styria. C. U. Shepard called a 
milk-white variety of halloysite from Dade, Georgia, glossccoUde. It was analyzed by 
F. Pisani. M. Thomson and M. Binney ap{)hed the term pseudostcatite to an irnfiure gnwn 
halloysite from Bathgate, Scotland. A white or bluish-white earth obtained at Noilschinsk 
was called nertschinakiie by E. F. Glocker, who considered it to be a variety of lenzite. 
E. Tietze called a white earth from Maidanpek, Serbia, imlanite. An opaque milk-white 
slightly lustrous clay from the red sandstone on the banks of the Tweed, Si'otland, was 
called by T, Thomson -from the Latin Tucsts, the TwtHxl. C. F. Kammelsberg 

gave a number of analyses. The sp. gr. is 2‘434-2'624. P. A. Dufn'moy, J. Niool, and 
J. W. Gregory regard tuesite os a variety of halloysite. It is amorphous and jiractieallly 
isotropic. 

Cimolian earth referred to by 'rhoophrostus •* as KifnoKia ; by Pliny as cimolia ; and 
by M. H. Klaproth as amolik, is a greyish-white clay when freshly dug, but it acquires a 
reddish tint on exposure to air. It was originally obtained from Kimlos, i.e. the island of 
Argentiera, and a similar earth has boon report t^l from other localities. Cimolian earth 
has a slaty fracture ; and is difficult to powder, E. Dittler and J. E, Hibsch gave 
2Al203.9Si0.2.6H20 for the formula, (’imolite is a structureloss powder. Jts sp. gr. is 2'18- 
2’30. It sticks to the tongue, and on immereion in water, it splits into Hakes und forms a 
cream-like slip when ground with water. In this form it has boon used for lemoving oils and 
fats from wool and silk. Analyses were reportisl by M. H. Klaproth, C. F. Burninelsborg, 

R, B. Riggs, F. W. (darke, R, Scharizer, ami A. J^ivcisidgo ; the results are not concordant ; 
the average approximates 2Al2O3.08i().2.<)ll2(). 'J'he mineral is probably a mixture of the 
hydrogels of silica and alumina. For tho heating curve, vide Fig. 121, F, W. Clarke gave 
for cimolite, AljiSijGgjj.OHjO. A. Brcilliaiifit describial a greenish-white ciniolite in 
tho weathered basalt of Bilin, Bohemia, which ho called ana uo’ik horn dvav^iji, not 
softening — in allusion to its behaviour in the blowpipe ffanio. Ifs sp. gr. is 2'26 ; E. l)]tUor 
and J. E. Hibsch gave 2 524. It was analyzed by C. von Hauer. JO. Dittler and 
J. E. Hibsch gave tho formula 3Al2G,.l(tSi()2.81l Ah They say tho crystals aro rhombic 
and unlike those of kaolinite. Tho heating curve is shown in Fig. 121, 'i'ho jiclikanUe of 
N. Ouchakotl is a mixture of cimohto and quartz found at KielT, Jiussia. 3'ho hmUerite of 

S, Haughton is a similar earth. 

J. J. NOggeratli described a rose-rod earth from the trachyte of the Siobengebirgos 
which Jie calletl chrenbergik. It is almost gelatinous wlien freshly dug, and it becomes 
fragile and pulverulent when dried. It swells up like boiled starch when placed in water. 
W. C. Knight discovered a soft fine-grained clay in the Benton formation of Wyoming, 
and ho first named it taylorite-~&itev W. Taylor—but tho name was afterwanls altered to 
bentonite when it was found that taylorite was already in use for something else. Tho 
mineral was also reported in other localities by N. H. Darton, C. E. Siebenthal, eUi, In 
some respects bentonite resembles ehrenbergite. It is supposed in some coses to have been 
formed by the weathering of labradorite ; in otlier cases, as shown by E. T. Wherry, and 
C. S. Ross and E. V. Shannon, it is considered to bo derived from volcanic ash whicli has 
sometimes been reworked and mixed with/letrifeal ipatf/ors. Often it is made up of Varying 
proportions of volcanic rock, phenocrj’sts, and a devitrification product of glass. There 
are,, liowever, several varieties probably derived from different sources. The composition 
approximates Al,Oj.6SiOj.6HjO. H. G. ScJiurecht and H. W. Douda consider that 
bentonite is a mixture of colloidal silicates and fine-grained kaolinite. The colour when 
freshly dug is yellowish-green, which changes to a pale cream on exposure to air. The 
sp. gr. is 2132-2T80. When placed in water some varieties absorb more tlian three times 
their weight or up to eight times their own volume of water, swelling considerably, and pro- 
ducing a jelly-like mass which recalls some of the adhesive pastes. According to 
W. A. Nelwn, when bentonite is boiled with sulphuric acid, nearly all the alumina passes 
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into soln. Bentonite has been used in the manufacture of soap, as a iSller for paper, as a 
sizing for yarn, as a diluent for certain drugs, and as a raw constituent of glazes to lielp 
in keeping tlie materials suspended in water. Numerous possible uses have b^n suggested. 
It has high adsorptive powers resembling those of diatomaceous earth. H. F. Coward 
found bentonite is a typical negative susfiensoidal colloid in that the particles are negatively 
charged, and the charge decreases with increasing quantities of electrolytes— acids, alkalies, 
or salts — until, with a sufficient concentration, the whole is sedimented in a gelatinized 
form. The flocculation is reversible. 

Many kinds of clay-like substances have been called loller’tf earth, in allusion to the 
fact that they have long been used for “ fulling ” or rerao‘/ing grease from woollen goods. 
Fuller’s earth corresponds with the description of the creta citnolia or cimolian earth of 
Pliny’s Historice naturalis ( 17 . 4 ; and 85. 67). The earth was used by the Romans for 
scouring cloth. The Metilian Law of the Romans had to do with the ars fullonia. In 
ancient times, the cloth was washed by stamping it with water and creta fullonia which 
acted partly by scouring and partly by absorbing greasy dirt. According to J. Beckmann,*® 
the mill where cloth was scoured as it came from the loom was formerly called fullenciutn, 
or niolendium cum fullione. A. G. Werner, L. A. Einmerling, etc., called a clay of this 
kind Walkrrerdet Walkihon, or Walkerde ; A. J. M. Brochant, la terre d foullon ; 
J. G. Wallerius, srnectis ; R. J. Haiiy, argik mnectigue ; and A. Breithaupt, walkerite, 
smectite {vide halloysite), and fnalthacite. Fuller’s earth has been worked in Groat Britain 
for very many years — at Reigate and Nutfield, Surrey ; Bath, Somerset ; etc. Various 
other occurrences have been reported by J. Woodwanl, J. C. Branner, A. E. Fersmann, 
A. H. Cox, G. M. Davies, J. Middleton, H. D. Miser, 1’. G. Morgan, F. J. Bennett, H. Ries, 
H. K, Shearer, R. Tate, D. J. Day, A. C. G. Cameron, J. T. Porter, T. W. Vaughan, 
E. H. Sollards and H. Gimter, L. E. Aubury, A. Duessen, \V. C. Alden, 0. Veatch, E. Sloan, 
etc. In tlie eighteenth century, a special Act was passed proliibiting its export from 
England ; after the repeal of the Act, Eqgland was the chief protlucer for the world, but 
in retient years lias boon outstripped by the United States. The mining of fuller’s earth 
is like that of other clays. Tlie earth may or may not be washed by lovigation as in the 
case of china clay. In the wiwhmg, the earth remaining suspended in water after the 
grosser impurities have settled, is finally dried in kilns. The drying temp, must be low, 
or the adsorbent qualities are impairetl. The preparation of fuller’s earth for the market 
was dest^ribed by H, B. Woodward, W. C. Phalen, A. C. G. Cameron, C. L. Parsons, etc. 

The first analysis was made by T. Bergman, and analyses were afterwards reported by 
M. H. Klaprotli, T. Thomson, R. Sachsse and A. Becker, H. B. WocKlward, V. G. Sanford, 
H. Ries, J. Briorley, L. A. Jordan, J. T. Porter, etc. 'flio results range from 44 00-72 OO 
percent. SiOjj ; 6 00 .33-38, AlgO, ; 4-89-24-9r), H^O ; 1 26-14-87, Fe/lj ; 0-33-7-40, 
CaO; 0-4.3-4-36, MgO ; alkalies, 0‘45-6-00; with small amounts of organic matter SO 3, 
P,0(, and TiOj, The variations in composition are so great that analysis alone does not 
determine whether a particular clay is to be classed as a fuller’s earth. Fuller’s earth 
contains hydrated aluminium silicates, incompletely decornpo.sed mineral matters, and 
various detrital minerals. The petrology of fuller's earth has been discus.sed by A. H. Cox, 
and T. Crook. H. Rios said that hydrated silica is usually present. A. Breithaupt 
supposed smectite, Al303.7Si03.12H2(), and malthacite, Al303.7Si02.i6Hj0, to be primary 
constituents. I’he conelujion, however, is not very convincing. The origin of fuller’s 
. earth has not been elucidated. H. Cretlner said that while kaolinitic clays are derived 
from the decomposition of felspathic -ocks, fuller’s earth is probably derived from horn- 
blende, amphibolo, and augite rocks — e.g. gabbros, diontes, diabases, and basalts. 

The colour of fuller’s earth may be wliite, grey, green, or brown. It does not adhere to 
the tongue and it softens when placed in water. The sp. gr. ranges from 1-9-2 1. Some 
fuller’s earths have an acid reaction, others are neutral. 'I'he so-called Kamhara clay of 
Japan is like an acidic fuller’s eartli. Its properties were described by K. Kobayashi, and 
S. Veno. The adsorbent quality of fuller’s earth is determined by the constituent colloidal 
aluminium silicates. Most of the fuller’s earths contain much water, but, as C. L. Parsons 
showed, some of the eartlia adsorb os well after the water has been expelled as they did 
before ; others have their adsorbent power much weakened. Although still used as a kind 
of argik savonneuse in cleaning cloth, washing woollens, and fine-dyed goods, fuller's earth 
is still more extensively employed in refining oils, fats, lard, etc. J. E. Gilpin and 
O. E. Bransky found that the selective adsorption by fuller’s earth is greatest for oils of 
high sp. gr. and viscosity, for unsaturated hydrocarbons, and for sulphur compounds. 
E. K.. Kidoal and W. Thomas believe that with the earths from Surrey, Somerset, and 
Florida, the adsorption of methylene blue frora'aq. soln. is approximately proportional to 
the sp. surface of the earths, while the catalytic aidmties in decomposing hydrogen dioxide 
are not dependent on the adsorption and may depend on the iron content. The specific 
adsorbent qualities of fuller’s earth have been discussed by V. F. Herr, J. E. Gilpin and 
co-workers, L. G. Gurvitsch, D, Wesson, W. R. Jewell, T. G. Richert, A. Seidell, 
C. L. Parsons, J. J. Vollertson, etc. A little is used as a pigment for wall-papers, and the 
finest grades in toilet preparations. 

F. Stromeyer and J. F. L. Hausmaun^^^ applied the term alloilhane to a mineral 
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purring in cavities in a marl near Saalfeld, Thuringia. The name is derived from 
aUo5, other ; to appear, in allusion to;tho change in the appearance 

of the mineral before the blowpipe flame. A. Breithaupt called it riemannite, 
AUophane is a hard, brittle, opaque, non-crystalline earth; the edges of the 
fragments are sometimes translucent. The colour may be white, but more com- 
monly sky-blue, green, red, or brown. The fracture is conchoidal, and the lustre 
vitreous. The sp. gr. is 1-89-2 02. J. Splichal gave for the index of refraction 
1-480-1-490; and after calcination, l-505-l’570. The mineral has been found in 
different localities and described by W. D. Herman, J. Morris, J. Prestwich, 

R. H. Chandler, G. vom Rath, P. Berthier, A. B. Northcote, 0. T. Jaobon, 
B. Silliman, etc. Analyses were reported by F. Stromeyer, F. A. Walchnor, 
J. Guillemin, R. Bunsen, P. Berthier, A. B. Northcote, B.-Silliman, C. T. Jackson^ 
E. F. Smith, J. Gamper, A. F. Rogers, C. F. Rammelsberg, F. Kretschmer, 
G. d’Achiardi, S. Kasai, A. Nikola vsky, etc. The results approximate to AlaOg.SiOa. 
wHgO, where n may bo 4, 5, or 6. F. W. Clarke gave | Al{0H)2}2H28i()4.3H20, 
or, analogously to andalusite, Al2(Si04)2.| Al(OH)2l 2-1 2H2O. “ According to 

S. J. Thugutt, and H. Streinme, the mineral is probably a mixture of the 
hydrogels of silica and alumina. For the heating curve, i^ule Fig. 121 . J. Splichal 
found the refractive indices of samples of allophanc from Hromice, Bohemia ; 
Bogsan, Banat ; and Borovec, Moravia, to range from 1-480 1-490 before calcination, 
and after calcination, 1-505-1-570. Allophanc is partly decomposed by cold cone, 
hydrochloric acid, and completely decomposed by the boiling acid. II. Schneider- 
holm studied the action of various salt soln. on allophanc; and K. van der 
Lieden, the action of acetic acid. 

The blue variety looks like a copper ore, and presumably cojitains clirysocolla ; the 
green variety contains malachite. C. S<-hnabol found a sample with nearly 19 per cent. 
CuO ; and the yellow and brown varieties, iron oxides or hydroxides. H. Silliman found 
a sample with admixed gibbsite. The yellow variety from Kornwostheim containetl 
aluminite, and M. van Groningen and A. Oppol called the mineral nilicmm nluminite ; 
L. Muck designated a similar variety from Schwolm, Westphalia, tfulplMlallophuno ; and 

L. Bombicci named a variety from Mt. Vocchio, Sardinia containing a little lead, ptwnb- 
alhphanc. A. L. Sach found a reddish allophane at Friesdorf, Bonn, anil called it eihuyarite ; 
it was doscrilied by E. E. Glocker, and H. Bunsen. F. L. Sonnonachein applied the term 
carolathine — after Prince Carolath -to a yellow allophane from Zabrzo, Silesia. The white 
or yellow allophane found by J. I). Dana os stalactites and stalagmites in the lava (taverns 
on the island of Upolu, Samoa, was styled mrmite. F. W. Clarke gave the formula 
Al2(Si04)3.12H20. V. von Zepharovich reported a fomiginous variety. J. D. Dana con- 
sidered that the samoite of B. Silliman is probably a labradorite.^ 

D. L. G. Karsten •* employed the term coUyrite, for the white clay which he found near 
Schemnitz, Hungary, because it agrees well with Dioscorides’ description of the Samian 
earth xoAAu^jok, and Pliny’s collyrimn. J. (3. Freiesleben called it Salpeter, and 

M. H. Klaproth, nalhrlkhe, Alaunerde. Collyrite is very like allophane in its general 
properties. Occurrences were reported by W. V. Vernon, A. Brongniart-, J. C, G. de 
Marignac, J. Jacobson, etc. Analyses of collyrite were made by M. H. Klaproth, 
P. Berthier, C. M. Kereten, and J. H. and G, Olaiistone. Tlie best representative value is 
2Al2O3.SiO2.9H2O — F. W. Clarke gave {A10)4.Si()4.6H,0. It is probably a mixture of the 
hyclrogels of silica and alumina. G. Vogt regarded the clay of Hesdain, France, as a mixture 
of 30 per cent, allophane and 70 per cent, kaolin. H. le Chatelier called the same clay 
collyrite. The collyrite found at Scarborough, Yorkshire, was called by W. V. Vernon, 
ecwboroiie ; its nature was discussed by J. F. L. Hausmann. A greenish or yellowish clay 
resembling allophane, and found by A, SchrOtter near Froienstein, Styria, was called 
opaline aUophane ; E. F. Glocker named it schriiUerUe. It was analyzed by A. SchrOtter, 
and J. W. Mallet. Its composition is variable, for the ratios A1,0, ; SiO, : HjO range over 
8 : 3 : 30, 7 : 3 : 36, and 5 ; 2 : 20. The index of refraction is 1 '584. F. Zambonini 
regarded a sample from Saalfeld as a mixtuid ol 3(Al,Si0,.8H,0)-f SAlfOHja ; and 
R. Helmhacker believed a sample from Froienstein to be a mixture of halloysite and 
varisoRe. F. W. Clarke gave the formula {Al(0Hhl48i04.6H,0. The heating curves — 
Fig. 121 — show that collyrite is a mixture of the hydr^ls of silica and alumina. The vap. 
press, of collyrite is indicated above. 

A. Salvetat®® found a rose-red clay in pockets in the brown clay of Mont- 
moriilon, France, and he called it numtmixrQlonRe. The clay was reported from 
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^ other localities, and analyses have been made by A. Damour, L. Az^nma, A. von 
Fersmann, D. Lovisato, H. LeitjJieier, C. von Hauer, H. le Chatelier, R. Helmhack<)r, 
H. L Wells, C. 8. Ross and E. V. Shannon, and J, H, Collins. The analyses arc 
not concordant, but the best representative value is Al 2 O 3 . 4 SiO 2 . 9 H 2 O. The beat- 
ing curve— Fig. J 21— indicates that montmorillonite is a mixture of the hydrogels 
of silica and almnina. J. Splichal gave for the index of refraction 1*50 ; and after 
calcination, r510-l‘525. H. Leitmeier kept the isotropic hydrogel from Zogora, 
Bulgaria, for three years when it had acquired a feeble Birefringence, indicating 
that it had become crystalline, with an index of refraction 1‘51. This may be a 
chemical individual, or a solid soln. of silicic acid and of a simpler aluminium 
silicate. The vap. press, of montmorillonite has been indicated above. According 
to A. Salvetat, an aq. isoln. of sodium carbonate dissolves a little silica from 
montmorillonite ; the mineral is partially decomposed by cold, cone, hydrochloric 
acid, and completely decomposed by the boiling acid. 

A number of varieties have been reported. A pale rose variety found at Confolens, and 
St. Jean-do-Cole (Thiviers), was called confolmaite by A. R Dufn^noy. It was analyzed 
by r. Berthier, and A. Salvetat. For the heating curve, vide Fig. 121. G. A. Kenngott, 
and C. von Hauer described a variety from Millac, France, and called it delanouite. It is 
rose-rod when freshly dug, but the colour darkens on exposure to air. A. dos Cloizoaux 
described white, yellow, or green varieties from Virolet, and Poitiers, France ; and he 
called this mineral atmrgillite or ateatargillite. A yellowisli clay, resembling steargillite, 
found in the basalt of Stolpen, Saxony, was called atolpenUe, or the bole of Stolpen, by 

O. A. Kenngott, 0. F. Rammelsborg, A. von Fersmann, 1). Lovisato, and C. F. Naumann, 

T. Thomson called a yellowish-red clay from Giant’s Causeway, Ireland, erinite — from 
Erin, Ireland, A white or mottled green clay from the serpentine of Frankenstein and 
Kosomutz, Silesia, was called razoumovakyn by J. F, John and J. Zellner. R. Helmljacker 
reported a similar bluish clay from Lading, Carinthia. Some calcite and nzurite were also 
present as impurities. For the heating curve, vide Fig. 121. J. NickFs applied the term 
aapmile to a white, plastic, soap-like clay occurring in the granite from which issues one 
of the hot springs at Plombi^res, France. R. P. I). Graham analyzed a sample from 
Montreal. C. F. Nauraonn named a similar clay amegmatUe, This clay is one of 
a series called mountain aoap, pierre d aavon, or Bergseife referred to by C. F. Bucholz, 

H. 0. A. Ficinus, and S. J. S, Beckmann. There is also a variety of meerschaum, or soap- 
stone which is the true saponite. 8. D. Villarello described wliat he called paramont- 
■morillonitc from Michoagan, Mexico, as a mineral with the composition Al20a.4Si02.r)H20, 
or HjAl 2 Si 40 i 4 . 2 H 20 . 0. Friodel described a mineral from Mirarnont, France, whiclj he 

called temimie ; its composition approximates AljOa.GSiOjj.lSHjO. Its sp. gr. is P54 ; 
hartlness, 2 ; and index of refraction, 1'403. The partially dehydrated mineral takes up 
ether, benzene, or methylene iodide ; but those are readily displaced by water. 

M. H. Klaproth employed the term afialmatoUle for a talc-like mineral ; 

C. A. G. Napione used pagodite, ^nd for the Chinese mineral A. Breithaupt used 
gemmdhuji. Some of the agalmatolites are not hydrated aluminium silicates, but 
rather nephelites, aud hydrated magnesium aluminium silicates (q.v). R. Hermann 
received a sample of the supposed talc from Ural, and showed that it is really an 
aluminium silicate which he designated pyrophyllite— from irvp, fire ; and q>vkkov, a 
leaf. K. G. Fieldler found a similar mineral at Berjosowsk, Ural. A. Breithaupt 
proposed to use the term pyrauxite—trom. rrvp, fire ; and to increase — in 
allusion to its behaviour when heated. The occurrence of pyrophyllite in various 
localities has been indicated by G. Rose, L. L. de Koninck, L. J. Igelstrom, 
H. Sjogren, E. Schumacher, G, A. Kenngott, H. Gorceix, G. J. Brush, F. A. Genth, 

V. von Zepharovich, R. Helmhacker, M. F. Heddle, W. I. Macadam, A. Frenzel, 

P. Groth, and F. von Richthofen. Analyses were made by R. Hermann, 

C. F. Rammelsberg, L. L, de Kohinck, H. Sjogren, L. J. Igelstrom, H. Gorciex, 

J. L. Smith, G. J. Brush, F. A. Genth, A. H. Church, M. H. Klaproth, J. F. John, 

E. Walmst^t, M. F. Heddle, W. I. Macadam, C. W. von Gtimbel, F. Dewalque, 

F. W. Clarke, J. Samojloff, J. Morozewicz, J. H. Pratt, T. Lowinson-Lessing, 

A. Huntzelmann, and A. Damour. The relation between agalmatolite and pyro- 
phyllite was shown by G. J. Brush. The best representative formula was given 
oy G. A. Kenngott, Al2O3.4SiO2.H2O, or H2Al2Si40i2> or HAlSi20e. Other 
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fotmulffi were suggested by J. Morozewioz, and T. Lowinson-Lesninff Ti i 
remded the pyrophyllite of Pyshminak as a mijcture of pytophyili J ■ ui r 
II81O2.3H2O, wbch 18 opticaUy negative, and Vseudo-mroliulemM utn 
PSiOsMaO, wUch is optically politive. F W ClaAeTnd r 
H. C, Ml H 0 .A 1 ,Ko, : ..d k: 8 l„"Ld"i tSsj' 


O^-SiO.O. A1 /O.SiO. „ 

OH OH 

B> Scharlzer's formula. 


A1.0H 

0 

6 6 0 


^0' 


Al.OH 

W. Vernadsky’s formula 


K. von Chroustschoff claimed to have obtained a zirconiferous pyropliyllite by 
heating a mixture of silicic acid, water, alumina, and zirconia to dark redness • and 
E. Baur, and M. Schlapfer, pyrophylUte, by heating a mixture of silicic acid, alulnina, 
and potassium silicate in an autoclave. Pyrophyllite is a crystalline mineral btdong- 
ing to the rhombic or monoclinic system. It occurs as a 
compact mass of small crystalline plates or radiating 
fibres. It is more or less translucent, and coloured white, 
grey, yellow, green, or brown. It has a greasy feel, and 
a dull matte or mother-of-pearl lustre. A. Michel-Levy 
and A. Lacroix found the refractive index is r58 ; and the 
double refraction, 0'041. A. des Cloizeaux showed that the 
axial angle 2F=62"; and 2E^.m° 28' at 170, and this 
diminished with a rise of temp, to 105° 30' at 135°. The 
hardness is nearly 1 ; and the sp. gr., 2 '8-2 *9. H. le 
Chatelier observed the variations of temp, when the 
mineral is heated ; and J. W. Mellor’s heating curve 
is indicated in Fig. 123. R. Wohlin, and J. L. Stuckey 
obtained a similar curve. Pyrophyllite loses an appreciable 
(luantity of water at about 500° ; thus after heating 2 hrs. at r)00° the mineral lost 
0‘33 per cent., kaohnite under the same conditions lost nearly all its combined 
water. The combined water is given off at about 7(X)°. G. Tammann found that 
when confined over sulphuric acid with a partial press, p of water vap., [jyro- 
phyllite lost the following percentage amounts of water : * 



'I’lio Ibiating 

(’urve of Pyropliyllito. 


p . . . 15-72 14-65 12-4H 9 11 , 6-05 2-93 011 

Loss . . 0-000 0-027 0 035 0-039 0 050 0 059 0 060 per cent. 

J. W. Mellor and co-workers obtained higher values. Pyrophyllite swells to 
twice its bulk when heated. A. Johnsen studied the optical properties of 
the mineral. E. S. Larsen gave for the indices of refraction a~l’552, 
P~l'bSS, and y=:l’600. F. Cornu found that the moist powder reacts alkaline 
to litmus. The mineral is but slightly attacked by aq. soln. of sodium carbonate, 
but, according to F. W. Clarke and G. Steiger, and H. C. MacNeil, when the pyro- 
phyllite has been calcined, about 2*84 per cent, of the silica becomes soluble in that 
menstruum ; and when calcined in ammonium chloride vap., about 6 per (;ent. 
becomes soluble. K. D. Glinka studied the action of potassium hydroxide on 
pyrophyllite. Pyrophyllite is but slightly affeqjbed by hydrochloric acid ; while 
sulphuric acid decomposes it with the separation of gelatinous silica. Some 
varieties of agalmatolite were employed by the Chinese for carving figures ; it 
has also been used for making slate-pencils since it leaves a white trace on slate— 
hence the name pencUstone. 


T. Soheerer’^ applied the term lardile to a greenish agalmatolite analyzed by T. Thomson. 
A light greenish.white variety of pyrophyllite waa found by C. W. von Gumbel at Nord- 
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hslben, Oberfranken. Tlie mineral was analyzed by F. von Kobell, and A. Terreil, and 
named gUmbeUte. C. W. Blomstr^d found reddish fibrous aggrega^ in the pyrophyllite 
of Vestana, Sweden, and named the mineral vestanUe or westanUe. The composition 
approximates AI^Oa.SiOj.JHjO, and P. Groth r^arded it as a hydrated andalusite. 
K. F. Peters found a granular raicrociystalline mineral in the limestone of Biharberg, 
Hungary, and named it biharite. W. Haidinger considered it to be a variety of agalmatolite. 
A fibrous variety of agalmatolite was foimd by T. S. Hunt at Stanstead, Canada, and 
named neuroliie — from vtOpov, a fibre or tendon, T. S. Hunt, and T. Thomson analyzed 
the mineral, and the results show that it approximates in composition to pyrophyllite. 
A. H. Church described a massive greyish-green agalipatolite-like mineral from the 
Restormel Mine, Cornwall. He called it restormeUU. The hardness was 2, the sp. gr. 

2 '68, and the analysis 46'66, SiOj ; 36i0, AljOs; 1*11, FeO ; 0*86, MgO ; 2*30, KgO ; 
4-31), Na/); 11*68, HjO. 
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, §36. Pottoy 

The potter’s art has been so universally practised that there is probably no nation, 
whether barbarous or civilized, which could not contribute some interesting pages to a 
general history of pottery ; whilst in almost every country it would be founi^ that the 
state of this art at any particular time is a tolerably fair test of the degree of civilization 
to which its people had attained. — S. W. Baker. 

The potter’s art, in its more primitive forms, has been practised from the 
remotest of prehistoric times in various parts of the' earth. Only a few peoples 
have been found to be unacquainted with the fictile art-~e.^. the natives of 
Australia, New Zealand, and some Polynesian islands ; the nomadic tribes of 
Siberia ; the natives of the extreme south of South America, and South Africa ; 
and of the north-western region of North America. The art as practised to-day in 
some parts of Africa represents a very early stage in the manufacture of pottery. 

Joinil poUr.ry found in the soil of the country from Hanover to Thiuingia, and 
Boiiemia, was once thought to grow naturally like truffles in the ground. J. Matthesius,^ 
B. A. BalbinuH, and others luwl no doubts and they quotetl irrefutable proofs, if such 
wore needled, that these pots, oUob foamles as B. A. Balbinus (tailed them, were the result 
of nature s parturient forces. It was argued that to question the fact was nothing short 
of heresy ; die! not the Psalms (139. 16) refer to “ the ve.ssol8 formed within the earth ” ? 
It was some time before the sceptics were able to show that the ollca foasiles were really 
cinerary urns from the burial ground of indigenous tribes living in North Germany long 
before the Koman invasion. Those vessejs represent an early stage in the manufacture 
of pottery. According to L. von Ledebur, in 1838, about two thousand pamphlets and 
books had been written on the cinerary urns of Germany. 

Fragments of fired bricks have been found by borings in the Niki basin. From 
their depth, and assuming that the rate of deposition of the Nile mud has been 
continuously the same in past times as it is at present, it has been estimated that 
the bricks are oyer ten thousand years old. The tombs of ancient Egypt, 2 however, 
furnish the earliest definite evidence of a refining of the technique of this fictile art. 
Terra-cotta vessels, common to most primitive civilizations, have been found in 
the tombs of Memphis, and these are estimated to belong to the period 5(X)0-3000b.o. 
The Egyptians practised the compounding of bodies, glazing, and enamelling long 
before these arts were acquired by any other nation. Scenes from Egyptian life in 
the period 30(K)-170() b.c. have been found depicted on the walls of tombs at 
Thebes representing the making, Fig. 
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Fio. 124. — Throwing Pottery in 
Ancient Egypt. 

ovens. Glazed earthenware, made in the period 3000-1700 B.c., has been 
found in the pyramid of Saggareh. The decorations of the temple of Tell-el- 
Yadouai, built by Raraeses III, show that the potter’s art was well advanced 
between 1700 and 500 b.c. The Egyptian potter’s wheel is not essentially 
different from that employed to-day." According to H. le Chatelier, samples of 
pottery from Saggarah (Memphis) show that the Egyptians made real porcelain. 
The description and analyses, however, agree better with the assumption that the 
pottery in question was a more or less opaque glass. Some statuettes found in 
Egyptian tombs are usually thought to have been carved out of natural sandstone, 
and covered with a cupriferous sodium silicate glaze. H. le Chatelier assumes that 
the body was artificiaUy made. There are several biblical allusions to the potter’s 
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Fig. 126. — Firing Pottery in 
Ancient Egypt. 
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art — Jeremiah 18 . 1-6. It may be added that the potter’s ovens depicted in 
Fig. 125 seem to be of a type similar to many of tflose used by the Romans ; and 
these in turn pass by an easy transition to the intermittent ovens used at tlie 
present day. 

The bricks from Chaldean and Assyrian ruins show that these peoples were 
adepts at the work, but whether or not their knowledge was borrowed from 
Egyptian sources no ojje can say. The ruins of Nineveh and Babylou furnish 
bricks sometimes coloured with blue, grey, or yellow glazes. The traditions of the 
Assyrian potters seem to have stimulated the Persians, who acquired grmt skill in 
the art of glazing. The beautiful turquoise-blue cupriferous glaze of the Persian 
tiles has never been surpassed. The potter’s art was carried to Greece. The 
Mycenean pottery is referred to in Homer’s Iliad ( 18 . 560).3^ Although the Grecian 
potters produced some magnificent ware, they did not specially devt'lop the 
methods of glazing so well employed by their neighbours, the Persians. Tlie term 
ceramic comes from Greece. The potteries of Athens were located at Keramis, 
and the inhabitants— mainly potters— were called Kerameis.^ The term (Uiramic 
thus came to be employed for the potter’s art ; and by an easy transition the term 
ceramic art was applied to the clayworker’s art generally. In Pliny’s time, 
beautiful pottery was made in several towns both in Greece and in Italy. The 
Roman potters w'cre stimulated by contact with the Greeks, and are noted for 
the Etruscan ware made in Etruria, aud the red samian ware used for domestic 
purposes. • 

The secrets of the art of glazing ^ pottery passed from the Persians to the 

Arabians. The Moors carried the art into Spain, and it then passed on to the 

Island of Majorca. This gave rise to the name majolica — an old Tuscan name for 
the island. A similar kind of ware made at Faenza, Italy, in the thirteenth 
century, was called faience. The art of glazing pottery with plumbiferous 
and stanniferous glazes was practised in several places in Europe during 
the latter part of the Middle Ages. It has been suggested that in the 
twelfth-century Latin work, De inrest igaiione magisteriiy attributed to Geber, 
the instruction to evaporate a soln. of salt in vase terreo 'plmnbato refers 

to an earthen vessel coat(‘d with a plumbiferous glaze. Albertus Magnus, 

in the thirteenth century, in his De akhymia, mentioned the use of red-lead 
for glazing pottery ; in the fourt(‘.enth century, P. Bonus, in his Margarita pretiosa 
(1330), spoke of the use of tin and lead oxides in this connection ; and in the 
sixteenth century, D. Agricola gave some glaze recipes ; while J. B. Porta indicated 
the use of lead oxide in making glasses to imitate precious stones. According to 
B. Laufer,® the production of glazes in Western Asia stimulated the Chinese to 
develop the idea. It is probable that the Chinese were making porcelain towards 
the end of the sixth century, and they had attained a very high skill in the art 
during the Tang, Sung, and Yuan Dynasties, 618-1367 a.d. The importation 
of Chinese porcelain into Europe by Eastern traders acted as a great stimulus on 
the European potters. 

According to A. Foresi,^ the Venetian glass-makers imitated the Oriental 
ware by heating mixtures of an impure china clay, sand, and glass. R. A. F. de 
Reaumur likewise, in France, obtained an imitation by a similar method, and also 
by the devitrification of ^hss—porcelaine par devitrification. This subject was 
discussed by W. Lewis, A. Dartigues, and L. B, G. de Morveau. The discovery 
of the mode of manufacturing porcelain M<y8^n early in the eighteenth century 
has been mentioned in connection with china clay. The two letters of P^re d ’Entre- 
coUes, a Jesuit missionary in the pottery district of China, reached Europ«* about 
this time. The first letter is dated Sept. 1, 1712. These letters contained some 
acute observations on the methods employed for manufacturing porcelain in 
China. The art gradually spread through Europe in spite of the elaborate pre- 
cautions at Meissen to keep the procedure a secret. The first clear description of 
the Meissen process was publish^ by N. C. de Milly in his Vart de la porcelaine 
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(Parifl, 1771). Experiments 04 the properties of the materials were made by 
J. H. Pott, L. L. B. de Lauraguais, J. P. J. d’Arcet, B. Palissy, J. E. Guettard, 
P. J. Macquer, etc. W. Cookworthy’s discovery of china clay in Cornwall, about 
1755, led to the manufacture of porcelain in England, about 1760, 

the remains of Celtic pottery, made in England in pre-Roman times, 
consist mainly of sepulchral urns, drinking cups, vessels for food, and incense 
pots. The Romans established potteries in Kent, London, Essex, Buckingham- 
shire, Dorsetshire, Wiltshire, Hampshire, Norfolk^ Cambridgeshire, Lincoln- 
shire, Yorkshire, Shropshire, and Staffordshire. The ware produced in the 
different districts had its own characteristics determined largely by the 
character of the local clays. A red ware, sometimes called English samian, was 
made in Staffordshire, and in some other counties. After the departure of the 
Romans, the potter’s art in England seems to have relapsed into its original 
barbarous state. The recovery was slow. About the middle of the seventeenth 
century, the importations of Oriental, Dutch, French, and German ware seems to 
have excited public taste and stimulated the curiosity of potters. The work of 
J. Dwight, J. 1*. and D. filers, J. Astbury, J. Twyford, Josiah Wedgwood, etc., 
raised Knglish pottery to the highest degree of excellence, which has ever since 
been maintained. 

It is impossible to compile a set of mutually exclusive definitions of the various 
types of pottery, because one type merges into another by insensible gradations. 
Most types of pottery are made from* mixtures of clay, felspar, and quartz. The 
right proportions of these components for the desired type of ware may occur 
naturally in the clays. Such clays are usually coloured buff or various shades of 
rod, ami in the latter ease furnish the so-called terra-cotta, red and buff flooring 
tiles, flower-pots, varieties of stoneware, etc. The ware may or may not be glazed 
with a plumbiferous or with a leadless glaze, and certain colouring oxides may be 
mixed with the glaze to im})art to it a desired colour. Drain-pipes, etc., may be 
glazed by introducing sodium chloride in the fire-mouths of the oven or kiln near 
the finish of the firing operation. The salt partly decrepitates and partly volati- 
lizes ; and part is hydrolyzed by the steam. The final result is to cover the ware 
exposed to the fumes with a glassy film^saU-gtaze.. 

For white pottery, the scarcer white-burning clays are used. Jn one of the 
simplest cases, the clay may be intimately mixed with about twice its w^eight of 
felspar, moulded into the desired shape, and fired. This furnishes the so-called 
parian which has a translucent and vitreous body, and which may or may not be 
afterwards giazed. The body of finglish earthenware is made from a mixture of, 
roughly, Cornish stone, 15 ; flint, ‘30 ; ball clay, 25 ; china clay, 30. The colour of 
ball clay when fired is objectionable, but the clay is used because it is highly plastic. 
The available china clay is not sufficiently plastic if used alone. The Cornish stone 
contains enough felspar to serve as a flux or matrix. When the moulded and dried 
Ware is fired in the biscuit oven in an oxidizing atmosphere to about 1100°, the flux 
acts us a cementing agent binding the whole into a durable body. The biscuit body 
may be decorated, in suitable designs and colours — underglaze decoratioiv—oi it 
may be left white. The body is then dipped in a slurry or slip in which the powdered 
glaze is suspended. The molar composition of the glaze approximates : 


0'4PbO 

0'3CaO 

0-3{K,Na),O 


»0*28Al,O 


l30SiO, 

n 06 p,Q, 


0’3(K,Na),O 

0-7CaO 


0-38A1,03 


(3-8SiO, 

lO-OBjO, 


according as a lead or loadless glaze is required. Some of the substances used in 
compounding the glaze are fritted with suitable proportions of some of the other 
materials. Part or all the “lead ” may be included with the frit. The dried, and 
dipped ware is then fired in the glost oven at about 1500°. The glazed ware may 
be decorated by painting or printing on the glaze with mixtures of fusible frits 
and metal oxides to give the desired coloui-m-gkze decoration. The ware is then 
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fired in muffles between 800° and 900°. Glazed ware may also bo gilded with a 
kind of lustre-gold or with a form of gold which! requires burnishing after being 
fired. Lustres may also be produced on the glaze by painting the glaze with 
bismuth nitrate, etc., suspended in a medium of oil, and afterwards firing. 

As previously indicated in connection with china clay, hard porcelain, porcelaine 
dur, or felsj^hic porcelain, is made from a mixture of felspar, quartz, and clay in 
the approximate proportions 1:1:2. According to the analysis of W. L. Howat,® 
the so-called MarqmrCs porcelain used for making pyrometer tubes, has the 
composition 35' 12 per cent. Si 02 ; 63*20 per cent. AI 2 O 3 ; and 165 per cent. K^O. 
F. H. Riddle based a process of manufacturing these tubes on this analysis. The 
moulded and dried porcelain ware is baked at about 900° usually by the waste 
heat from another oven. The baked ware is dipped in the glaze which approxi- 
mates in composition to felspar. The body and glaze are fired together ujJ to the 
required temp., 1400°-1600°. The atm. is reducing, and this imparts a very faint 
bluish tinge to the white colour of the ware ; if fired under oxidizing conditions, 
the colour is cream or pale yellowish-red. In some cases, the maturing temp, of 
body and glaze is lowered by mixing a small proportion of lime with the glaze and 
body ; in rarer cases, magnesia is used. The effect of lowering the firing temperature 
of the body with additions of lime is to narrow the margin of safety between over- 
fired and under-fired ware. Some of the early porcelains had steatite for a flux, 
and the same flux, or its equivalent, is used as a constituent of the body of spark- 
ing plugs and some similar types of ware.* In the jasper body, barium sulphate 
or carbonate is used as a flux. 

The so-called soft porcelain, porcelain tendrc, or fritted porcelain, was once a 
speciality of the Sevres factory. The body was made from a calcareous marl 
admixed with an alkaline frit, and glazed with a plumbiferous glaze. Practically 
all the English porcelain, or bone china, is made from a body containing rather less 
than 50 per cent, of bone ash in admixture with nearly equal parts of china clay 
and Cornish stone. The body is fired near to 1200 ° in an oxidizing atm. There 
are special phenomena connected with the decomposition of the calcium phos- 
phate when the ware is a little over-fired, if an excess of clay is present, or if 
reducing conditions obtain. A lead or leadless glaze is applied to the biscuit and 
fired at about 1050°. 

The silicate industries are usually concerned with certain reactions which are 
not allowed to pursue their full course, but which are arrested at definite stages of 
their progress. The success or failure of the industrial operations is determined by 
the arrest being made at precisely the riglit stage. These arrested reactions were 
discussed 4 . 31, 33.*^ In the different kinds of pottery, the flux begins its work of 
di.ssolving the clay and ([uartz or flint in the vicinity of 1000 °, and the speed of the 
action is greater the higher the temp. The result is that the particles of clay and 
quartz appear to be cemented together by a felsjiathic or other glassy matrix, 
The (diange has not progressed very far in earthenware and similar types of body, 
but in the porcelainic bodies, the proportion of glassy matrix is so large that it 
makes the body appear translucent in moderately thick layerq. For the develop- 
ment of sillimanite crystals in pottery, vide aluminium silicate. 

A series of so-called vitreous bodies come between porcelain and earthenware. 
These are represented by the nwrtar bodies used in making Wedgwood-ware mortars 
and pestles ; granite ware ; ironstone-china ; stone-ware , sanitary ware ; etc. 
The earthenware bodies are porous ar^ ab^rj^ liquids, the porcelain bodies are 
glassy with a conchoidal fracture and are virtually non-absorbent. Those vitreous 
bodies approaching the porcelain stage pass the so-called red-ink test in which a 
drop of red ink placed on the body can afterwards be washed off without showing a 
stain. The distinction between the bodies of different types of ware is perhaps as 
much a question of time and temp, of firing, as of composition. Otherwise expressed, 
the different bodies represent different stages of progress in an arrested reaction. 

In order that the firing temp, may not be inconveniently high, and the time 
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inoidiufttely long, the proportion of fluxes may be augmented. No particular 
value, however, can be attached* to proofs that a given type of ware is porcelainic 
solely because its composition is like that of any particular type of porcelain. ^1 
the clay-felspar-quartz (or flint) bodies become porcelainic with the right fixing 
conditions. The margin of safety represented by the percentage loss in manufacture 
may be greater with some mixtures than with others. 

The measurements of some properties of what h^ been described as 
porcelain, probably refer to the less vitreous, mor^ porous earthenware. The 
coloui of porcelain depends on the nature of the atm. which obtains in the 
oven at different stages of the firing ; and on the porportion of contained iron 
oxide. The effect of the small proportions of titanic oxide usually present 
in clays is not appreciable. A very small proportion of lime reduces the 
tinctorial power of iron oxide. The colour can be controlled by using blue smalt 
or its equivalent to mask the yellow colour produced by iron oxide in an oxidizing 
atm. K. H. Reichau, and others, have studied the minute structure of porcelain 
--vide, sillimanite. The specific gravity of the porcelain body fired to about 
700'’ is 2‘()0-2'62, but when fired at higher temp., the sp. gr. falls to about 2*3. 
This was shown by A. Laurent,!^ G. Rose, etc. A. V. Bleininger and J. K. Moore 
studied the sp. gr. of porcelain. The hardness of porcelain is nearly 7, and that of 
the glaze nearly 6 . S. L. Bigelow measured the permeability of unglazed porcelain 
(earthenware) for liquids at different temp, and at different press. ; and S. L. Bigelow 
and F. £. Bartell estimated the siza of the pores in porcelain (earthenware). 
H. le Chatelier also made observations on the porosity. A. V. Bleininger and 
J. K. Moore studied the porosity of porcelain. Glazed porcelain should be imper- 
meable to gases at temp, as high as 1300°. A. V. Bleininger and P. Teetor measured 
the viscosity of different porcelain bodies between 1100° and 1320° in terms of their 
deformation under tensile strain. According to R. M. Friese, and R. Rieke hard 
porcelain has a tensile strength equal to about 1000-2000 kgrms. per sq. cm. 
H. le Chatelier reported some measurements of the tensile strength. R. Rieke 
found china clay increased and felspar decreased the tensile strength of porcelain. 
E. Rosenthal studied the effect of composition on the crushing strength of porcelain. 
R. M. Friese, and R. Rieke found that the crushing strength is about 4000-5000 
kgrms. per sq. cm. ; the compressibility coeff., I’4xl0~6 or r8xl0~<^; and the 
elastic modulus, 54, (X)0-71,0(X) kgrms. per sq. cm. H. le Chatelier reported some 
measurements of the coeff. of elasticity. The velocity of sound in porcelain 
approximates 5000 met^res per sec. Many observations have been made on the 
thermal expansion of porcelain. H. St. C. Dcville and L. Troost found the coeff. 
of cubical expansion of porcelain t« be between O’OOOOIG and 0*000017 between 0° 
and 1500°. L. Holborn and W. Wien gave for the coeff. of linear expansion 0 * 0544 . 
R. C. Purdy and A, P. Potts found the coeff. of expansion ranged between 0*0525 
and 0 * 0560 . A. Weinhold gave 0*05269 between 0 ° and 100 ° ; F. Henning, 
O O 5 I 77 between —191° and 16° ; 0*05336 between 16° and 250° ; O O 53645 between 
16° and 500° ; and 0*054340 between 16° and 1000° ; and A. E. H. Tutton O O 52522 
at 0° ; 0*053265 at 5Q° ; 0*064008 at 100° ; and 0*064305 at 120°. This shows that 
the higher the temp, the greater the coeff. of thermal expansion. T. G. Bedford 
gave (3*425-f0*00214^)lCr« up to 830° ; and L. Holborn and E. Griineisen found 
for two different samples (3*027 -{-0*001177^)10^, and (3*188-f-0 00036fl)10“® up to 
625°. R. Rieke observed no relation between the composition and thermal 
expansion. Observations were also^m^de by L. Holborn and co-workers, K. Scheel, 
H. le Chatelier, E. Damour, M. Coupeau, and M. Chantepie. T. G. Bedford gave 
for the linear expansion at fl° between 0° and 600°, /=io(l +0*03425^ -f 0*08107^2) ; 
and for the cubical expansion, t;=Vo(l+0*04l0275fl-|'0*08324fl2). F. Singer and 
E. Rosenthal gave for the linear coeff. of Berlin porcelain 0*06177 between - 191* 
and 16° ; 0*05366 between 16° and 250° ; 0*053645 between 16° and 500° ; and 
0*05434 between 16° and 1000°. Porcelain from other sources gave O O 5269 -- 
0*054305 from 0°-100°. R. Rieke also gave 0*05343 between 23° and 200°, and 
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0*05356 between 23® and 700®, J. W. Mellor found that the higher the tiring 
temp, of floor-tiles the smaller the coeff. of thermal expansion, and G. Vogt, and 
R. Rieke made a similar observation with respect to porcelain. R. Rieke found 
that the coeff. of expansion is lowered by increasing the proportion of felspar and 
lowering the quartz or flint, and keeping the clay constant. The expansion coeff. 
of porcelain is smaller than that of glass, and in consequence, such porcelain resists 
abrupt changes of temp, better than glass— wVfe supra, clays. The thennal con- 
ductivity of porcelain fs about 0*04 when that of silver is 100 ; and the conductivity 
on the absolute scale is 0*iJ. The thermal conductivity increases with a rise of 
temp.™ vide supra, clays. W. Steger found the mean specific heat of porcelain 
between 20° and 200® to be 0*202, and between 20® and 400®, 0*221. J. A. Harker 
gave between 15® and 912®; 0*2563 between 15® and 958°; and 0*2539 between 
15® and 1075®. F. Singer and B. Rosenthal gave 0*202 from 20®-2(X)‘\ and 0*221 
from 20®“400 — I'ide supra, clays. W. Steger discussed the translucency of 
porcelain. D. Hofmann, J. H. Pitt, and G. de Razouniowsky noted the 
triboluminescence of porcelain. 

The electrical conductivity of porcelain at ordinary temp, is extremely small. 
The temp, coeff. is large and positive. G. Fossereau found that the electrical 
resistance approximates 215 X 10^ megohms at 50° and 051 megohms at 210®. 
The subject is important in the manufacture of insulators for high-tension eurronts. 
As the temp, rises, the resistance decreases rapidly. H. F. Haworth gave for the 
sp. conductivity c of porcelain at different temp. 

1*63* 20*60* 30*87* -10*6*2* 60*40* 69*]2* 04*8l)“ 81*93* 

cXlO'o . . 0 49272 1*988.3 .5*0210 11*288 26*693 66*273 110 75 48.5*67 


F. Haber and co-workers found that the conductivity of porci'lain is ap])reciable 
at and at higher tem[). it conducts electrolytically, and it is therefore decom- 
posed by the current. M. Pirani and W. von Hiiuneim represented the relation 
between the resistance R and the absolute temp. T by log A’v-a j hT~^, where 
a and b are constants dependent on the typo of 
porcelain in use. One sample had a resistance 
of 1*098 megohms at 613®, and 68,700 ohms at 
900® ; while another had a resistance of 100,000 
ohms at 727®, and 3400 ohms at 1292®. 

K. G. Allen found the results indicated in 
Fig. 126 for two samples of electric porcelain. 

Observations have been reported by W. Dietricli, 

F. Fleischmann, G. Stade. G. Beiiischk^*, 

B. Rosenthal, A. V. Bleininger and co-workers, 

B. S. Radcliffe, E. F. Northrup, B. P. Barhart, 

A. V. Henry, B. Wntkin, F. H. Riddle, 

F. Wernicke, H. F. Haworth, .J. Lustgarten, 

W. 1). A. Peaslee, T. M. Feder, L. B. Barringer, 

E. B. T. Creighton, etc. Good insulators may 

deteriorate with use, and what appears a non-porous body may accpjiro a certain 
porosity. W. D. A. Peaslee attributes this to a piezoelectric effect in the quartz 
grains which have not been dissolved by the vitreous magma of the body in the 
tiring. The alternating electrostatic field sets up a kind of vibratory movement in 
the crystals which may rupture them along the cleavage planes, or along the lino of 
contact of the crystal with the surAunding* magma, R. M. Friese found the 
didectric constant of porceUin to be between 4*5 and 5*3. H. F. Haworth gave 
for the capacity K, of porcelain in microfarads at different temp. : 

00063010 



Kio. 126. 'rr(Ujporatim3 on 

tho Klectrioal JtcHiHtaru’e of 
rorcolains 


K 


0*0011170 


19 * 92 * 

0*0013803 


44 * 04 * 

0*0023920 


60 * 60 * 

0 0035531 


99 * 00 * 

0 0098226 


R. Rieke observed no relation between the dielectric strength and the composition 
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of porcelain. A. S. Watts found that the panctwe ?oltag6 of vitreous bodies, the 
so-called electrical porcelain, varies but little with the composition or matur- 
ing temp, of the body. E. Rosenthal studied the influence of composition 
on the puncture voltage. A. S. Watts found that the resistance to puncture is 
much less when porcelain is under-fired than when properly vitrified. C. E. Hen- 
derson and G. 0. Weimer observed that raising the temp, from 24°-525“ lowered 
the puncture voltage from 60,700-20,000 volts. The properties of porcelain for 
high-tension insulators have been discussed by M. F. Dahl, etb.^^ 

Porcelain, if not thoroughly vitreous, or well glaze'd, may be pervious to gases 
and air. J. Priestley ^2 drew some wrong conclusions on the conversion of water 
into air by not allowing for this fact pointed out to him by J. Wedgwood. 
C. H. Pfafi discussed tlvi permeability of retorts to gases. The fact that solid 
carbon diffuses into })orcclaiii crucibles and cups has been established by the work 
of J. Violle, and S. Marsdeii. Porcelain is fairly resistant towards chemical re- 
agents ; and the glaze of hard porcelain is usually more resistant than glass. 
Acids other than hydrofluoric acid have but a slight action. The evaporation of 
hydrociiloric acid soln. in glaz(id porcelain basins day after day causes an appreci- 
able erosion ; alkaline soln. attack rather more quickly than acids. A. Emmerling 
studied the action of water, dil. hydrochloric acid, aq. ammonia, soln. of ammo- 
nium chloride, etc., on porcelain glazes-— wde glass. Fu8(‘d alkali hydroxides and 
carbonates and lead oxide attack porcelain quickly producing, in the former case, 
a mass readily decomposed by acids. Porcelain is attacked by heated phosphoric 
aci d, and more so by hypophosphorous acid. H. von Wartenberg found that many 
metals in a reducing atm. attack porcelain above 12(X)‘^, forming silicon and silicides ; 
hydrogen alone above this temp, also forms silicon ; and chlorine attacks the iron 
silicates in porcelain : 3Fe2Si04-f SCU— 2FeCl;^4-Fe4(Si04)3. * W. Nernst and 
H, von Wartenberg found that water vapour also attacks the iron in porcelain 
above 1200°. 
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§ 87. Glass 

The manufacture of glass appears to have originated in Egypt. It is possible 
that the glass industry developed from the art. of glazing pottery. Egyptian 
pottery was first glazed with the idea of making vessels water-tight and durable ; 
and the glaze was afterwards employed for producing decorative effects. This 
view of the origin of glass appears to have been taken by H. B. Walters, ^ W. Frohner, 
G. Perrot and C. Chipiez, A. C. Kisa, etc. How glasses or glazes came to be dis- 
covered is unknown. In the first century of our era, tliny, in his Historia naturalis 
( 88 . 65), related the following story : 

A ship laden with nitrum was moored beside the river Belus, in Phcenioia, and the 
merchants preparing their food on the sea-shore, used some lumps of nitre from the vessel 
to support their cooking-pot over the fire. The heat from the fire melted the niirwn, 
which combining with the sand formed transparent streams of an unknown liquid. This 
was the origin of glass. 


Modified versions have been repeated by B. Palissy, A. Neri, etc. J. Beckmann 
discredited the legend, although there is nothing improbable in some such mode of 
discovery. According to J. du Halde, the Chinese made glass in the district of 
Yen-Tsching from very early times. 

The ancient writers attributed the discovery of the art of making glass to the 
Phoenicians, but excavations in Egyptian tomb.s have shown that the Egyptians 
must have been adept glass-makers lopg before the Phoenicians practised the art. 
This indicates that the Phoenicians were probably distributors of Egyptian glass 
before their own factories were established at Sidon. In the work cited above, Pbny 
said that glass was made in Italy, and in the Gallic and Spanish provinces, by 
fusing sand with three times its weight of nitre ; and he added that in India rock- 
crystal was used in place of sand. Bases other than the alkalies are needed to make 
the glass resist rapid attack by moisture. These might have been added deliber- 
ately, or brought in as impurities with the sand or alkabes. Pliny also mentioned 
that there were reports of a vUrum flexible — malkahle glass — vide 5. 33, 1. This 
recalls the Delhi flexible sandstone—wde supra. Pliny wrote : 

It is said that in the time of Tiberius, a combination was devised which furnished 
malleable or flexible glass ; but the workshop of the artist was totally destroyed in order 
to prevent the value of copper, silver, and gold from being depreciated 'I'his report, 
however, was for a long time more widely spread than well authenticated. 


Representations of tlio processes of glass-making are depicted on the walls of 
the tombs of Ben-Hassam near Thebus, 3(X)(l-170() B.C., Fig. 127. These tombs 
• also contain vessels, etc., showing that the 
artisans were not only acquainted with the 
making and working of glass, but also with 
the colouring and cutting of glass in imita- 
tion of the precious stones. F. M. de 
Rozi^;re also found samples of coloured glass 
in early ^yptian tombs. W. M. F. Petrie 
collected at Tell-el-Amarna specimens 
illustrating all stages of the process of 
glass-making about 1400 B.o. F. Rathgen 
gave analyses of antique Babylonian glass. Theophrastus, in his lUpl \idu)v, 
about 300 B.C., mentioned the colqration qf glass by copper ; and in his Clouds^ 
Aristophanes referred to a glass-lens used as a burning glass. From Cicero, it 
would appear that glass from Egypt was greatly prized by the Romans ; so much 
so that when Augristus subdued Egypt, 29 b.c., a portion of the Egyptian tribute 
was ordered to be paid in glass. At the time of Tiberius, Egyptian workmen were 
imported to Rome, and Roman glass rivalling that from Egypt was soon obtained. 
Works were also established in Italy, France, and Spain at an early date. In the 
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second century, H. Philo, in his Dc kgalione ad Caicutn Caligulumy alluded to the 
use of translucent stones as windows in the halls {ind chambers of the emperor’s 
palace, and in the fourth century, L. C. Lactantius, in his De opijicio Dei, mentioned 
the use of glass itself for windows. It is therefore probable that about the third 
century glass was employed in the construction of windows ; but, according to 
L. DutenSjS the excavations of Pompeii, near Naples, show that at that time ks 
saUes de lain iiakrit garniee de fenkres en verre aussi belles que les notres. After the 
fall of the Roman Empire the manufacture of glass was taken up in Byzantium 
( 1 . 1, 12), where it flourished for about five centuries. The fall of the Eastern 
Empire was attended by the migration of the glass-makers to other parts of Europe. 
Many were attracted to the Venetian Republic, and the Venetian glass became 
famous throughout the civilized world. 

In the early Middle Ages, glass-making was t^iken up in Germany ; and in his 
De re metallica (Basilise, 1546), G. Agricola gave a drawing of a glass-furnace ; and 
shortly afterwards J. Mathesius, in his Sarepta (Niirnbcrg, 1562). described the 
practice employed in Venice, Germany, and Bohemia. A. Ncri 3 published a number 
of recipes in 1612, and some yi'ars afterwards this work was elaborated by 
J. Kunckel. 

The factories in different localities acquired fame for some peculiarity in manu- 
facture ; the Bohemian manufacturers, for example, excelled in the ])roduction of 
colourless glass rivalling that from Venice. The manufacture of glass in Bohemia 
suffered a relapse owing to the heavy import duties levied against it, and the 
inducements held out to Bohemian workmen by foreign countries. Both the 
Venetian and Bohemian glass industrie.8 were revived in more recent years. The 
manufacture of the better types of glass in France commenced in the eighttnmth 
century in factories erected first at Paris and then at St. Gobain. The latter is now 
famous for the manufacture of plate-glass. According te H. J. Powell, it is 
possible that during the Roman occupation a few beads, small rujis, and bottles 
were madi' in England ; but the resemblance of the scatten'd vessels and frag- 
ments of vessels to those found elsewhere makes it probable that there were only 
a few centres of glass manufacture in the Roman empire, and that th(' vessels 
were distributed from these to various part.8. Glass was manufactunul in England 
in the thirteenth century, for the industry was in existence at Chiddingfold, Surrey, 
in 1220. The south-eastern counties— Surrey and Sussex in particular— were 
favourite sjmts for the native glass-makers from the thirteenth to the sixteenth 
centuries. Glass was manufactured in Russia in the sev^iteenth century ; and, 
in the United States, near the beginning of the nineteenth century. 

Theophilus, in the latter half of the eleventli century, related that, in Italy, 
flint glass was used for imitating gem-stones, and added that the Jews were engaged 
in the manufacture of the.se imitations. Towards the end of the eighteenth century, 
J. Strasser, of Vienna, was famous for his skill in this work. He made a flint glass 
very rich in lead, and of high refractive power and sp. gr., which was called strass, 
and which was tinted with the necessary colouring 0xide.s--c.5f. 0’8 per cent, of 
chromic oxide to imitate the emerald ; a mixture with 0'8 per cent, of manganese 
oxide, 0'5 cobalt oxide, and 0’2 goM purple, to imitate the amethyst. A. B. Kyley, 
in his Old Paste (London, 1913), has discussed this subject. 

Ordinary glass is a fused mixture of silicates of the alkalies and alkaline earths 
which lias congealed without crystallization. The molten mixture on cooling 
passes through various stages of viscosity, until, when cold, it furnishes a hard 
and brittle solid. There is no sign of a f.f . on ^e cooling curve ( 1 , 9, 6). The simple 
silicate of potassium or sodium, or a mixture of the two, even when a large pro- 
portion of silica is present, is attacked by water and acids ; so also is calcium 
silicate glass. A mixture of alkali and calcium silicates is fairly fusible, but under 
ordinary conditions it furnishes a glass which resists the action of water and acids 
very well, and this the more the greater the proportion of silica and alumina which 
may bo present. For special purposes, the calcium silicate may be wholly or 
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partly replaced by other silicates — e.g. those of barium, lead, magnesium, zinc, 
Hthium, didymium, arsenic, antimony, etc. — and the silica may be in part replaced 
by boric oxide, phosphoric oxide, etc. For lead glasses, see pottery glazes, and 
lead silicates. 

The more .common types of glass are represented by (i) soda-lime glass with 
71-78 per cent. Si02 ; 0-2, K2O ; 12-17, Na20 ; 5-15, CaO ; and 1-4, AI2O3 
4-Fe203. It fuses at a comparatively low temp., and can be easily worked. It is 
used in making glass tubes, laboratory apparatus, window glass, and plate-glass. 
In the latter case it is called crown glass ; (ii) 'poiash-time glass, also called Bohemian 
glass, with 72-76 per cent. Si02 ; 12-15, K2O ; 0-3, Na20 ; 8-10, CaO ; and 
about one per cent, of Al203-f Fe203. It fuses at a higher temp, than soda-lime 
glass, and it is used for jnaking chemical apparatus, combustion tubes, etc. 

Cotiimon hoUle glass is usually coloured yellow, brown, or green owing to the presence 
of a relatively liigli proportion of ferruginous and other impurities. The composition 
approximates: 60-65 per cent. SiOj ; 3-6 per cent, alkali oxides; 18-20, CaO; and 
6-11, Al^OsH-Fe^Oj. 'J’he raw materials used in the manufacture of this glass are not 
selectofl with such care as is the case with other types. Common sand ; wood-ashes ; 
by-products from the alkali-works, soap-works, and gas-works ; common salt ; salt- 
cake ; and felspathic rocks represent some of the cheap raw materials which have been 
used. A. F. Gehlen * discussed the use of Glauber’s salt as a source of the alkali. 

A third type of glass is represented by the potash-lead glasses, and jlint glass. 
Such glasses have 40-50 jier cent. SiOo ; 8-11, K2() ; 28-53, PbO ; and about 
one per cent. Al203-f-Fe2()3. Thesei glasses are very fusible and easily worked. 
Owing to the ready reduction of lead silicate to metallic lead, the heating of these 
glasses must bo done in an oxidizing atm. The sp. gr. and index of refraction of 
these glasses are greater than is the case with the other types of glass. This glass 
is not suitable for laboratory apparatus, but it is employed for articles in common 
use, table glass, etc. In the so-called crystal, a higher proportion of lead is intro- 
duced. This glass is used for optical purposes. In strass, mentioned above, a still 
higher proportion of lead is added. 

The 8o-calle,d horo-silicate glasses have many special ajiplications ; such a glass 
is used for making high-temp, thermometers. The so-called Jem glass has zinc 
and barium oxides as ba.ses ; it is specially resistant towards water, and is used 
for laboratory beakers and flasks. A boro-silicate glass, free from alkali, but with 
zinc, barium, and aluminium oxides as bases, is used for photographic objectives. 
A phosphalo-.nlieale glass, with alkali, bar)d;a, and alumina as bases, is used for 
microscopic objectives* [>. M. Dennis and A. W. Laubengayer made glasses with 
germanium oxide in jilace of silica. Glasses are thus made with the idea of enhanc- 
ing particular properties- refractive index, resistance to attack by particular 
liquids, transparency or opacity to particular parts of the spectrum, resistance to 
abrupt temp, changes, high softening temp., etc. Much attention has been 
devoted to the so-called optical glasses.® An extraordinary number of analyses of 
ancient and modern glasses has been reported.® The analysis of a glass, plus an 
elementary knowledge of the available raw materials, soon enables the practician 
to imitate any particular glass ; it may, howew, take the workmen a longer time 
to master the idiosyncrasies of the imitation m order to make its manufacture a 
commercial success. E. Zschimmer, and G. W. Morey discussed the classification 
and nomenclature of glasses, glazes, and enamels. 

The manufacture of ordinary glass is comparatively simple. Glass is made by intimately 
mixing the raw materials requir^ W giwe tht desired composition. The mixture may or 
may not bo exposed to a low temp, to drive off moisture, etc., likely to cause spitting and 
frothing, in the subsequent molting of the glass. The mixture is then placed in large 
cruoiblee made from fireclay, and called glass-poU. These are arranged on ledgee in a 
circular or oblong furnace, and exposed to a steadily rising temp, until the mass is free 
from bubbles, streaky patches, quartz granules, etc. The scum or glass-gall is skimmed 
off. A portion of the molten glass is gathered at one end of an iron rod and blown into 
the required shape. The glass vessels are annealed by slow cooling, or by reheating them 
in an annealing furnace or lehr. The melting of the glass may be done in a tank-furnace, 
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which is an adaptation of the reverberatory furnace. The heat is applied by gaseous fuel 
on the regenerator principle. The automatic blowing machines for shaping glass bottles 
are a triumph of mechtmical skill. • 

These and related subjects are discussed by H. Benratli^ Die OlaefabrikatioH (Braun- 
schweig, 1876) ; F. Tscheuschner, Bandbuch der Gla»fabrikalion (Leipzig, 1885) ; R. Gerner, 
Die Okufabrihation (Wien, 1897); R. Drallo, Die Olasfabrikation (Munchon, 1911); 
R. Muller, Chemische Technologie Qlam (Leipzig, 1911) ; F. W. Hodkin and A. Couson, 
A Textbook of Qlaee Technology (London, 1925). 

In spite of the most careful selection of the available raw materials, guibnieiit iron 
oxide is usually present to impart a pale yellow tinge to the glass matured in on oxidizing 
atm., or a pale green tinge in a reducing atm. Pliny, in liis BiMoria mUuralui (86. 26, 
c. 77 A.D.), spoke of the use of mignea lapis in making glass, and J. Beckmann Sieves 
that a manganese ore is hero implied ; while experimenting on the elTo^jts of different 
oxides on the colour of glass, it must have been noted that when a very small proportion 
of tnagncs lapis was employed, the yellow colour produced by iron was masked and a 
colourless glass obtained. Proportions of manganese oxide in excess of those mquired to 
mask the yellow tinge of iron give violet-reds and browms. Selenium coin|x)\mdM for the 
purpose of bleaching the yellow tinge of iron have been used in recent years. 

In addition to ordinary, clear, colourless, transparent glass, and glasses with 
special colours for arresting particular kinds of rays from transmitted lighl , there 
are glasses stained with particular colouring oxides for ornamental effects. Thus, 
cobalt oxide dissolved in glass imparts a fine azure-blue ; C()j)per oxide in alkaline 
glasses gives a turquoise-blue, and in many glasses an emerald-green, both under 
oxidizing conditions. The ruby-red colour obtained by the use of very small 
proportions of copper oxide under reducing conditions, and the ruby colour obkined 
by the use of gold, have been described (8. '23, 11). A green and a red colour is 
obtained by means of chromic oxide. Manganese oxide furnishes a series of j>ink 
and violet colours in alkaline glasses and under o.xidizing conditions ; and in other 
varieties, manganese oxide produces a brown colour. A kind of Naj)le.s yellow is 
obtained by the use of antimony oxide, by the use of silver salts, and by iron oxide. 
Under reducing conditions, iron oxide may give a gr(‘en colour ; wliile under 
oxidizing conditions a reddish-brown, blood-red, or yellow colour may be obtained 
with ferric oxide. J. C. Hostetter and H. S. Roberts discussed the coloration of 
glass by iron oxide. K. Fuwa studied the yellow colours obtained with e.eria. 
H. le Chatelier and P. Chapuy found that with glazes didymium oxide gave green, 
blue, or violet colours in a reducing atm. ; erbium, violet or blue, in a reducing atm., 
and green or red, in an oxidizing atm. ; lanthunun), violet or blue, in a reducing 
atm. ; neodymium, violet, blue or green, in a reducing atm. ; thalbim or thorium, 
blue or green, in a reducing atm. ; vanadium, blue, green, or yellow, in an oxidizing 
atm. ; titanium, violet, blue, or green, in a reducing atm., and yellow or red, in an 
oxidizing atm. ; molybdenum, blue or violet, in a reducing atm. ; and tungsten, 
violet, blue, yellow, or red, in a reducing atm. A. Granger obtained a yellow with 
tungsten oxide, in an oxidizing atm. K. Fuwa has reported on the colours produced 
by manganese, antimony, molybdenum, chromium, tungst-en, and vanadium 
oxides ; S. D. Whitmer, F. K. Pence, If. Wicks and J. W. Mellor, and T. Perry, 
by nickel oxide ; and K. Fuwa, and T. Cohn, cobalt and cop})eT oxides. 8uli)hide 
impurities in the glass were shown by D. C. Splitgerber, E. Grieshanuner, and 
R. Zsigmondy to produce a yell#w colour. Thomas A(juina8, in his De me et 
menlia minerdium, described a mode of preparing artificial topaz by using smoke 
obtained by placing a piece of aloe-wood over the pot in which the glass was melted. 
Selenium and cadmium oxide may give a red or yellowish-red colour to alkaline 
glasses, and for marking the coloration due to iron oxide. The solenium-red has 
been discussed by F. Kraze,^ P. FenarMi, K FVankl, and 0. Witt ; the effect of 
tellurium, by P. Fenaroli, and of bismuth and stannic oxides, by K. Fuwa. Com- 
bination tints may be obtained by using a mixture of oxides in the right proportions. 
A black glass is obtained by using a mixture of iron, copper, chromium, and man- 
ganese oxides in suitable proportions. The so-called opaque-white glass, or milk- 
glass, is translucent, and the opacity is produced by undissolved particles of calcium 
phosphate, tin oxide, sodium antimoniate, zirconia, or other suitable opacifpng 
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agents. Matte effects are produced by a sand-blast, or by etching with hydrogen 
fluoride in aq. soln. or as a ga^. 

F. Leydolt® found that when the surface of clear, apparently homogeneous 
glass is etched with cone, hydrofluoric acid, and examined microscopically, evidence 
of crystalline formations can be detected. W. Jackson and E. M. Rich made 
similar observations ; and H. E. Benrath said : 

Remembering that the content of silica in commercial glasses is very variable, and 
that at a higher temp, more of this acid can be taken »up than can be retained by the 
glass as the temp, falls the further, felspathic minerals may bo taken up and again separated 
by a molten gloss ; finally, also sulphates, phosphates, borates, metallic oxides, and metals 
(gold) may enter into the constitution of glasses, it would appear that these facts allow 
of no other explanation than that commercial glasses are quickly solidified soln. not only 
of different silicates in each other, but even soln. of basic oxides or silica and the other 
salts and metals, in molten silicate. Whether in all glasses some fundamental silicate, a 
compound— say, NajO.CaO.OSiOj, or Na20,Ca0.4Si02— is to bo taken as the solvent or 
not, must remain n question so long as nothing more is known than at present ; yet many 
of the observations appear to speak for such an assumption. 

J. B. A. Dumas regarded glass as an indefinite mixture of definite silicates ; 
W. Jackson and E. M. Rich powdered various commercial glasses, and separated 
the fractions of different sp. gr. by flotation in methylene iodide, or by elutriation. 
In both cases the fractions had a different composition. They therefore concluded 
that glass must bo considered to be a mixture of various silicates and oxides more 
or less homogeneous according to the method of manufacture. In ordinary crown 
and flint glass the mixture is sufficiently imperfect to allow the constituents to be 
readily separated by grinding ; but the optical glasses show a much greater degree of 
homogeneity. All this means that the congealed soln. of silicates ( 1 . 9, 6 ) known 
as glass is not necessarily homogeneous. This may be largely due to the difficulty 
in adequately mixing such viscid soln. L'analogie du verre avec me geUc was 
discussed by P. Bary, C. Doelter, M. W. Travers, and A. Silverman ; and the col- 
loidal chemistry of glass by R. G. Liesegang. G. Quincke applied his theory of 
foam cells ( 1 . 11, 4) to the structure of glass. T. T. Smith and co-workers found in 
optical glass a difference of ± 2 in the fourth decimal between the indices of refrac- 
tion of the stria) and the rest of the glass. L. N. G. Filon and F. C. Harris’ experiments 
on the elasticity of glass indicated a two-phase system. H. le Chatelier believed 
that above 800°, glass is in a different “ allotropic ” state from glass below that temp. 

N. Seljakoff and co-workers regard glass as an amor])hous undercooled liquid. 

C. Zulkowsky reported that for a good serviceable glass, the relation of acids 
to bases should form approximately a trimcta.silicatc— c. 7 . KO.SiO.O.SiO.O.SiO.OK. 

O. Dralle could not confirm this. ^W. L. Baillie recommended a modification of the 
hypothesis. W. and D. Asch applied their hexite-pentite hypothesis to glasses, 
assuming that they are all chemical individuals. H. Fritz, F. Cedivoda, and 
0 . luwald discussed the formation of phosphate glasses without silica. 

The various physical properties of glass naturally depend on the composition. 
Attempts to correlate the physical properties of glass with composition have given 
only empirical results. The results of much German work on the subject is sum- 
marized in H. Hovestadt, Jenaer Glas uvd seine Verwendmig in Wissenschaften und 
Technik (Jena, 1900 ; London, 1902). Observations were made by J. W. Ddbo- 
reiner,® W. H. Harcourt, E. Zschimmer, E. W. Tillotson, etc. S. Salpetcr examined 
the properties of different glasses in the light of the periodic law. The specific 
gra^ty of alkali-lime crown glass is between 2‘4 and 2’6 ; that of alkali baryta 
glass, 2 ' 4 - 3 ’ 6 . M. Faraday prejm'red flints glass with a sp. gr. 5 ’44, and the sp. gr. 
of flint glass may be as low as 2 ’ 9 ; and that of alkali-lead glass between 
3 0 and 3 ' 8 . A. Lamy, and 0. Schott prepared a thallium-lead glass of 
sp. gr. 418. K. Schall found for the sp. gr. of light crown glass, 2*49; 
phosphate glass, 2 '58; crystal glass, 310; barium phosphate glass, 3*35; 
fight flint glass, 3*44 ; heavy flint glass, 3*63 ; very heavy flint glass, 4’91 ; and 
the heaviest flint glass, 6 33. The sp. gr. of glass is primarily dependent on its 
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composition, and attempts have been made to find a relation between the two. 
A. Winkelmann and 0. Sihott found that if oj, a^, 03 ^... represent the percentage 
amounts of the several oxides present in glass, and jj, 22, 23, . • • the sp. gr. 
constants, then, the sp. gr. of the glass, S, is 100/6'— ai/2i-f®2/2'2+«8/^8‘f • • • 
The sp. gr. constants are not the same as the sp. gr. of the individual oxides because, 
if these are employed, the calculated values of S are smaller than the observed. 
Consequently, the total vol. is diminished by combination. They showed that the 
above formula is approximatejy fulfilled by taking the following values of z : 



BiO, 

n,()a 

ZuO 

PbO 

MgO 

AIjOj 

z . 

. 2-3 

10 

5-0 

Oti 

3*8 

41 

Sp. gr. . 

. 217 

1-4G 

5 05 

0-32 

3-40 

3 '85 


AsiOj 

BaO 

NhjO 

K,0 

CaO 


2 . 

. 41 

7 0 

2() 

2-8 

3-32 

2T)5 

Sp. gr. . 

. 4 00 

5 0 

2 55 

2 GO 

315 

2 38 


C. J. Peddle studied the sp. gr. of the Si02-Na20-K20, binary and ternary 
glasses, of the Si02-Ca0-Na20 or KoO glasses ; Si02~Ba()-K2C- or Na20 ; and of 
the Si0-Pb0“Na20 or KoO glasses. J. K. Clarke and W. E. S. Turner measur(‘d 
the sp. gr. of the lime-soda series of glasses. E. W. Tillotson found the additive 
rule for lime-magnesia glasses, lithia-baryta glasses, and bthia-limc glas8('8 works 
better with the factors SiOo, 2*3 ; CaO, 4T ; MgO. 4'() ; BaO, 7*0 ; Li2(), 3' 7 ; 
and AI2O3, 2 75, than with A. Winkelmann^and 0. Schott’s factors. 8. English 
and W. E. S. Turner investigated the sp. gr. of the soda-lime glasses, soda-magnesia 
glasses, soda-magnesia-lime glasses, and aluminous and boriferous glasses ; and 
W. L. Baillic examined the subject and proposed another set of factors. These 
factors are all purely empirical ; and they must be dependent on the working 
conditions because each worker recommends his own set of factors, but in practice 
uses the observed data. 

F. Auerbach has measured the pressure-hardness of glass, and obtained 
numbers in agreement with II. Hertz’s formula, 12p€/#E — (1— <7), where p denotes 
the mutual press, between a plate and a lens with a radius of curvature, € ; d, the 
diameter of the surface of contact ; a, the clastic modulus or Poisson’s ratio ; 
and E, Young’s modulus. If U denotes the absolute hardness of the glass ; aj, a^, 
.... the percentage amounts of the several oxides in the glass ; and yi, y^, 
yg, . . ., the hardness coeff. of the several oxides, then //--aiy]+«2y2 f 
f- . . ., when ^ 

SiO, BjOj ZnO PbO Al-^O, BaO Na,0 K,U ChO r,() 

J/-3-32 0 75 7 1 1 45 10 2 i-95f -205 39 63 1*32 

J. R. Rydberg, C. Benedicks. J. Schneider, and 0. Schott studied the hardness of 
glasses ; and F. Auerbach also determined the scratching-hardness of glass, but 
observed no regular relation between the two forms of hardness. A. Lecrenier 
concluded that soda glasses are usually harder than silica glasses containing an 
equal vol. of silica ; with lime-soda glasses, the hardness increases with increase 
of lime and decrease of soda ; boric oxide imparts great hardness to glass ; and 
the addition of soda and lime to lead glasses increases the hardness. 

K. Arndt found the viscosity of glass at 1050° to be 36 0 (water at 20°“ O’Ol) ; 

at 1100°, 17 0 ; and 1200°, 12 0. A. L. Field found that the temp. -viscosity curves 

of blast furnace slags always approximate to a rectangular hyperbola, and that 
replacing lime by magnesia lowers the^visedsity at all temp. Alumina did not 
decrease the viscosity at high temp. F. Farup and co-workers found that 
increasing the alumina and silica decreases the viscosity. F. T. Trouton and 
E. S. Andrews gave O O12II for the viscosity coeff. of a soda glass at 575° ; 0*0io23, 
at 660° ; and O-OoIS, at 710°. S. English, C. E. Guye and co-workers, investigated 
the viscosity of various kinds of glass near the annealing temp. ; and J. T. Littlrton 
and E. G. Roberts suggested that the annealing temp, of a glass may be determined 
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by measunDg its viscosity at various temp. H. le Chatelier represented the 
viscosity, rj, of a number of glasses at the temp. S'" by log 7}=a-bd, where a and 6 
are constants. Observations on the viscosity of glass were made by C. Doelter and 
H. Sirk, E. Greiner, V. Vesely, C. E. Guye and S. Vassileff, A. Lecrenier and co- 
workers, H. F. Staley, G. Tammann, J. Masson and co-workers, and E. W. Washburn 
and co-workers. E. W. Tillotson, and A. Lecrenier and co-workers measured the 
surface tensioll of molten glasses, E. W. Washburn fouijd the surface tension of 
the soda-lime-sibca glasses between 1200° and 1450# to be of the order 150 dynes 
per cm. ; and A. A. Griffith gave for the surface tension of a glass : 

16 “ 746 “ 801 “ 852 “ 005 “ 1110 “ 

(T . . (00031) 0‘00261 0-00257 0-00249 0*00239 0*00230 

E. Warburg ^2 discussed the diffusion of metals in glass ; and A. Giinther-Schulze, 
of silver in glass. H. Wessols observed the thermolysis or Soret’s effect in glass. 

The elastic properties of glass have been investigated by R. Reiger,^^ j, 
peter, E. Stephan, A. Kundt, G. Quincke, L. Boltzmann, J. Salpeter, C. Brod- 
mann, H. K, Onnes, L. Grenet, B. Halle, E. Warburg, G. Tamman, B. Haile, etc. 
The tensile strength of glass varies from 2*9-8-35 kgrms. per sq. mm. This con- 
stant has been measured by J. von Kowalsky, etc, J. von Kowalsky found that the 
greatest linear extension with a simple pull was ()*(X)13i ; with bending, 0*(X)132 ; 
with torsion, 0*00183 ; and with an end-pressure, 0*00129. Hence, glass can bear 
a much greater extension by torsion than by pull, bending, or end-pressure, 
A. Winkelmann and 0. Schott repre.sented the tensile strength, T, in kgrms. per 
sq. mm., by T ^-aiyi f !-•••> where «|, a 2 , « 3 , . • • represent the 

percentage amounts of the component oxides in the glass ; and yj, ^ 3 , • . 

the respective t(macity (!o(‘if. which are : 


SlOg 
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ZnO 

PbO 

MgO 

AljOj 

0*09 

0 01)5 

0*15 

0*025 

0*01 

0*05 

AS|Og 

BaO 

NajO 

K 4 O 
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PiOs 

0 03 

0*05 

0*02 

0*01 

0*20 

0-075 


The term ckstische Naehwirkuny, or elastic after-effect, refers to a residual effect 
which occurs after glass lias been deform(;d. The residual effect subsides only 
gradually when the body is left to itself. The subject was investigated by 
G. Weidmann, who found an after-etfect after bending, or flexure, after compression, 
and after torsion. F. Kohlrauscli represented the subsidence of the after-effect 
by where x denotes the amount of didormation after the time t reckoned 

from the instant when the body free, divided by the original deformation ; and 
0, a, and m are constants. J. Hopkinson studied the elastic after-effect after the 
release of a torsional strain. A. Pazziani and C. E. Guye studied the torsion 
modulus, and the effects of annealing on glass fibres. J. W. French, E. Thomson, 
F. W. Preston, and A. J, Dalladay and F. Twyman discussed the stresses produced 
in glass by cutting with a diamond, and by grinding. A. A. Griffith found the 
maximum tensile strength of glass in the corners of a crack may be more than ten 
times the tensile strength as ordinarily measured. Freshly prepared rods have a 
great tensile strength which reduces to the normal value in a few hours. This is 
attributed to the development of numerous ultramicroscopic cracks. 

A. Winkelmann and 0. Schott measured the crashing strength or resistance 
to crushing and found numbers between 60-6 and 126-4 kgrms. per sq. mm. If R 
denotes the crushing strength, dj, aj, . , ., the percentage amounts of the 
respective oxides in the glass ; and yj, y^, y^, . . . the crushing coeff. of the 
respective oxides, then R— • • •• where 



SIO, 

B, 0 , 

ZnO 

PbO 

HgO 

Al,0, 

y 

. 1-23 

0*9 
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0-48 

ri 
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BaO 

Na,0 

K ,0 

CaO 

P,0, 

y 

. 1-0 

0*05 

0-02 

0-05 

0*2 

0*76 



SILICON 


527 


G. Berndt obtained for the mean cruahing strength of borosilicate glass with 
cubes 5 mm. edge, 1200 kgrms. per sq. cm. for li) mm. cubes, 9000 kgrma. per 
sq. cm. ; aud for 15 mm. cubes, 8700 kgrms. per sq. cm. For unannoaled cylinders 
with the press, continually increased 15,000 kgrms. per sq. cm., for annealed glass 
the numbers are respectively 14,200 and 12,500 krgms. per sq. cm. P. B. Gahtzin 
found that the bnntiilg preosore of glass tubes (i) is iudepeudout of the rapidity 
of compression of the cpntained wati^r ; (ii) varies with the ratio of internal aud 
external diameters; (iii) increases at first with the radius to a maximum value 
and then slowly decreases ; and (iv) is independent of the absolute thickness of 
the walls— although the thicker the walls the more likely are flaws to be present. 
Observations were also recorded by D. I. Mendel(ief!, and W. P. Bradley and 
A. W. Browne. A. A. Griffiths found the breaking stress, aS’, of glass fibres, of 
diameter d inches, to be in lbs. per sq. in. : 

d . . 0040 0 004 0 002 000115 0 000.50 000020 OOOOKU) 

N . . 24,900 42,300 79,000 88,700 195,000 332,000 491,000 

A. Foppl tested the brittleness of glass by letting a hammer fall from a definite 
height on a cube of glass. The ratio of the brittleness to the crushing strength 
varied with different glasses. P. Gaubert attributed to internal strains the regular 
system of cracks aud regular shape of fragments sometimes found in glass ruptured 
par les explosions. J. Wolf reported on shock-resisting glasses ; and E. E. Schu- 
macher, on the cracking tendency of glasses. 

The elasticity of glass or Young’s modulus of glass was investigated by 
A. Winkelmann aud 0. Schott,^^ A. E. Williams, etc. They found that the 
elasticity ranges from 4802 -7971 kgrms. per sq. mm. ; and if E denotes Young's 
modulus ; Oj, Oj, , . ., the percentage amounts of tlie respective components ; 
and yi, yg, ys, . . . the elasticity coeff. of these oxides, E--a^Y\ Hsl/s 
-J- . . ., where the values of y are different for different types of glass. A. Wiukel- 
mann found for the silicate glasses, without boric or phosphoric oxide, baryta or 
magnesia : 

SIO, ZnO PbO A1,0, A8,Oj NajO K,0 OaO 

If . . 70 52 40 180 40 01 40 70 

for Icadless borosilicates free from phosphoric oxide : 

SIO, BjOj ZaO MgO AJ,0, AHjOj BaO Na,0 KgO CaO 

y . .70 00 100 40 150 40 70, 100 70 7(J 

and for the remainiiig types comprising borates, Jpad borosilicates, and phosphates : 

810, BgO, PbO MgO AIjO, AiijO, BaO K,0 P,Oj 

y . .70 25 55 30 130 40 30 70 30 70 

A. Winkelmann found that if E denotes Young’s modulus at up to nearly 
482° and E^q, the value at 20°, E 201 1 — a(0--2O)3}, where a and j3 are constants 

for a given type of glass. It was found that if a glass be first tested at ordinary 
temp, and then at the higher temp., on its return to ordinary temp, it exhibits 

a greater resistance to bending than before. If it undergoes only one such heating, 

the enlarged elasticity decreases with time. Several heatings and coolings are 
needed before the elasticity becomes constant. Corrections are needed for the 
thermal expansion of glass. A. Winkelmann found that the simultaneous presence 
of large amounts of soda and potash favour* the change of elasticity with temp. ; 
but if boric oxide be simultaneously present, the change is in the opposite direction. 
E. Wandersleb found that Young’s modulus is smaller in the normal condition 
than in the accommodalion condition observed by A. Winkelmann ; and Hooke’s 
law is fulfilled in the normal condition of glass up to the breaking point, but in the 
accommodation condition the ratio of the bending to the stress is increased. The 
effect of temp, on Youngs modulus is E--EiQ{\~-a(d—lb)-\-p(d- V))'^\ in the 
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accommodation condition, and in the normal condition, 

A. E. Williams measured for the modulus of rupture and Young’s modulus of 5000 
samples of various types of glass, and found for window glass 7000 lbs. per sq. in. 
and 11 , 000,000 lbs. per sq. in. respectively ; and for plate glass, respectively 6500 
and 10,000,000 lbs. per sq. in. L. N. G. Filon and F. C. Harris studied the effect 
of temp, on the clastic constants of glass. 

The ratio of the lateral contraction to the longitudinal extension with a longi- 
tudinal pull or thrust furnishes the so-called Poisson’s fatio, a— vide 1. 13, 17. 
Measurements were made by F. Twyman and J. W. Pcrry,i® G. Wertheim and 

E. Chovandier, W. Pscheidl, J. Kieweit, A. Winkelmann and 0. Schott, A. Winkel- 
mann, W. Ludwig, J. D. Everett, A. Cornu, H. T. Jessop, W. Voigt, M. Cantone, 
J. von Kowalsky, and E. H. Amagat. K. Straubcl found that the observed values 
range from ()’iy7-0-239 ; and if a 2 , 03 , . . . denote the percentage amounts of 
the respective oxides, and y^, ^ 3 , . . . the Poisson coeff., then (r.^=^aiyi^a 2 y>z 
+a32/3 i ■ • •, where 

SIO, iqOj ZiiO PbO AljOs BaO NajO 

y . 00015.13 0002840 0003400 0-002700 0001750 0-003500 0004310 

KjO CaO PjOj SbjOj MgO As^Oj MnjO, 

y . 0-003000 0-004103 0002147 0-002772 0002500 0002500 0-002500 

F. Auerbach calculated indirect values for Poisson s ratio and obtained a relation 
between the hardness and Poisson’s ratio. R. Straubel .showed that the supposed 
relation is invalid. 

R. Straubel used the formulae indicated 1 . 13, 17, and calculated values for the 
rigidity or resistance to shearing and the compressibility, vol. elasticity, or resist- 
ance to compression from Young’s modulus, and Poisson's ratio. He obtained values 
for the rigidity ranging from 184.0-3140 kgrms. per sq. mm., and for the compressi- 
bility 3470-7520 kgrms. per sq. mm. J. E. P. Wagstaff found for the coeff. of 
rigidity of a glass plate 2-57Gxl0ii to 2-59 xlO^^ dynes per sq. cm. per unit shear. 
P. W. Bridgman represented the compressibility of pyrex glass at a press. by 
0‘0 q3027p— 0 - 0 i 299 p‘^. L. II. Adams and E. D. Williamson found the 
compressibility of plate glass to bo jS -^2’27x 10 ~® at atm. press., 2-23 xKT^ at 
2000 atm. press., and 2-05 Xl0~® at 10,000 atm. ; or j 8 = 0 - 052226 ~ 0 06220 (p— po)- 
J. Y. Buchanan gave for the linear compres.sibility of Hint glass, O O 72 , and for. 
ordinary glass tubing, 0-0e84(). Observations were made by E. Madelung and 
R. Fuchs. G. Ercolini found that a tension, compression, and a shearing force 
in an electric field produced no variation in the elastic constants. 

J. Oardanus,!® in 1557, noted that when glass is kept for some time near the 
temp, of liquefaction, it loses its Iransparency and becomes opaque. Glass when 
cooled has all the characteristics of a congealed soln., but some glasses are very 
liable to crystallize or devitrify during the cooling ; all depends on the nature and 
proportions of the different components, and on the time occupied in the cooling. 
Other glasses must be kept in the teniperature zone of crystallization for hours 
in order to obtjiin crystals. J. B. A. Dumas found by analysis of a piece of 
devitrifiod glass : 

NagO CaO AJjOg SiOg 

Crystallized portion . 14'U 12-0 4-0 68-2 per cent. 

Vitreous portion .10-8 120 3-5 04 7 ,, 

Analyses and observations on devitrification were made by B. G. Sage, F. Hundes- 
hagen, E. P^ligot, H. Schwarz, M. Groger, and A. Terreil. Some of the alkali- 
lime glasses furnish crystals of wollastonite. H. le Chatelier observed the formation 
of tridymite. As previously indicated, a small proportion of alumina is inimical 
to the process of devitrification. The subject has also been discussed in connection 
with Reaumur’s porcelain. The first signs of devitrification are a faint turbidity 
and the appearance of a bluish tinge by reflected light. Observations were made by 
W. Lewis, A. Dartigues, D. C. Splitgerber, N. L. Bowen, L. B. G. de Moirveau, 
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J. Fournet, J. B. A. Dumas, J. Pelouze, S. F. Cox, L. Appert, M. Bontemps, 
H. Knoblauch, J. W. Mellor, J. Fowler, N. Heaton, D. Herman and F. Rutley, 
N. L. Bowen, H. Iiialey, C. N. Fenner and J. B. Ferguson, Lord Rayleigh, 
F. Gelstarp, H. le Chatclier, 0 . J. Brockbank, Y. Amanomiya, R. Wietzel, 
A. F. 0 . Germann, etc. The alleged devitrification of old glass has not been clearly 
established, for it is probably due to a kind of surface weathering — vide infra. 
A. F. 0 . Germann removed the surface film by washing with hydrofluoric acid, 
and found the underlj^ig glass to be quite normal. 

E. Kochs and F. Seyferti® obtained an empirical formula to calculate the 
melting point of a silicate. Let LSi02] denote the percentage amount of silica ; 
[AI2O3], the percentage amount of alumina; A, their ratio; J, B, C, . . the 
percentage amounts of various fluxes ; and 3 /^, il/j, 3 /^, . . the mol. wts. of the 
various fluxes. If F represents the sum what they 

call the fusibility quotient, Q, then Q=^'OObl^lT^IKF. The fusibility quotient, Q, 
of potash-felspar is 0 * 153 , of potash-lime glass 0 {) 0004 , etc. It will be observed 
that the assumption made is that the fusibility is solely determined by tin; mol. 
wts. of the constituent oxidea. A. Granger used this formula. As shown by 

E. Zschimmer, etc., glasses have no definite m.p. ; and F. Weidert and G. Beriidt 
refer to the deformation temp, as the up])er limit at which a piece of glass lo8(‘s its 
form. F. Singer, R. L. Frink, R. Schaller, and F. Springer have discussed the 
effect of small additions of alumina in making soda-lime glasses more friable. 
A. Q. Tool and co-workers observed a small heat absorption shown on the heating 
curve of powdered glass just above the annealing temp. Observations were also 
made by J. W. Mellor and co-workers, L. Grenet, A. A. Lebedeff, K. Beck, H. and 

F. le Chatelier, etc. The thermal effect which occurs on heating glass wa.s observed 
by A. Q. Tool and C. G. Eichlin, and it correspond.s to the effect produced by a 
change of state, but is thought to be due to the formation of some molecular 
aggregate producing homogeneity, and relieving strains as in annealing. 

P. S. Laplace and A. \ j , Lavoisier measured the coeff. of thermal expansion 
of ilint glass and found () ()5812 005872 ; lead-free glass, O’OgSTS-O OgRDS ; and 
mirror glass, O O589I. P. L. Dulong and A. T. Petit found the coed, of cubical 
expaiLsion uj) to 300 '^ to be 0 * 0000251-1 0 04251-f0*0io6^°. H. V. Regnault 
measured the coeff. for a iiumb(;r of glasses of different composition, and obtained 
for crystal-glass values ranging from 0*042144-0*042442 ; and for ordinary white 
glass, values ranging from 0*042324-0*042758. H. le Chatelier gave between 0 '^ 
and 40 '’, O O4I86, and between O'*’ and 7 (XP, 0*04225. 0 .^ Schott obtained values 
ranging from O O4IIO-O O4337 ; and A. Winkebnann and 0 . Schott found that if 
^3» • • • fh’uote the ])erc(*ntagc amount ’ of the respective oxides, and yj, 
y.2, ^3, . . . their expansion coeff., the coeff. of cubic expansion will be aX 
-f f • • •» where 
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The a(lditiv(! character of the thermal expansion coeff, was confirmed by J. Mori, 
,1. Salpeter, and S. English and W. K. S. Turner for soda-lime glasses, such that if 
the symbols of the constituents represent the percentage amounts, the coeff. of 
cubical expansion of these glasses is 0’07^SiO2]-f0'05l[Na2O]-f-0*()35[CaO]. 
Similarly, for the magnesia-soda glass^, th(! rdljults are given by the factors Si02, 
0*15 ; Na20, 12*96 ; CaO, 4*89 ; and MgO, 1 * 35 . With the soda-lime glasses the 
coeff. of linear expansion ranged from 0*041138-0*05801 ; and for the soda-magnesia 
glasses from 0*04! 138 - 0 * 06594 . W. E. S. Turner and co-workers also determined 
the affects of silica, boric oxide, soda, titania, and alumina on the thermal expansion 
of glasses. J. Salpeter found a relation between the at. vols. of the elements and 
the coeff. of thermal expansion. H. Schonborn observed that different varieties 
VOL. VI. 2 m 
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of gfm have a critical zone of temp, in which there is a discontinuity in the curve 
representing the rate of expansion with temp. This zone corresponds approxi- 
mately with a variation in the efectrical resistance of the glass (q.v.). W. B. Pietenpol 
found the thermal expansion of glasses increased linearly with temp., up to 450° or 
550°, during the next 60° or 100° increased 4-^ times more rapidly, and therefrom 
increased linearly to the softening point. With unannealed glass the rate of 
expansion decreased as the internal strain disappeared, and this indicates a method 
of finding the proper annealing temp. 0. Schott showed that a sample of glass 
in a state of strain produced by rapid cooling, had' a coeff. of cubical expansion 
0 - 042895 , while the unstrained glass had a coefE. 0 * 042748 ; and the result was 
confirmed by J. Wolf. C. Pulfrich found a rise in the value of the coefE. from 
O O 4258 between 4’S5° and 18*7°, to 0*04265 between 18*7° and 90*5°. Measure- 
ments at flifEerent temp, were made by M. Thiessen and co-workers, who gave for 
the linear coefE., (77974 3646/)10“9 ; and for the cubical coefE., (23391 -fl0*92d)10~®. 
For normal Jena glass, A. W. Warrington gave for the vol. at 0°, i^=Vo{l +(23714 
+l()-62d)10-®d t) when fJo represents the initial vol. The subject has been discussed 
by E. Reiraerdes, F. C. H. Wiebe, F. C. H. Wiebe and G. MoUer, E. Zschimmer. 
R. Rieke and W. Steger, H. AufEenberg, G. W. C. Kaye, W. B. Pietenpol, C. G. Peters 
and C. H. Cragoc, M. Meyer and B. Havas, F. E. Wright, etc. K. E. Guthe found 
the linear coefE. of a glass to be O O 545 ; J. T. Bottomley and W. J. Evans gave 
0*00181 for the cubical expansion of Jena glass between 0 ° and 100 °. C. Holborn 
and E. Griineisen gave for the expansion of Jena borosilicate glass between 
0 ° and 500°, ( 51840 +O- 8 O 4 ^ 2 )i ()-0 (58520+0-959^2)10-9. F. Henning found 

a rod of this glass, a metre long, contracted 0*877 mm. when cooled to —191°. 

(h G, Peters and C. H. CTagoe found for intervals approximately 19°-500° 

0 - 0 - 0562 - 0 - 04120 ; and between 5(K)° and 600°, a-~--: 0 - 04205 - 0 - 04649 . P. Lafoii 
studied the irregularities which occur in the dilation of glass with rise of temp. 

0. Schott found a zinc borate glass with the small coefE. O-O 4 IIO, and an alumina- 
glass with the (;oeff. 0 * 04337 , which is nearly that of iron or nickel, and a glass with 
the coell. 0-()ft45 is used for making lain)) chimneys. A. Arnulf devised a machine 
for automatically recording the expansion of glass. 

The glass of a newly-macle glass thermometer only gradually resumes its original 
volume, so that the mercurial <'olumn gives continually higher indications for one 
and the same tonij). A thermometer which has b(‘en allowed to season before 
calibration does not show this rise of mo, but if it be heated to a high temp, there 
is a depression of zero which gradually resumes its normal value as the original 
volume is restored. R. Weber stated the phenomena are due to what he called the 
Nachwirkunf}, or the after-ejjeci, er the thermal after-effect. The phenomenon has 
been studied in its application to thermometry by W. Schlosser, F. C. H. Wiebe 

O. Schott, B. Eckardt, F. Griitzmacher, A. Bbttcher, J. Pernet, C. E. Guillaume,' 

M. Thiessen and co-workers, K. Scheel, F. Allihn, W. Pomplun, H. Lemke, A. Mahlke! 

P. Ohaiipuis, M. Tonnelot, ete. 0. Schott devised a kind of compensation for the 
after-effect by enclosing within the thermometer bulb a small rod of another kind of 
glass with the same coefE. of expansion, but with a much larger thermal after-effect, 
so as to correct the depression of the zero when the thermometer is heated. The 
subject was investigated by W. Hoffmann, and G. Muller. No exact relation was 
observed by G. Weidmann between the thermal and elastic after-effects. As 
indicated above, A. Winkelmann observed that the coefE. of elasticity was increased 
after heating and cooling ; and the effect became stationary after a repetition of 
the treatment a number of times. The piienomenon was called the thermo-elastic 
after-effed, and it has also been observed with platinum. L. Marchis made 
observations on the subject. 

If liquid glass is abruptly cooled, say, by falling drop by drop into cold water, 
the congealed droplets are called Rupert^s drops, lacrytnee vitreoe, Knallgldser, or 
guUis vUreis (glass tears). When the thin tip is broken, the whole is converted into 
a fine powder with a feeble detonation. These drops were first brought to England 
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by Prince Rupert, but, aceording to J. Beckmann, they wore not invented by him ; 
they appear to have been made prior to 1661, because they were mentioned by 
B. de Monconys in that year. Theses on glass drops by J. C. ^hulenburg appeared 
in 1695, by J. G. Baier in 1708, and by S. Royher in 17U. According to P, D. Huet, 
the fimt glass drops came from Germany ; according to A. le Grand, they came from 
Prussia ; and according to G. Montanari, and H. Regius, they came from Sweden. 
On the authority of B. de Monconys, J. Beckmann argued that the drops first 
came from Holland. A tumbler of the unannealed glass may shatter to fragments 
when slightly scratched, say, by dropping a small piece of flint into the glass. 
F. B. A. R. de la Bastie found that if glass articles are beaked to rwlness, sud- 
denly immersed in oil at SOO*", and then allowed to cool very slowly, the product 
is the so-called toughened gla^s. It resists abrupt changee of tenip. better than 
untoughened glass, and it is not readily broken when dropped ; but if it once does 
break, it shatters into fine fragments. A crack may occur in loughcm'd glass 
without shattering the whole ; but it cannot be cut with a diamond. Glass is 
annealed in order to relieve the strains introduced duruig the cooling. This 
subject was investigated by L. H. Adams and E. D. Williamson. G. Guadet, 
H. Schuz, etc. A. Q. Tool and C. 0. Eichlin exajuined the efTcct of annealing on 
the heating curves of glass. 

Glass is a bad conductor of heat. The thermal conductivity of glass was 
measured by 0. Paalhorn,22 and he obtained numbers ranging from k 0'(K)J082- 
0-002267 cal. i>er cm. per sec. ; and II. Hecht obtained 0'(X)25. A. Winkelmmin 
showed that the absolute conductivity can be calculakid from h a]g\-\-(iiy 2 
+<^3^3 f • • •» where Oj, a.,, . . . denotes the percentage amounis of the. con- 

stituetit o.\Mdes ; and y,, . represents the conductivity coelT., viz. 
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A. Wiiikelmanri obtained better results by using hi, 63, . . . as the vol. 
percentages instead of Uj, a^, «;$, . . . percentages by weight ; and using 
the corresponding eoeff. Zi, 23, . . . In that case the reciprocal of the 
conductivity . Measurements were also made by 

T. M. Focke, A. Euckem, J. Thoulet, 0. H. Lees, H. Mayer, and 0. Vonske. 
J. Kruger studied the influence of temp, on the thermal conductivity of glass, 
and re))re8ented the value of k at B°, when the conductivity at 0° is k^, 
by k~k^{[-\‘aJd), where a is a constant dependent on the typo of glass. 
W. M. Thornton observed a relation between the thermal conductivity, k^, the 
elasticity, E, and the sp. gr., J), such that k-ED^Y'^U^, where Y is the velocity 
of sound in the glass. J. R. Clarke could not confirm this relation. E. D. Williamson 
and L. H. Adams studied the distribution of temp, in glass during heating or cooling. 
P. W. Bridgman represented the thermal conductivity of pyrex glass at a press, v 
by 0-026H0 07lp at 30M5". 

A. Winkebnann ^3 determined the gpdciflc hOftt of various glasses and obtained 
numbers ranging from 0 081 74-0*2318. If c denotes the sp. ht. of a glass ; Uj, a^, 
ag, . . . the percentage amounts of the constitutional oxides, and y,, y^, yg, . . . the 
sp. ht. of the component oxides, then ■ • •» where 
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The sp. ht. of glass rises with temp,, and the sp. ht. in the amorphous or glassy 
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state is slightly higher than in the devitrihed or crystalline condition ; the ditferenci 
is more marked with glasses with a high proportion of alkali. L litaka found the 
sp. ht. of ordinaiy glass to be 0*212 at 133*3° i 0*221 at 213 ; 0*231 at 318 ; and 
0*236 at 405°. G. E. Gibson and W. F. Giauque showed that in the case of glycerol, 
the entropy of a glass exceeds that of a crystal of the same composition at absolute 
zero. 

Thermal shock tests are made by heating the glass vessel containing a suitable 
liquid to progressively higher and higher temp. until,the glass fractures. A. Winkel- 
inann 2 ^ and 0. Schott introduce a number of assumptions into an argument which 
reduces to an empirical expression for what they call the thermischer Widerstards' 
ko(‘fficic'rd—coe&, of thermal endurance, representing the power of glass to with- 
stand the inequalities T)f temp. : 

P / v 

Thermal endurance -- — . / _ 

V cD 

where K denotes the thermal conductivity ; c, the sp. ht. ; D, the sp. gr. ; E, 
Young’s modulus ; a, the coeff. of linear expansion ; and P, the tensile strength of 
the glass. Tins values of the thermal endurance so calculated range from 3*51 to 
13*52. The results often agree with observation, although some irregularities were 
noted. Glasses usually resist compressive forces better than tensile forces, and hence 
they will withstand rapid uniform heating better than quick uniform cooling. 
Glasses rich in alkali have a high coeff. of expansion, and therefore are more liable 
to break with abrupt temp, changes'than glasses with a smaller expansion coeff. 

The refractive index of glass ranges from 1*50 to 1*9626 for the densest flint glass. 
A. Baudrimont and J. Pelouze ‘-6 said that the refractive index increases with the 
mol. wt. of the contained bases, thus lead glass has the highest index of refraction, 
next comes baryta glass, then potash glass, and least of all, soda glass. J. von 
Fraunhofer found for crown glass and for medium and dense flint glasses : 
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Hundreds of other observations hav (5 becui made by M. Dutirou, H. Starke, 
H. du Bois, J. W. Gilford, F. E. Wright, T. Smith, F. Eckert, 0. J. Peddle, P. J. van 
Kerkhoff, V. S. M. van (h^r Willigen, K. J. Montgomery, etc. 0. Schott gave for 
the index of refraction, p for the D-Wne, th(‘ moan dispersion Pv '^^d the ratio, 
y, of the moan dispersjion divided by p 1 : 
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C. J, Peddle studied the refractive indices of the binary and ternary systems, 
SiOg-KuO-Naj^O ; SiOa-CaO-NajO or KoO ; SiOg-BaO-KgO or NaaO ; and 
SiOa-PbO-NaaO or KjjO ; and F. E. Wright, the refractive indices and dispersion 
of a variety of glasses, E. S. Larsen found that for all the albite-anorthite series of 
glasses the formula? of Gladstone and Dale and of Lorentz and Lorenz give results 
which are sensibly additive ; E. W. Tillotson found the sp. refractivities calculated 
by either of the above-mentioned formulee give results with the soda-lime glasses 
which are additive, so that if aj, 02 , < 13 , . . . denote the percentage amounts of the 
constituent oxides, and yj, y 2 , ya, . . . the sp. refractivities of the oxides, lOOiT 
<* 3 ^ 3 + • • M where yj for Si 02 0 * 1220 ; for CaO is 0 * 1210 ; and 
for NajO is 0*1302. Similar results were obtained for soda-baryta glass^, and for 
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the albite-anorthitc series of glasses. J. R. Clarke and W. E. S. Turner found the 
replacement of soda by lime in the glasses of the type 2Na20 : GSiOj produces a linear 
change in the refractive index. R. J. Montgomery studied the refractive indices of 
the lead glasses. A. R. von Schrdtter gave for the thallium lead glass of sp. gr. 
4*18, 1*661 for the //-line, 1 *673 for the i)-line, and 1-710 for the //-line. 0. Muller 

also made observations on the refractive indices of thallium glasses. T. J. Pelouze, 
and W. E. S. Turner and co- workers studied the refractive indices of aluminou.s 
and boriferous glasses. E. Zschimmer found that the refractive indices of glassy 
boric oxide, 1*4620, and of fused silica, 1*4585, are raised by the dissolution of metallic 
oxides, but not proportionally with the mol. wt-. For instance, Li20, ZnO, PbO, 
and BaO, each eq. to 40 per cent. BaO, in 100 parts of boric oxide raised the re- 
fractive index in the 3rd decimal respectively 77, 93, 114, and 248 units. The 
effect did not increase with cone., for the optical effect decreased with Li20 in B2O3, 
Na20 in Si02, and ZnO in B2O3 or alkali silicate glass, but it increased with PbO 
and BaO. In potassium-silicate glass — 15 per cent. K2O— the addition of boric 
oxide increased the refractive index to a maximum with 15 parts of B2O3 to UK) of 
glass, and therefrom decreased the refractive index. E. S. liUrson investigated th<5 
relation between the sp. gr. and refractive index of glass. H. Rubens measured 
the dispersion for the ultra-red rays ; and H. T. Simon for the ultra-violet rays. 
The subject was also investigated by J. Hartmann, L. Mouton, S. P. Langley, 
H. Trommsdorff, H. Rubens, K. L. Nichols, 0. Reinkober, 0. kSchafer and 
M. Schubert, and K. Lowe. 0. Pulfrich measured the effect of temp, up to about 
100° on the index of refraction, and J. 0. Reed worked at t-emp. up to 500°, 
F. Pockels studied the effect of elastic deformation on the optical properties of 
glass. The reflexion and elliptical polarization were examined by J. Jamin, P. Drude, 
Lord Rayleigh, Cr. C. Schmidt, 0. Lumracr and K. Sorgo, M. Voiko, H. Schulz, 
R. Kynast, and 0. Hebccker. L. N. G. Filou, and F. C. Harris studied the effect 
of time and temp, on the photo-elastic constants of glass. 

Glass which has been rapidly cooled is not optically homogeneous nor optically 
isotropic ; the outer layers are cooled faster and shrink more than the interior. 
Hence, the interior is in a 8tat(5 of strain. In 1814, T. J. Seobeok, and I). Brewster 
showed that a piece of glass when irregularly heated exhibits double refraction like 
many uniaxial crystals, and that under press, the glass shows interference colours 
in ])olarized light. The colour patterns were called by T, J. Seebeck die ento'piischen 
Fdrbenfujuren ; and they have been called Seebeck' s colours. According to 
E. G. Coker, when a strip of glass between crossed iiicols is subjected to an increasirtg 
.strain, it first shows a greyish-white colour which passes successively through the 
colour changes, lemon-yellow, reddish-purple, to blue ; and if the strain increases, 
the .scale of colours is repeated for approximately double the intensity of the stress. 
There is thus a well-defined colour scale corresponding to the torsional stress. For 
simple compression and tension, the relative retardation of the rays producing the 
colour effects is proportional to the intensity of the stress, and to the thickness of the 
material. E. Zschimmer found the strains could bo introduced in largo articles 
from their own weight. 

The birefringence of strained glass was studied by J. Kerr, A. Q. Tool and 
C. G. Eichlin, H. du Bois, 0. D. Tavern, 0. Reel), H. Ambronn, W. Kohler, 
A. Winkelmann, H. Boissier, F. Eckert, I^rd Rayleigh, L. H. G. Filon, 
L. H. G. Filon and H. T. Jessop, F. Pockels, W. Konig, F. Tw3mfian and co-workers, 
E. and M. Henriot, H. Schulz, G. Berndt, F. E. Neumann, F. Taffin, T. T. Smith 
and co-workers, P. S. Nutting, E. B. Wright,* A. L. Kimball, S. Czapsky, etc. 
0. Schott found that the double refraction disappeared from strained ordinary and 
borosilicate crown glasses between 400° and 410°, and from flint glass between 
350° and 360°. Glass is annealed in order to relieve these strains. E. Hagenbach 
examined samples of glass which had cracked without any apparent cause and 
found Seebeck’s colours were present. He suggested testing glass for soundness by 
its appearance in polarized light, rejecting that which exhibits the strain-colours. 
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F. Vogel measured the absorption of light rays in the visible spectrum by 
different glasses and found for the coeff. of absorption, k, for two dint glasses hi id 
two crown glasses : 
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. 0-677 

0-580 

0-635 

0-503 

0477 

0-455 

0-43(iM 

Flint (light) 

, 0-0059 

0-0102 

0-0129 

0-0138 

0-0106 

0 0214 

0-337 

Flint (heavy) 

. 00231 

0-0188 

0-0213 

0-0246 

00357 

0-0411 

0-0569 

Crown . 

. 0-0102 

0-0137 

0-0108 

0-0137 

0-0151 

0-0196 

00216 

Crown . 

. 00151 

0-0201 

0-0233 

0-0254 

0-0260 

0-0261 

0-0227 


This shows that at the red end of the spectrum the ligKt flint glasses are less absorbent 
than the crown glasses, but at the other end this condition is reversed. The absorp- 
tion by the heavy flint glass exceeds that of other glasses as the wave-length 
diminishes ; and its absorption for the longer waves is not surpassed by the crown- 
glasses. The effect of* temp, on the absorption of light by glasses was discussed 
by J. Kbnigsberger and co-workers, W. Rieder, H. du Bois and G. J. Elias, 
G. B. Rizzo, R. A. Houston, A. Silvermann, J. Becquerel and F. Eckert, H. Rubens, 
G. Rosengarten, J. M. Eder and E. Valenta, F. Vogel, G. E. Grantham, F. Eckert, 
W. W. Coblentz and W. B. Emerson, C. Schafer, M. Schubert, F. Eckert, and 
A. W. Smith and C. Sheard investigated the transparency of various glasses for the 
ultra-red or heat rays ; according to W. W. Coblentz, the transparency for the 
ultra-red rays is very groat up to 2p ; and as with most silicon compounds, there 
are bands at 5‘6p and 6'25p. He also studied the ultra-red reflexion spectrum. 
The absorption of light in coloured glasses has been studied by R. Zsigmondy and 
C. Grebe, R. Zsigmondy, P. P. Fedotieff, J. Konigsberger, P. P. Fedotiefl and 
A. Lebodeff, J. W. Mellor, W. W. Coblentz and co-workers, K. S. Gibson, 
R. A. Houstoun, S. B. Nicholson and E. Pettit, R. C. Gibbs, E, P. Hyde and 
co-workers, M. Luckiesh, etc. F. Weidert studied the absorption spcctra of glasses 
containing didymia. In general, the absorption increases as the temp, rises, 
though in some parts of the spectrum there may bo a decrease. In some cases the 
absorption bands remain stationary ; in others, there is a shift towards the red. 
There is usually a complete recovery when the original temp, is restored. The 
absorption of ultra-violet light by glass has been investigated by E. Zschimmer, 

F. F. Martens, C. Fritsch, E. de Chardonnot, N. Schjerning, H. A. Kriiss, 

G. Krtiss, H. Pfliiger, W. Rieder, J. Diiclaux and 1*. Jeantet, F. Eckert, 
R. C. Williamson, F. Pfliiger, and A. W. Smith and C. Sheard. The ultra-violet 
transmission spectrum of glasses has been investigated by W. R. Ham ahd 
co-workers, J. R. Clarke and W. E. S, Turner, L. Bell, H. P. Gage and W. C. Taylor, 
K. S. Gibson, E. Zschimmer, and H. T. McNicholas. W. Crookes studied the 
effect of the oxides of cerium, chromium, cobalt, nickel, copper, iron, manganese, 
neodymium, jirasoodymium, ana uranium on the absorption of heat rays and 
ultra-violet rays, and on the transmission of luminous rays. H. J. Moller found 
dark brown, dark green, or red glass bottles protect best the contents from the 
chemical action of light. Obviously glasses which cut off the heat rays would be 
useful for railway carriage windows, etc., in sunny climes ; and goggles, and 
spectacle-lenses which cut off all but the luminous rays would prevent irritation. 
This subject has been discussed by W. W. Coblentz and co-workers, G. Alleman, 
W. P. Graham, M. Luckiesh, F. Eckert, C. Grebe, R. Zsigmondy, F. Schanz, 
F. E. Lamplough, E. L, Hettinger, K. W. Hausscr and W. Vahle, J. van der Hoeve, 
A. L. Forster, etc. K. Kohler studied the transmission of light through frosted 
glass. E. P. Lewis and A. C. Hardy found that the reflective power of ordinary 
glass for radiation below A— 1860 wr.s from 10-13 ; and for dense glass, 10 (rock 
salt, 8-9). M. Kahanowicz and A. Estrafalaces studied this subject. P. Zeeman 
and co-workers discussed the Fizesu effect in flint glass. 

W. C. Rontgen observed that lead glasses absorb X-rays more than do the 
leadless glasses. A. Winkelmann and R. Straubel studied the subject and found 
that baryta glasses behaved like lead glasses, and that the presence of antimony 
oxide or zinc oxide diminishes the transparency. Of the glass-making compounds in 
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powder form, they found the most transparent were alumina, boric acid, and sodium 
ni^te and carbonate ; the least transparent were lead oxide, red lead, antimony 
owde, and barium nitrate ; while zinc oxide, sand, and potassium carbonate and 
nitrate were of intermediate transparency. The order of transparency frt>m 
greatest to least with glasses containing the rare eartlis, etc., were cerium, didymiiun, 
zireonium, and thorium. Glasses with zirconia behave like fluorite in trans- 
mitting the X-rays ; the effect was weaker with glasses containing didymia and 
erbia. No effect was observed with glasses containing beryllium, uranium, cerium, 
or thorium. 0. Schott found that transparency of glasess to X-rays follows the 
inverse order of at. wt. of the elements in the oxides ; and found a glass containing 
39’6 per cent. Si02 ; 30 of B2O3 ; 20 of ALOj ; 0 4 of A80O5 ; and 10 of Na-^O, to 
be very transparent to these rays. The absorj)tion of X-rays by glass was investi- 
gated by R. Glocker, and C. and F. Lindemaun ; the reflection of X-rayn by A. P. 
Compton ; and the coloration of glass by X-rays, by A. Dauvillier. 

The fluorescence of glass was discussed by E. Lommel, W. Spring, tl. Geiger, 
J. B. Burke, E. L. Nichols and E. Merritt, (J. M. Sagmiiller, P. Lenard, P. Pring- 
sheira, E. Wiedemann and G. C. Schmidt, R. (\ Gibbs ; th(^ discoloration of glass 
by exposure to radiations of various kinds by M. Berthelot, B. Dclachanel, 
J. C. M. Garnett, R. W. Lawson, L. Michel, 11. Greinachcr, G. T. Beilby, E. Ruther- 
ford, and P. Villard and F: Erkcrt ; and the. luminescence in cathode TBys hy 
E. Gehrke and 0. Reichenheim, A. Schmauss, E. Wiedemann and G. Schmidt, 
E. Goldstein, and 0. Reichenheim. The pho3[»hore8cencc of j)otash glass when 
exposed to radium radiations was observed by G. T. Beilby ; and when exposed 
to the rays from radio-tellurium, by H. Grcinacher. E. Rutherford observed that 
radium emanation, decaying in a cajiillary tube of soda glass, formed a red-coloured 
area, probably due to the X-rays. C. Doelter and H. Sirk, A. Miethe, 
W. A. D. Rudge, S. C. Lind, F. Eckert, M. Berthelot, W. Crookes, S. Avery, and 
G. T. Beilby studied the coloration of glass by radium rays. Soda glass is coloured 
violet by a prolonged action, and when the glass is heated, like jiurple fluorspar, 
there is a pale violet thermolurninescence and the colour is distdiarged. E. New- 
berry and H. Lupton found that load glass acquires a brown colour under the 
action of radium, and th(‘ colour is discharged by heat. Borosilicate glasses acquire 
a [)urple-browFi colour under .similar conditions. C. Doelter also examined the effect 
of radium rays on different kinds of glass. J. H. Clarke found that all the glasses 
he tried fluoresced in radium rays, but a fatigue effect was noted at about the same 
time as the maximum coloration was reached. He thought the a-rftys were the 
active agents. None of the glasses fluoresced with the Z-rays ; but soda-lime 
glass and a selenium glass fluon^sced slightly in ultra-violet light. All the glasses 
exposed to radium radiations exhibited thermolumine.scence with the disappearance 
of the coloration between IW'" and 235'^ ; and R. E. Nyswandcr investigated the 
thermophosphorescence produced by radium rays. 11. Jackson considered the 
green phosphorescence of X-ray tubes dejMmded on the presence of traces of 
manganese oxide ; without this agent, the glow is faint blue. The coloration of 
glass by exposure to sunlight was observed by S. Avery, B. Delachanal, M. Faraday, 
R. A. Gortner, and W. Crookes ; and by exposure to ultra-violet light, by F. Fischer, 
and J. B. Nathanson. J. R. Clarke found glasses containing selenium or cobalt 
oxide as bleaching agents were coloured brown by jS-rays. A soda-lime glass was 
feebly affected only by the a-rays. J. R. Clarke thought that the colorations ar(F 
duo to the formation of colloidal particles in the glass. The triboluminesoence of 
glass was observed by F. Haukesbee 26'in 1?05? G. de Razoumowsky in 17«7, and 
T. Wedgwood in 1792. P. Heinrich said that Rupert’s drops almost always emit 
light when they are ruptured. 

H. F. Richar^ 27 studied the contact electricity of glass, quartz, fluorite, and 
steel when taken in pairs. F. Kohhrausch said that glasses easily attacked by water 
have bad ifiwilg ti ng pioparties owing to the formation of a film of water on the 
surface acting in conjunction with alkali dissolved from the glass. Assuming that 
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the glasses at the outset all insulate well, and that they have been for some time 
in contact with water, rinsed with distilled water, and dried in the sun or in the 
oven, then decidedly bad glasses will be recognizable by their discharging a gold- 
leaf electroscope almost instantly when the percentage of saturation in the air is 
between 50 and 60, and in a short time (1 sec. or 2 secs.) when it is between 40 and 50. 
With glasses of medium quality, as well as with lead crystal and Jena thermometer 
glass, the corresponding percentages of saturation will be about 20 higher. The 
Thuringian glass made at Gehlberg insulates perfectly up t(f 40 per cent, of satura- 
tion, fairly well at 60 per cent., and discharges in a*few seconds at 80 per cent. 
With Bohemian potash glass, which at least as regards quantity of alkali dissolved 
must be reckoned among good glasses, no traces of conduction appeared till the 
percentage was above 50 per cent. ; and the insulation was still fairly good at 
75 per cent. At the liead of all stood the alkali-free Jena glass, which insulated 
perfectly at above 60 })er cent., and well even at 80 per cent, of saturation. P. Woog 
e.xarained the effect of the surface weathering of glass on its insulating qualities for 
high voltage currents. 

H. Buff, and E. Warburg and F. Tegetmeier found that the electric con- 
ductivity of glass becomes appreciable at 200®. If sodium amalgam be separated 
from mercury by a glass partition in a containing vessel heated to 200°, and if 
an electric current be passed from the amalgam through the glass to the mercury, 
the glass is electrolyzed, sodium passes into the mercury, and a corresponding amount 
is lost by the amalgam without the glass losing its ch^arness. If the sodium 
amalgam bo replaced by lithium amalgdm, the glass becomes opaque on the lithium 
side, and the opacity travels through the glass, as lithium takes the place of the 
displaced sodium. The glass in which lithium has taken the place of sodium becomes 
very brittle. It is assumed that lithium— at. vol. 15-98 — can pass along the tracks 
or mol. galleries left by the sodium atoms- -at. vol. 16'04-— but the potassium atoms 
—at. vol. 24— are too large to pass along the spaces left by the sodium. W. J. Sutton 
and A. Silvermann, K. Horovitz, M. von Pirani, H. Schonborn, H. Freundlich and 
P. Rona, G. Borelius, and 0. A. Kraus and E. H. Darby also replaced sodium in 
glass by silver. The phenomena were confirmed by W. C. Roberts- Austen, who 
found that if cojipcr or gold amalgam be used the glass is coloured by the co})f)er or 
gold. The electrolysis of glass was also studied by A. Heydwt'iler and H. Kopfer- 
mann, H. Schiller, H. Schonborn, M. lo Blanc and F. P. Ker.schbaum, A. Giinther- 
Schulze, J. Konigsberger, E. Rasch and F. W. Hinrichsen, J. W. lif'bbrck and 
J. B. Ferguson, and R. Lorenz. II. H. Poole showed that the ele(!trical con- 
ductivity of glass is not*entircly (‘lectrolytic ; and K. Horovitz, and R. Ambronn 
found that not only does gla.ss conduct electrolytically, but it al.so becomes polarized. 
The results obtained at different temp., K., show that if Lq and jS are constants 
depending on the composition of the glass, the conductivity, L, at T°, is L ^ Loe~^T~^. 
Lq is a linear function of the percentages of soda and lime in the glass. Observa- 
tions on the electrical conductivity of glass were made by J. R. Clarke, A. Denizot, 
R. Ambronn, W. Dietrich, G. Foussereau, W. Thomson, J. Perry, A. A. Somerville, 
N. Rood, C. E. Philips, C. Barus, F. Haber and Z. Klemensiewicz, F. Baumeister, 
E. Boll6, A. Speransky, II. H. Poole, A. Gunther-Schulze, etc. F. Farup and co- 
workers found that increasing the alumina and silica decreased the conductivity. 
T. and A. Gray and J. J. Dobbie found the sp. electric resistance, R, of glass 
increased wdth the percentage of lead oxide, and with the sp. gr. ; and further, that 
the conductivity is doubled for every 9° rise of temp. It was further found that 
for soda-lime glass, * < 

56 * 72 “ 93 “ 116 “ 149 “ 

. . . 531-05 89 15 llOOl 1-874 0-202 

for potash-lead glass at 142®, 1328-6 ; and for soda-lead glass, 

73* 83“ 104“ 120“ 140“ 

Itxw^ .... 216-13 144-64 2082 493 1-89 

L. L, Holladay nqiresented the electrical resistance, R^ of various glasses between 
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20^nd 600° by log R=a log T—hT'^—c, where a, b, and c are constants dependent 
on^e nature of the glass ; and the temp. T is reprei^nted in °K. F. W. Hinrichstm 
and E. Rasch, and E. Schonborn found the conductivity of glass followed the same 
rule. Different varieties of glass also showed a transition point rangmg between 
384° and 560°, analogous with those obtained with the thermal expansion. The 
effect of absorbed gases on the conductivity was moasurt‘d by V. Bush and 
L. H. Connell. F. F. S. Bryson found pitting occurred in the glass in the vicinity 
of the sealed platinum Electrode of an interrupter connected with an induction coil. 
This was attributed to the electrolysis of the glass lying between the wire and the 
surrounding liquid-sulphuric acid. F. Haber and Z. Klemensiewicz, H. Schiller, 
and W. S. Hughes measured the potential difference between glass and solu. in 
contact therewith. The variation is approximately the sam(^ as for the variation 
in the hydrogen eh‘ctrode potential, and is approximately a linear function 
of the latter. K. von der Grinten studied the cataphoresis of powdiTed glass. 
A. V. Bleininger noted a thermoelectric current by sealing platinum wires in small 
blocks of different glasses ground flat, and heating a pair of l)locks in contact 
with one another while the wires are connected with a millivoltmetcr. 

The permittivity, sp. inductive capacity, or dielectric constant, K, of glass 
was found by M. Romich and J. Nowak to bo 7*5 ; N. N. Schiller gave 3'3'6'34 ; 

J. Hopkinson, 6‘6-9*l ; J. E. H. Gordon, 3*0-3'24 ; G. Quincke, 3 ()-26*3 ; 

K. F. Lowe, 5-48-9-13 ; W. Donle, 6*88-7*76 ; and A. Winkelmann, 6'16 7 f)7. 

The last-named gave for leadless glass 7*11, and 7*44 for a glass with 45 per cent, 
of lead. H. Starke gave 5*48-9*13. The ratio A'/N, where S denotes the sp. gr., 
is 2*17-3*38. J. J. Thomson, E. Lecher, R. Blondlot, and K. F. Lowe found that 
the dielectric constant increases as the frequency diminishes. A. Gray and 
J. J. Dobbie found for the sp. inductive capacity of soda-lime glass at 11°, 6*26, 
and at 129°, 6*79 ; for soda-lead glass, 7*36 at 19°, and 8*44 at 130° ; and for potasli- 
lead glass, 6*76 at 19°. M. von Rirani, W. M. Thornton, H. F. Richards, E. Schott, 
C. F. Hill, A. Coehn and A. Curs, and F. L. Ekman made observations on the 
dielectric constants of glass. The former represented the relation bidween the 
dielectric constant. A, and the sp. gr. N of flint glasst's by A™6*61 4-l‘296r)(/S— 2*89)^ ; 
and the relation betweem the dielectric constant and the refractive index, /i, for*the 
F-line, by A -6*61 +95'6(p.— 1*549)2. G. L. Addenbroke found these relations did 
not hold for flint glasses with 4*85, and A — 11*2 ; and /jf— 6*01, and A=:13*0. 
The ratio of A to incrcast'd continually as the sp. gr. increased. The heaviest 
flint glass known has a sp. gr. 6*33 and has a compo.sition very nearly PbSiOa; it 
was therefore .suggested that th(‘ heavy flint gla.sses may be solid soln. of silica in 
lead metasilicate. F. M. Jiiger inea.sur<‘d the dielectric constant for different wave- 
lengths. G. Quincke discussed the puncture volt^e of glass ; and the cleavage cracks 
of punctured glass. Different phases of the .subject were examined by N. llesehus, 
A. Giinther-Schulze, K. W. Wagner, J. L, R. Hayden and 0, P. Steinmetz, 
J. Mosciaki, B. Walter, J, Almy, F. Kohlrau-sch, J. Hopkinson, J. Currie, T. .1 . Baker. 
E. E. Schumacher examined the relation between the composition of a glass and 
its tendency to crack while conducting electricity. A. Wiillner and W. Wien found 
the increa.se in the internal vol. of spherical and cylindrical condensers produced 
by electrostriction is in general less than the value obtained from Young’s modulus. 
They also examined the effect of pre.ss. on the dielectric constant. K. R. Brain 
studied the piezoelectric effects with glass. P. Dmde, and K. F. Lowe 
measured the absorption of electromagnetic radiation. H. du Bois found 
Verdet’s constant, Wd, ranged from 0*0161-0*0888 when the value for fluorite was 
0*0091 ; and 0. Junghaus, 0*0197-0*0856. The latter also measured the electro- 
magnetic rotation of the plane of polarization and found for Na-light, 1*827°- 
0*0421° for different glasses. H, du Bois, and 0. D. Tavern studied effect — 

t.e. the double refraction developed in an electric field— with various glasses; 
and J. Konigsberger, the magnetic susceptibility. 

F. Degen, 28 and M. Faraday noted that glass adsorbs water, and, according to 
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the l&tter, glass acquires a certain surface conductivity which renders it^jUn* 
suited for electrostatic experiinents. A. Fusinieri and A. Bellani, and M. Faraoay 
also referred to the film of air which is adsorbed tenaciously on glass surfaces. 
P. Chappiufl found that 1-6752 sq. m. of glass surface between 0“-180° adsorbed 
0’45 c.c. of hydrogen ; 0*58 c.c. of air ; 1*03 c.c. of sulphur dioxide ; and 1*41 c.c. of 
ammonia — between 0° and 100^, 0 63 c.c. of ammonia was adsorbed. The amount 
of carbon dioxide was between that of air and of sulphur dioxide. H. Zwaarde- 
maker found that pyridine is scarcely adsorbed by glass surfaces, though valerianic 
acid is retained by the glass. Observations on the adsorption of gases on glass 
surfaces were made by L. Chiozza, H. Kayser, F. Kohlrausch, F. Mylius, S. Dush- 
mann, D. H. Bangham and F. P. Burt, 1. Langmuir, R. G. Sherwood, G. von 
Elissafolf, W. Falta, K. Horovitz and F. Paneth, G. Quincke, P. Volkmann, 
J. E. Shrader, L. Joulin, A. Smith, F. Weber, E. W. R. Pfeiffer, N. R. Campbell, 
H. Krause, J. B. Hannay, W. Voigt, J. F. Bottomley, J. Caspar, F. Melhorn, 

G. Melander, and D. Ulrey. R. Bunsen found that the amounts of water retained 
by 2*11 sq. m. at different temp, were : 

23 ® 107 “ 215 ® . 320 ® 41 . 5 ® 468 ® 503 ® 

Water . . 22-.3 14 2 ll*fi 7-0 2 8 0 9 0 0 rngrm. 

Hence, it requires a temp, approaching 5(X)'’ to remove the adsorbed water from 
glass surfaces. R. Whytlaw-Gray found glass adsorbs and dissolves hydrogen 
chloride ; and that it adsorbs niton. K. Carver, and R. E. Wilson and T. Fuwa 
studied the adsorj)tion of toluene by glass surfaces ; and M. 11. Evans and 

H. J. George, the adsorption of sulphur dioxide, ammonia, nitrous oxide, and 
acetylene by powdered glass, and found no evidence that the surface layer of 
adsorbed gas is just one mol. thick — vide adsorption by carbon. I. Langmuir 
discu.sacd the general })roblem of the adsorption of gases on gla.s.s surfaces. 
J. J. Manley investigated the films of gas on glass. G. 0. Schmidt and F. Durau 
measured the adsorption of aniline dyes from soln. by glass powder. E. Warburg 
and T. Ihmori, and H. Krause showed that glass dried at 500“ does not ad.sorb 
carbon dioxide appreciably, while in the pre.sence of moisture much is adsorbed. 
P. Mulfart could not confirm this ; but moist and dry carbon dioxide are ad.sorbed 
by glass. D. H. Bangham and F. P. Burt studied tht' ad.sorption of ammonia and 
carbon dioxide by glass. Tho Poilillet effect with gla.ss (1. 9, 9) was examined 
by 0. 8. M. Pouillet,*'^® H. L. F. Melsen-s, P. (diappius, (\ Oantoni, T. Martini, and 
F. Meissner. 1*. 8chutz('iiberger .said that a high-tension di.scharge will drive water 
vapour through glass, tut neitluT F. Meyer nor M. Bertlu'lot could confirm this. 
M. Pirani examined the behaviour.of films of moisture on glass under the influence 
of streams of electrons. F. G. Keyes .studied the errors in gas measurements due 
to the adsorption of the gas, say carbon dioxide, by glass. 

Glasses, glazes, fused silicates, and slags can absorb gas and reject it with or 
without spitting during cooling. The phenomenon was noticed by H. St. C. Deville 
and L. Troost,^® and J. B. Hanuay, Again, I. L. Bell said that the slag from a 
blast furnace afforded evidence of being impregnated with gas, which during the 
cooling of the slag escapes in the form of miniature volcanoes on its surface, or 
bursts out into small jets of flame. If the glass of a vacuum tube used with hydrogen , 
argon, helium, and other gases be fused, it becomes clouded, and, under the nucro- 
scope, is seen to be permeated to some depth from the inside surface by a multitude 
of minute spherical bubbles. Sometimes the melted glass appears to boil, and the 
bubbles can be seen and heard* bursting. Observations were also made by 
R. S. Willows ; and the Staff of the General Electric Co., J. E. Shrader, S. Brodetsky 
and B. Hodgson, and F. H. Newman studied the disappearance of gas in the 
electric discharge tube. Four explanations have been given. R. Pohl assumed 
that the bubbles are prodinJed by a chemical action between the glass and the 
aluminium disintegrated from the electrodes ; F. Soddy and T. D. Mackenzie said 
that the gas is evolved from the glass by chemical decomposition; and 
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JlA, C. Swinton said that the gas is driven mechanically |iiio the glass by (.he 
(Sthode rays. When the glass is heated, the gas penetrates further and forma 
bubbles on cooling much in the same way that air bubbles are formed in ice. 
J. *J. Thomson said that the gas passes into the glass by ordinary diffusion. 
0. A. Williams and J. B. Ferguson found that glass is impermeable to hydrogen, 
but some glasses are permeable to helium, and some are black(med when 
heated in hydrogen ; and A. Piutti and co-workers, A. Lo Surdo, E. Cardoso, 
and C. C. van Voorflia examined the diffusion of hydrogen, helium, and neon 
through heated glass. G. A. Williams and J. B. Ferguson found one c.o. of pyrex 
glass, sp. gr. 2‘25, dissolved 0*00835 c.c. of helium (at n.p. 6) at 515^ and press. 
752-755 mm. B. Moore and J. W. Mellor also obst'rved the dissolution of hydro- 
carbon gases in lead-silicate glass—about 14 c.c. of gas per lOO grms. of glass ; 
and E. W. Washburn found tliat all varieties of glass dissolve gases, and the gas 
is thus liable to efferversce violently from the li(piid glass if the press, be reduced. 
J. E. Harris and E. E. Schumacher studied the gast^s from glasses of different 
composition ; the contained gases are principally carbon and sulphur dio^des, 
water, oxygen, and nitrogen. J . W. Hyde and H. Huddart analyzed the gas(>8 in the 
bubbles in glass. In agreement with these observations, M. Berthelot found that 
hot glasses are somewhat pervious to hydrogen, carbotJ monoxide, and oxygen 
gases, and C. Zenghelis reported that glaases are similarly |K‘rmeable to iodine 
vap., but A. Stock and H. Heyemann were unable to confirm this observation. 
The subject was discussed by G. Quincke, H. H. Landolt, and B. Tollens. .1 . B. h irth 
observed no diffusion of bromine through a thin partition of glass in 9j years 
but with iodine if the glass has been previously heated to 3()()‘' a small diffusion 
occurred. D. Ulrey obst^rved no diffusion of atm. air through glass at temp, np 
to the softening point. M. Piratii found that th(‘ distillation of mercury in vacuo 
removed the film of air adsorbed by glas.s surfaces. K. voii d(*r (jrintem showed t hat 
powdered glass adsorbs alkali from aq. soln., and the amount per sq. cm. of surface 
varies with the cone, of the soln., but reaches a maximum with l‘(5XlO*^ mols. 
per sq. cm. 

F. Kohlrausch^^ measured the hygroscopicity of powdered glass and found 
the percentage gain in wt. by different glasses varied from 2 to 18 per cent. The 
durability of glass exposed to moist air depends largely on its power of resisting 
attack by water. Dry glass, said R. Bunsen, resists attack by dry carbon dioxide. 
F. Mylius and F. Forster showed that the weathering of glass begins by the adsorp- 
tion of water, then the water is absorbed, and hydrates gre formed. The alkaline 
components are liberated, and the corresponding carbonates are produced. Lead 
glass is blackened when heated in an atm. pf hydrogen sulphide, or hydrogen 
owing to the formation of lead sulphide. M. Faraday observed the blackening 
of flint glass in dwelling-houses owing to this cause ; and a bottle of such glass was 
found by G. Bischof to be eroded and blackened by ammonium hydrosulphide. 
Ammonia vap. acting on the exposed surface of glass windows in the vicinity of 
stables and manure heaps is markedly corrosive. D. H. Bangham and F. P. Burt 
investigated the adsorption and desorption of carbon tlioxide, sulphur dioxide, 
acetylene, and ammonia by glass. E. Mellor discussed the accelerating influence 
of lichen growths on the deterioration of glass. 

E. Zschimmer studied the action of air and dry dust on glass kept in a room 
for a number of years, gilicates and borosilicates with up to 20 per cent, of BgOg 
free from lead and alkali showed under the nucroscope (x 80-120) a uniformly 
spread alteration of the whole surface, coftsijfting either of minute drops or of a 
network of crystals, due to the slow separation of potash or soda from the siheate, 
and the subsequent formation of deliquescent potassium carbonate or crystalline 
sodium carbonate. Borate glasses absorb moisture without becoming damp, and 
simply swell on the surface, which is not visibly altered till the expansion becomes 
so great as to tear away the surface from the layers beneath when the whole surface 
becomes cracked and fissured. This cracking can be produced at an earlier stage 
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if the glaBB be heated $o 170°. Similar borosilicates free from lead but containing 
alkali showed surface alterations only in the vicinity of specks of dust. The 
alterations consist in the deposition of minute drops of water, in the formation of 
crystals radiating from the speck, in a combination of both of these appearances, 
or, in the case of lead glasses, in a blackening near the speck, due to metallic lead 
or its sulpliide. The nature of the dust (whether a hygroscopic body or an organic 
or sulphur-containing substance) is, of course, operative, as well as the composition 
of the glass, in determining the nature of the alteration of fhe surface. In lead- 
free silicates, the decomposition depends on the amount of alkali in the glass. 
With 10 per cent, dust-decomposition readily sets in, and with 20 per cent, or over, 
the separation of alkali sets up air-decomposition. In lead-containing silicates, 
the proportion of lead, as well as that of alkali, determines the ease with which 
decomposition occurs ; but dust-decomposition will occur in silicates containing 
20 per cent, or more of lead, even though free from alkali. The decomposition of 
borate glasses containing over 20 per cent. B 2 O 3 , and over 20 per cent. PbO occurs 
with the sej)aration of the lead oxide not only on the outer surface, but in some 
of the layi'rs b(dow, producing an irid(‘.sc(‘nce similar to that observed in 
labradorite and similar minerals. This irides(;ence is not removed by rubbing 
or polishing the surface, and is increased in intensity by heating the glass. Tlie 
borosilicates are, on the whole, the least easily decomposable glasses ; the alkalies 
seem to separate out less easily than from the silicates, and with a given alkali- 
content there is much less tendency to the appearance of hygroscopic moisture or of 
crystals on the surface than in the case of silicates. The phosphate glasses are all 
hygroscopic. The microscopic appearance is similar to that of the hygrosco})ic 
alkali silicates, though the crystals of phosphoric acid or of phosphate are easily 
recognizable. The dimming of optical glass owing to the formation of a film or 
deposit on the surface may give trouble. In order to enhance the desired optical 
qualities, the product may have a small margin of safety, and would not retain 
its polish and transparency under ordinary conditions of use. Optical glasses 
which are markedly unstable in the atm. are used only for combinations in which 
they can be cemented between two lenses or more durable glass. The method of 
testing optical glass for durability on exposure has been described by F. Mylius, 
W. Morey, J. W. French, F. Forster, A. V. Klsden, 0. Roberts and H. S. Jones, 
E. Zschimmor, W. H. Withey, and F. R. von Richowsky. W. D. Bancroft thought 
that mercury would wet glass if the adsorbed air were removed, and E. E. Schu- 
macher found that this was true with some glasses, and with quartz. 

A. L. Lavoisier, and 0. W. Scheele were familiar with tlie fact that the glass 
vessels employed by the chemist are; attacked by water (1. 2 , 4), forming a soln. of 
alkali silicate, and flecks of silica or calcium silicate. The early chemists thought 
water could be transmuted into an earth by boiling it in glass vessels. H. Davy 
also proved that the alkali produced during the electrolysis of water is derived 
from the glass of the containing vessel (1. 2, 6 ). R. Weber, and F. Mylius observed 
that glass levels containing moist ether acquire an opaque coating on the inside 
owing to the action of water on the glass. The subject is of importance in certain 
analytical processes, as discussed by B. Reinitzer, G. Kreusler and 0. Henzold, 
E. Bohlig, E. Hoyer, J. Kjeldhal, E. Jalowetz, K. Barelt and H. Schonowald, 

C. Liebermann, etc. ; and mal-observations may occur if the fact be overlooked. 
Thus, the trace of alkali dissolved from glass was shown by M. Berthelot, and 

D. M. Kooij to act as a catalytic agent modifying the course of some chemical 
reactions. H. Moissan and P. Sicifiens found that silicon is slowly attacked by 
water at 100 ® in glass vessels through the traces of alkali dissolved from glass. 
J. S. Stas, and T. W. Richards emphasized the error introduced in at. wt. determina- 
tions by the use of glass vessels. R. Weber showed that microscopic objects pre- 
served between glass plates might undergo change owing to the instability of the 
glass. C. Nicolardot, G. W. Morey, J. W. French, 6 . Bischof, J. N. von Fuchs, 
M. Faraday, J. B. A. Dumas, T. Griffiths, and D. Colladon cited experiments 
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wnfiisaing these observations. F. Mylius showed that much alkali but relatively 
little silica is extracted, and G. Bischof noted J)hat moist glass powder reddeiw 
turmeric paper; red litmus is likewise coloured blue; phenolphthalein and 
haematoxyline are coloured red or purple ; F. Mylius showed that a soln. of iodine 
and starch is coloured blue, and that the orange-yellow soln. of iodeosin in aq. ether 
is changed red— this reaction has been made quantitative— and similar remarks 
apply to R. F. von Walther’s observation that a yellow soln. of alizarine becomes 
reddish-violet. Tests— qu^titative and otherwise— were devised by R. Weber, 
F. Mylius, F. Mylius and F. Forster, F. Mylius and E. Grosohuff, F. Haber and 
H. Schwencke, E. Baroni, E. W. Ilagmaier, W. L. Baillie and F. E. Wilson, 
L. Krobor, W. L. Baillie, T. Kato, W. H. Withoy, E. Zschimmor, W. E. S. Turner,’ 

A. E. Williams, etc. The Institute of Chemistry has prepared a specification for 
testing glass. G. W. Morey has discuss(;d in a general way the effect of the com- 
position of glass on its corrodibility ; and E. Turner, and (' Barus, the action of 
steam on glass. 

F. Mylius found that potash water-glass is more susceptible to attack than soda 
water-glass. F. Mylius and F. Forster found that the solubilities of potash and 
soda glasses diminish rapidly a.s the proportion of lime increases. F. Kohlrausch 
analyzed the material removed from glass by the solvent action of water. Numerous 
comparisons of the solvent action of water, etc., on glasses of different countries 
and different firms have been made. The general (of course erroneous) impression 
one gets is that each country, and indeed .each firm, can produce a morn resistant 
glass than any other country or firm. Observations on the solvent action of water 
on different glasses were made by R. Weber, F. Kohlrausch, F. Mylius and 
F. Forster, J. Pelouzc, A. Daubree, A. Vogel and C. Reischaucr, II. C. Sorby 

B. Tollens, A. E. William.s and S. E. Fox, 0. Lecher, J. Wolf, J. Korner, L. Appert 
and L. Henri vaux, P. Nicolardot, H. von Schwarz, R. von Rieth, L. A. Palmer 
D. E. Splitgerber, P. H. Walker, E. C. Sullivan, W. E. S. Turner and co-workers’, 
R. Warington, R. Cowper, F. Cedivoda, and P. Nicolardot. C. J. Peddle 
studied the solubility of the binary and ternary glasses, SiOo -NaoO-KoO 
SiOa-CaO-NaijO or K^O ; SiOg-BaO-Na^iO or KoO ; and SiO^ PbO NagO 
or K 2 O ; 0. Keppcler, baryta and strontia glasses; and G. Blumcnthal, and 
W. E. S. Turner, tlu^ solubility of boric oxide frits. The above discussion may give 
a wrong idea of the relative solvent action of water on glass. With good glassies only 
minute portions of alkalies arc removed after a prolonged action. If it were 
otherwise, the use of glass for domestic purposes would affect the composition and 
flavour of food-stuffs, and liquids with which it is brouglit in contact. Himilarly, 
if window-glass under normal conditions were -appreciably attacked by rain-water 
or gases of the atmosphere, its use, would be less satisfactory than it is to-day. 
P. Volkmanu could detect no different! in the capillary risi; of water in glass tubes 
made of different materials. 

E. Pfeiffer showed that glass is attacked by water more vigorously when the 
temp, is raised, and F. Kohlrausch found that the solvent actions at lO’S”, 17*2°, 
and 23'6® are related as 1 : 2'7 : 7'4. Superheated water is an active corrosive 
agent as shown by the short life of the gauge glass tubes of steam-boilers working 
imder high press. It is probably not steam, but liquid, which is the potent agent. 
This is shown by the corrosion above the water-line l>eing in special tracks cut in 
the glass as the water condensed on the glass tube and trickled down. (j. Barus 
found that liquid water attacks glass so rapidly at 185°, as to choke up the glass 
tubes in which it was confined by separatibn *of hydrated silica. F. Forster made 
a number of observations on the resistance offered by different types of glass to 
water under a press, of steam at 183° in closed ve8.sels. 0. Schott and M. Herschko- 
witsch, and F. Krull investigated the effect with different kinds of glass when used in 
contact with hot water and steam up to 40 atm. j)re8s. F. W. Hodkin and 
W. E. S. Turner found soda-lime glasses are quickly attacked by steam and water 
at ^25 atm. press. The action decreases as the proportion of lime is increased. 
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E. Turner studied the action of high press, steam on glass and silicate^; and 
0. Schott and G. Linck showed that at 250° and 35 atm. press., a borosilicate glass 
absorbed 7 per cent, of water in 3 weeks. It is inferred that the absorption of 
water is not due to chemical combination, but rather imbibition by a gel. 0. Schott 
and G. Linck found that powdered glasses adsorbed up to nearly 16 per cent, of 
water when heated with water in an autoclave for 30 days. The dehydration was 
not completed below 1000°. ^ 

When old soda-glasa tubing, which has stood in the, laboratory for some time, is 
heated, the outer surface may become exceedingly rough owing to the exfoliation 
and splintering, or to the development of innumerable spits—presumably by the 
evolution of absorbed water. Observations on this subject have been made by 

Mehlhorn, E. Priwoznik, and A. R. von Schrotter. 0. Schott observed similar 
results with the thermometer tubes which had been immersed in boibng water for 
some days ; he also found soda glasses are less affected than potash glasses. 
F. Forster found that water is always taken up when glass is acted on by liquid 
or steam, and hydrated products are formed- -tride alkali silicates, hydrated water- 
glasses. 

All kinds of glass are quickly corroded by hydrofluoric acid, forming silicon tetra- 
fluoride, and fluosilicates of the alkalies, akaline earths, etc. H. Moissan found that 
thoroughly dried hydrogen fluoride attacks glass, but dried fluorine attacks it only 
slowly, and no action was observed at —187°. The etching of glass — H. F. Smith — 
and pottery glazes is effected by means A)f this acid. In the case of aluminous and 
plumbiferous glazes and glasses, the acid is mixed with some ammonium acetate 
to prevent the formation of a protective deposit of sparingly soluble fluorides on the 
parts to be attacked. According to J. B. A. Dumas, glass which has a low pro- 
portion of silica is attacked by boiling sulphuric acid ; and glass which is easily 
devitrified is attacked by boiling hydrochloric or nitric acid, and by aqua regia. 
The acids dissolve out the alkalies, alkaline earths, and bases, while silica separates 
out. The acids attack powdered glass much more quickly than they do a plane or 
curved surface. C. Nicolardot, R. Warington, W. Tepohl, and A. Emmerling studied 
the action of dil. hydrochloric acid on glass. T. Griftiths found that boiling hydro- 
chloric acid extracts potash only, not lead oxide, from glass. This statement is 
very doubtful in view of the action of that acid on lead silicate glasses, discussed 
by T. E. Thorpe and C. Simmonds, W. Jackson and E. M. Rich, and W. Thomason— 
vide lead-silicate glasses. H. Hess said that in distilling hydrochloric acid from a 
green glass retort, potassiium chloride, ferric chloride, and silica were dissolved, and 
a crystalline sublimate was formed. K. Beck investigated the solubility of plumb- 
iforous glasses in acetic acid— mde lead silicates. Glasses which resist attack by 
acetic acid were found by J. B. A. Dumas to be sometimes quickly attacked by 
sulphuric acid. R. Warington studied the action of tartaric acid on glass. F. Forster, 

M. Berthelot and L. P. St, Giles, E. P. Postc, E. Egger, P. H. Walker and 
F. W. Smither, F. Cedivoda, W. Tepohl, W. E. S. Turner and co-workers, etc., 
investigated the action of acids on glass. They found that for one and the same 
glass, the loss of weight at 100° was the same whether sulphuric, or nitric acid of 
normal, decinormal, or millinormal cone, be used. Cone, acids are less active than 
dil. acids ; and all the dil. acids were less active than water. Hence, F. Forster 
concluded that the acid doe's not act directly on the glass, but merely modifies the 
action of water. The effects with superheated acids— at 160°-190°— were some- 
what similar. F. Forster explains the action of acids on glass somewhat as follows : 
The first action involves the dissolution of alkali by the water. Under ordinary 
conditions the alkaline soln. so formed is more active than water— wde infra. 
The acid neutralizes the alkali and prevents it accelerating the attack, and the 
neutralization is effected more quickly with cone, than with dil. acids. The 
influence of the cone, is greatest when the alkali is being most quickly extracted, 
namely, at a high temp. The character of the action of water on glass is not 
altered by acids ; the difference is merely due to the fact that the acid prevents 
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the accumulation of free alkali in the soln. The alkali is more completely washed 
out of the glass by acid soln. than it is by water alone. A few silicates-^e.^. 
wollastonite, labradorite, and sodium raetasilicate glass— are directly attacked by 
acids, and more quickly by cone, acids than by dil. acids ; and dil. acids more 
quickly than by water. The glass Na20.3Si02 behaves towards acid sola, like 
ordinary glasses. The mechanism of the action of water on glass was discussed 
by F. R. von Bichowsky. The resistance of lead glasses to acids was found to bo 
increased by long exposure to the acid. E. Siegwart found that flue gases con- 
taining sulphurous gases produce a whit-e film of alkali sulphate on glass ; and 
E. Priwozsnik observed a similar effect produced on the cylinders about the flame 
of coal gas. R. Cowper examined the action of aq. soln. of hydrogen sulphide. 
E. Fr^my and L. Cl^mandot produced iridescent films on gla.ss by the action of 
10-12 per cent, of hydrochloric acid at 120°-150‘^. P. Jannasch decomposed 
various silicates by hydrochloric acid at high temp, and press. The etloct of aq. 
soln. of carbon dioxide has been discussed in connection with the weathering of 
glass. C. Matignon and G. Marchal examined the corrosion of glass by water in 
the presence of carbon dioxide under 10 atm. press, during 10 years ; L. Pfaiindler, 
the action of liquid and compressed vap. of carbon dioxide. J. S. Stas found that 
glass containing lead or aluminium is more readily attacked by acids than is the 
case with potash-lime glasses which withstood the action best. J. W. M(?llor found 
that a high content of boric oxide in lead glasses incrc‘as(*8 the 8olubilit>' of the 
contained lead oxide in 0'25 per cent, hydrochloric acid, and conversfdy with 
alumina. Alumina helps to counteract the unfavourable eflects produced by the 
boric oxide. F. Forster, and G, T. Beilby found that the vap. of 8ul{)huri(j acid 
attacks glass, and this the more the higher the temp. The sulphuric acid con- 
tained in the products of combustion of coal and coal-gas attacks glas-s, giving it 
a white coating of alkali sulphates easily removed by washing with water. 
J. H. A. Dumas found that all kinds of glass are decompos(‘d by hot cone. soln. of 
phosphoric acid ; and the action of this acid was also investigated by K. Hiittner. 
ilypo phosphorus attacks glass even more rapidly than phosphoric acid. 

■ Glass is attacked by soln. of sodium or potas-sium hydroxide, and silica ])a88e8 
into soln. The attack is facilitated by raising the tcunp., or increasing the cone. 
At ordinary temp., the alkali-lye in glass bottles dissolves the glass and causes 
it to crack. F. Forster investigated the action of the alkali-lye on difl’erent kinds 
of glass. He found that no shar]) line can be drawn between th(‘ attack by water 
and by dil. soln. of the alkalies. The alkali extracted by ^atcr from glass, so long 
as it remains near to the glass and is therefore only moderat(ily diluted, stnmgthens 
the attack in two ways : (i) by swelling uj) the surface, and (li) by dissolving silica — 
particularly at high temp. Very dil. soln., say millinorraal, attack glass no more 
quickly than does water, but if the alkali sobi. be more cone, the attack is quickened, 
and this the more with increasing cone. With lime-alkali glasses, the alkali silicate 
is dissolved, and the calcium silicate is left imdissolved, so that the surface appears 
to be dulled. If the alkali-lye be more cone., the calcium silicate is also attacked, 
so that a 2W-NaOH soln. dissolves calcium silicate as a whole. No materially 
increased attack occurs by raising the cone, of the soln. The attack by cone, soln, 
of alkali hydroxides decreases by lowering the tf*mp. The order of attack is 
soda-lye (most vigorous;, potash-lye, ammonia .soln,, affid baryta-water. Glasses 
do not usually differ so much in susceptibility to attack by alkali soln, as by water. 
W. E. S. Turner and co-workers found that after 3 hrs.’ action of 2iV-Na()II, the 
losses in ragrms. per sq. dcm., at different terflp. Vere : 

20 “ 40 “ 60 “ 80 ’ 90 “ 100 ’ 

Loss . .0-0 1-7 4 1 18-9 31 7 74-2 

The results vary with different glasses ; F. Mylius and F. Forster found that with 
one glass the rate of attack was 1900 times faster at 80® than at 0®. They also 
examined the effect of magnesia on the resistance of glass to attack by alkaline 
soln. The action of alkalies on glass has been also studied by G. C. Schmidt and 
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F. Durau, W. E. S. Turner and co-workers, and P. H. Walker and F. W. Smithers ; 
of soln. of barium, strontium, and calcium hydroxides, by F. Jones ; and of baryta- 
water, hy C, Bunge. 

T. Griffiths, P. H. Walker and F. W. Smithers, P. Nicolardot, and A. Emmerling, 
found that aq. ammonia attacks many kinds of glass, and a flint-glass bottle 
containing a soln. of ammonium carbonate became so fragile that on shaking it 
pieces of glass were detached. B. Sifliman found that a dry mixture of ammonium 
chloride and m'trate attacks glass when heated m contact therewith ; and 
R. F. Marchand observed a similar effect with dry ammonium sulphate or hydro- 
sulphate. P. Nicolardot, and F. Forster investigated the action of soln. of alkali 
carbonates on various glasses, and found that the attack is greater than with soln. 
of the alkali hydroxides. . Sodium carbonate exerted a greater action than potassium 
carbonate. Alumina increases the resistance of glass to alkali carbonates. 
H. D. Richmond found a specimen of potassium carbonate containing less than 
5 parts per million contained 120 parts of lead after being kept in a lead-glass bottle 
for 9 weeks. E. A. Coad-Pryor made some observations on this subject. A soln. 
of sodium sulphate did not have any marked effect ; but soln. of sodium phosphate 
have a marked action ; and aluminiferous glasses have a greater resistance than 
alumina-free glasses. W. E. S. Turner and T. B. Wilson examined the action of 
soln. of sodium phosphate. P. Nicolardot, and A. Emmerling studied the action 
of aq. soln. of ammonium chloride, etc., on glass. R. Cowper examined the action 
of ammonium sulphide soln. on glass : A. Lachaud and C. Lepierre, the action of 
ammonium hydrosulphate ; and J. H. Smith, the action of sodium phosphate. 

F), C. Sulbvan found coarsely powdered window glass became blue by contact with 
a soln. of cupric sulphate owing to the exchange of bases. 

M. Berthelot studied the action of aq. sobi. of alcohol, glycerol, and organic acids 
on glass ; R. Weber, and F. Mylius, the action of aq. ether ; and R. Weber, the 
action of aq. alcohol. In 1757, T. Tronchin, in his Be colica pictonum (Genevas, 
1757), showed that many wines are able to dissolve lead from the glaze of earthen- 
ware vessels in which the wines were stored—^r^e lead. R. Warington, and 
A. Frank examined the effect of wines on glass ; R. L. Frink, the ('ffect of beer ; 

A. Lesure, A. Dian, L. Krober, the eftVe.t of pharmaceutical preparations ; and 
M. Guerbet, and A. W. Bitting, that of milk. K. Bcheringa observed the adsorption 
of metal salts from drinking watj'r by glass, and lie found that h'ud is precipitated 
chemically on the glass. G. T. Beilby found that halos are formed about pieces 
of metal foil on glass when heatinl to a sufticiimtly high temp., in the presence of 
the products of combustion of coal gas and air. The halos are produced by the 
decomposition products of the gla^s itself. 

F. Gelstharp studied the solubility of sodium sulphate, sodium chloride, and 
calcium and sodium sulphides in glasses ; A. I). Holdcroft, the solubility of zinc 
oxide in glazes ; and E. Greishamraer, and R. Zsigmondy, the solubility of metal 
sulphides in glass. G. J. Knox found glass is reduced when heated with many 
metals. 
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F. Durau, Z/cit. phys. Chem., 108. 128, 1924 ; 0. Schott and G. Linck, Koll. Zeit., 84. 113, 1924 ; 

G. Keppcler, Goldschmidt's Festschrift, 40, 1921 ; G. J. Knox, Proc. Irish Acad,, 1. 309, 1841 ; 
G. W. Morey, Journ. Ind. Eng. Che.m., 17. 389, 1925; J. W. Mellor, unpublished communication ; 
E. Turner, Proc. G(ol. Soe., 2. 95, 1838; C. Barus, Amsr. Journ Science, (3), 38. 407, 1889; 
(3), 41. 110, 1891 ; H. F. Smith, Journ Microscop. Soc., 7. 14, 1872. 


§ 38. Cement 


The use of lime for making mortar has been tratied back to very anciemt times. 
There is a reference to mortar in Deuterononftf (27. 2), and the analyses of the mortar 
employed in the construction of the pyramid of Cheops, show that the early 
Egyptians must have possessed great skill in the arts of compounding lime-mortar. 
The Assyrians and Babylonians employed clay, or bitumen, or a kind of burnt 
gypsum as a mortar in building with bricks ; and the early Greeks used lime as a 
kind of plaster to cover the walls of building.s constructed with unburnt bricks. 
About a century and a half before our era, Cato the Elder in his De re rustica has 
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several references to the preparation and use of lime-mortar ; and Pliny, in his 
Historia naturalis (36. 55), in the first century of our era, referred to a number of 
public buildings in which lime-mortar was used in their construction. Vitruvius 
also, in his De architectura (2. 5), written near the beginning of our era, described 
the manufacture of lime-mortar for building purposes. A. F. Gori reported in his 
Museum Etruscum exhibens insignia veterum Etruscorum monuments (Florenti®, 1743) 
that tombs and cisterns found near the ancient cities of Iguvium, Clusium, and 
Volterra were built or lined with a calcareous mortajj. Th*e writers in the Middle 
Ages seem to have done little more than follow Vitruvius’ description of lime- 
mortar, but they also mentioned the use of volcanic tufa — santorine, pozzolane, 
and trass — in the production of mortars, and in some cases, the products had the 
property of setting hard.while immersed in water. 

The modem cement industry started in 1756, when J. Smeaton ^ was employed 
by Parliament to build a lighthouse on the partially submerged rocks at Eddystone 
in the English Channel. He required for the foundations a cement which would 
harden under water. The ordinary lime-mortars then in use completely failed 
to satisfy this condition. J. Smeaton obtained an argillaceous limestone which 
when calcined and mixed with the pumice-like pozzolana, of volcanic origin, 
produced a satisfactory mortar. The pozzolana was found in a few volcanic 
districts, notably in Italy, where it was used in making the famous old Roman 
cement, and further attempts were made to manufacture artificial Roman cements 
without using pozzolana. Most of these were made by burning argillaceous 
limestone. J. Parker, for example, in 1791 made a cement by calcining “ certain 
stones or argillaceous productions,” and it was later called by the misleading 
term Roimn cement, but, later still, it was called Parker's cement. In 1818, 
M. St. Leger, and in 1822, J. Frost, also patented the manufacture of cement by 
burning siliceous limestones or marls. In M. St. Leger’s case, the burning temp, 
was not very high, and the products were only hydraulic limes. J. Frost called 
his product British cement. In 1824, .1. Aspdin patented an improved cement by 
heating together an intimate mixture of limestone and clay to a temp, sufficient 
to drive the carbon dioxide from the limestone. Ho called the product Portland 
cement from its resemblance to the building-stone of Portland. Although the temp, 
of burning in J. Aspdin ’s first process does not produce a cement like that now known 
as Portland cement, this defect was very soon overcome, and the value of heating 
the raw materials to incipient fusion was discovered in 1825. Consequently, 
Portland cement may be regarded as the finely pulverized product which results 
from the partial fusioii of an intimate mixture of argillaceous and calcareous 
materials in certain proportions ; find, when mixed with water, it sets to a hard 
stone-like mass. It is used largely in constructional work— sidewalks, houses, 
bridges, tunnels, etc. — as a substitute for stone. The stnmgth and permanence of 
the cement depends largely upon the constituents formed in the cement during its 
preparation. Numerous patents for improvements in tlie methods of manufacture, 
etc., have been taken— e.(/. by W. H. Hurry, T. R. Crampton, F. Ransome, 
F. W. 8. Stokes, etc. 

Portland cement is usually prepared by heating together limestone and clay ; or 
blast-furnace slag and limestone ; or any other combination of raw materials containing 
the right proportions of lime,' alumina, and silica. The raw materials are crushed, mixed 
in the required proportions to give the necessary ratio CaO : AljO, : SiO, and ground to 
a fine powder. The mixture is burned in a rotary kiln 60-100 ft. long, and 6-8 ft. diameter, 
built of steel plates lined with firebrickr ; ^he cylinders are support^ in a slightly inclined 
position on friction rollers, and slowly rotated. The raw materials are fed into the cylinder 
at one end, and discharged at the other as a partially fused mass in the form of granules 
varying in 8 i 2 e from a pea to a large marble and called cement clinker. The fuel used is 
powdered bituminous coal blown by compressed air at the lower end of the cylinder so 
that the raw material passing down encounters a progressively increasing temp. The 
time of transit through the cylinder is about 1^ hrs. and the final temp. 1426°. In 
passing through the rotary kiln, the material is first dried, then the organic matter is 
destroyed and the carbon dioxide expelled, and finally there is a chemical reaction between 
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the lime, alumina, and silica to form the clinker. The clinker is ground to a fine powder 
to furnish the portland cement of commerce, and during the grinding a small proportion 
of gypsum may be added in order to regulate the time of setting of the cement when it 
is mixed with water. 

R. K. Meade gave for the average composition of good grades of portland 
cement : 

CaO A1,0, Sio, Fe,0, MgO SO, 

620 18 22 0 2-6 2-6 IS 

• 

showing that more than 90 per cent, consists of the three oxides CaO, AI2O3, and 
Si02. The other oxides exert only a secondary influence, and a good portland 
cement has been made from these three oxides alone. G. A. Rankin and 
F. E. Wright have investigated the possible compounds of lime, alumina, and 
silica at high temperatures, and the results are summarized in the ternary diagram. 
Fig. 161 ; but since the relative proportions of the three oxides in good cements 
vary between comparatively narrow limits — 60 to 64 per cent. CaO ; 5 to 9 per cent. 
AI2O3 ; and 19 to 25 p(T cent. SiOo — the practical problem is concerned with only 
a very restricted portion of the ternary field. 

G. A. Rankin and F. E. Wright have shown microscopically that commercial 
portland cement clinker contains over 90 per cent, of a mixture of the three com- 
pounds, 2Ca0.Si02, 3Ca0.Si02, and 3Ca0.Al203, and it is therefore inferred that 
the cementing value of portland cement is largely due to one or more of these 
compounds. When a mixture of 64 per cont. of CaO as carbonate, 8 per cent, of 
alumina, and 23 6 per cent, of silica is slowly heated, the principal changes which 
occur in different intervals of temperature during the formation of clinker are 
summarized by G. A. Rankin in Table XVIII. While fi'he lime is present at 1450 °, 


Tablk XVlIl. — The Tempkhati rks op Formation ok the Conhtjtuknts of 
P oiiTLANo Cement. 


llAW mix. 

1000“. 

1 1000“-1335“. 

1450“. 

U50"-1650“. 

CaCO, 

CaO 

CaO 

CaO, Flux 

2Ca0.8i0, 

AljOa 

AlsO, 

5Ca0.3AU08 

BCaO.AljOa 

;iCa0.8i0, 

SiOj . 

i SiO, 

2CaO.Al868 

1 BCaO.AUO, 

2CaO.SiOj 

SCaO.SiOj 

SCaO.AljO, 

1 _ 


it is entirely combined when the temperature reaches 1650 °, and the cooled clinker 
has the composition indicated in the last coluiyn of the table. The small amounts 
of ferric oxide, magnesia, and alkalies always present under manufacturing con- 
ditions lead to the formation of a flux at a lower temperature than with pure 
materials, and this promotes the combination of lime with alumina and silica. 
Thus, G. A. Rankin has shown that the impurities were mainly MgO, Fe203, and 
alkalies. The second sample examined was commercial white portland cement ; 
the third, a common grey variety. The three types of clinker are made up largely 
of the same constituents; tricalcium .silicate, dicalciura silicate, and tricalcium 
aluminate, all compounds of the three major components of cement. If the clinker 
of the grey cement of Table XIX were jx^fectly burned it would contain about 36 per 
cent, of 3Ca0.Si02 ; 33 per cent, of 2Ca0.Si02 ; 21 per cent, of 3Ca0.Al203 ; and 
10 per cent, of the minor constituents. If the raw materials be imperfectly ground, 
or inadequately fired, the chemical tcactionA will not be completed. The com- 
pound 3Ca0.8i02 is the last to form by the combination of lime with dicalcium 
silicate; CaO-f 2Ca0.Si02— 3Ca0.Si02, and therefore if imperfectly burned the 
cement will contain free lime and more 2Ca0.Si02~ according to the particular 
stage at which the reaction was arrested. The presence of free lime is detri- 
mental, leading to the early disintegration of the cement, but increasing the 
proportion of combined lime increases the percentage of 3Ca0.Si02, and also 
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Table XIX —The Composition and Burning Temperature of Portland 
Cement. 


1 

Percentage composition 



i 

CaO. 

A1,0,. 

BiO,. 

Irapori- 1 
ties. 

temp. 

i 

Gonstituente of cement clinker. 

68-4 

80 

23-6 

0 

1660° 

2Ca0.Si02; SCaO.SiO^; 3Ca0.Alj03. 

66-2 

6-4 

26 0 

2-4 . 

1626° 

2CaO.SiOj; aOaO.SiOjs; 3Ca0.Ali08, 
with a small amount of lime. 

63-2 

7.7 

1 

22-4 

6*7 : 

1 

1 

1425° 

2Ca0.Si02; SCaO.SiOj ; SCaO.Al^Oa, 
with small amounts of lime. 
eCaO.SAljOj, and ferrites. 


the strength of the cement. This is the most important constituent of portland 
cement, and it is formed with the greatest difficulty ; this constituent is the one 
which hardens and develops the greate.st strength within a reasonable time. 

In 1818 , L. J. Vicat2 also experimented on the cements made by calcining 
mixtures of lime and clay, and his Recherches experimentales sur les chxiux de con- 
struction, le.s betons, et les mortiers ordinaires (Paris, 1818 ), started in 1812 , was an 
attempt (i) to find the relation between the quality of hydraulic lime and cement, 
and the chemical composition of the raw materials ; (ii) to find the nature of the 
compounds formed during burning ; and (iii) to find the changes which occur when 
cement is mixed with water and hardens. This work may be regarded as among 
the earliest of the attempts to found a “ chemistry of cements.’' Other observa- 
tions were reported by J. F. John, C. L. Treussart, B. Qui.st, S. Rinmann, K. A. Vogel, 
J. Ziegler, J. A. C. de la Faye, B. Faujas de la St. Fond, J. A. C. Chaptal, H. V. Collet- 
Descotils, C. F. Wiebeking, E. Candlot, B. F. Belidor, P. Berthier, J. N. von Fuchs, 
H. Meyer and C. M. Kersten, F. Kuhlmann, J. Kreating, etc. E. Jordis and 
E. H. Kanter have compiled a bibliography dealing with work on the nature and 
properties of portland cement from the time of L. J. Vicat. 

H. le Chatelier, and A. E. Tornebohm noted microscopically four different 
constituents in cement clinker. The two kinds which predominate have been 
called alite and celite. The former is the predominating constituent, the latter 
appears as a filling material or matrix between the grains of alite. This suggests 
that Elit6 is the main ])roduct of the clinkering of cement, and that celite is the 
more fusible portion or flux which has solidified after the crystallization of tlie alite. 
In well-burnt cements the crystals of alite have sharp outlines, in poorly burnt 
cements the outlines are rounded and indefinite. 0 . Schmidt has prepared 
crystals of pure alite. The celite is usually a deeper colour than the alite, pro- 
bably because the ferric oxide tends to accumulate in the flux. According to 
H. le Chatelier, celite acts on polarized light, and he gave it the imaginary formula : 
3Ca0.2(Al,Fe)203, C. Richardson believed celite to be a solid soln. of dicalcium 
aluminate in dicalcium silicate. The crystals of abte belong to the rhombic 
system, and H. le Chatelier believed this constituent to be a calcareous peridoie, 
or lime-olivine, 3Ca0.8i02, which on calcination crystallizes in the matrix of celite. 
C. Richardson claimed that alite is a solid soln. of tricalcium aluminate, 3 CaO. AI2O3, 
and tricalcium silicate, 3Ca0.Si02, because the analytical ratio Bases : Silica 
— 3 : 1 . The third constituent is called belite, and it resembles alite in some respects. 
It is usually dirty green in colour and striated. It has not been isolated. It is a 
secondary constituent and is found princij[)ally in cements poor in lime. This 
circumstance, and the fact that the crystals sometimes occur partially disintegrated, 
has led to its being considered to be calcium silicate, 2Ca0.Si02, i-e. calcium ortho- 
silicate, 0828104. H. le Chatelier supposed it to crystallize in the cubic system, 
because he found it to have no action on polarized light. He regarded it as tricalcium 
aluminate, 3Ca0.Al203, or a solid soln. of this compound with dicalcium aluminate. 
The fourth constituent, lelite, is also found in colourless rhombic crystals in blast 



SILICON 


557 


furnace slags which have partially disintegrated. H. le Chatelier found it to have 
a very energetic action on polarized light. This constituent has not been isolated, 
and it is considered by H. Kappen to be a solid soln. of dicalcium aluminate with 
the non-hydraulic form of dicalcium silicate, while belite contains the hydraulic 
form of this latter compound. Some magnesium silicate, 2Mg0.Si02, is probably 
also present in solid soln. in the dicaloium silicate. 

When Portland cenient is mixed with water, a hard mass is formed by chemical 
reactions between the* constituents of the cement and the water. In the first 
stage of setting, the cement mortar sets by passing from a plastic to a solid state 
— this requires a few hours ; the cement then hardens by gradually increasing in 
strength— this may occupy years. G. A. Rankin added : 


Taking the three constituents separately, tricalciura dioxytfialuminate, 3Ca0.Al|0,, or 
Ca 3 (),(AK)j)„ when mixed with water sets and hardens very rapidly ; the setting and 
hardening are due to the formation of an amorphous hydrate on the individual grains which 
are thus cemented together. The amorphous material sometimes crystallizes. Slabs 
made of this compound remain sound under water, but they develop little strength, they 
are rather soft and are appreciably soluble in water. Calcium orthosilicate, 2CaO.SiO., 
or Ca^SiOi, slowly reacts with water, and only after many months does a moulded slab 
develop any marked strength ; it is not appreciably soluble in water. 'J'he cementing 
material is a coating of an amorphous hydrato on the individual grains. Calcium hydroxide 
can be leached out from the hydrate until 
amorphous silica alone remains. Any 
crystals which develop are hydrated calcium 
hydroxide. The dicalcium silicate is more 
rapidly hydrated by water saturated with 
calcium aluminate, so that in portlaiid 
cement the rate of hydration of the dical- 
ciura silicate is faster than wlien alone. 

Tricalcium sihcate, 3Ca().Si()2, orCajiSiO,, 
sets and hardens rapidly. Slabs of this 
compound remain sound, and in a relatively 
short time develop a strength comparable 
with that of portlaiid cement. The 
hydratoil product behaves towards water 
just like hydrated dicalcium silicate. 

According to H. le Chatelier, la riaction 
fondamctUalf.^ which brings about the 
hardening, is the splitting up of a basic cal- 
cium silicate into hydrat^l calcium meta- 
silicato and calcium hydroxide : 3Ca().SiO.^ 

+Aq. -2Ca(()H),-f Ca0.Si02.2iH3(). The 
beginning of the hydration and the for- 
mation of elongated crystals of the 
hydrated silicate, CaSi 03 . 2 JH, 0 , is illus- 
trated by Fig. 128, where the dimensions 
of the mncular crystals have been exag- 
gerated by doubling their proportionate 
size. The rate of formation of the hydrated 

product is not affected by the presence of the other constituents of portland cement. 
The minor constituent, pentacalciiun dioxytrialuminate, 6Ca0,3Al,0„ Ca,Al,0,|, or 
Caj 03 (A 10 ,),, sets and hardens rapidly. Slabs of this cement when placed in water 
disintegrate rapidly partly owing to dissociation and partly owing to solubility. The 
compound in setting forms an amorphous material on the surface of individual grains, 
and this partially crystallizes. The crystals are probably hydrated tricalcium aluminate. 



Fio. 128. — Formation of Acioular Crystals of 
Hydrated Calcium Metasilicate in the 
Hydration of Portland Cement. 


G. A. Rankin describes the setting and hardening of portland cement as 
involving the formation of an amorphous hydrated material which subsequently 
partially crystallizes. “ The initial setting m probably due to the hydration of 
SCaO.AUOs ; the hardness and cohesive strength at first are due to the cementing 
action of the amorphous material produced % the hydration of this aluminate 
and of the 3Ca0.Si02 ; and the gradual increase in strength is due to the further 
hydration of these two compounds together with the hydration of the 2 Ca 0 .Si 02 . 
Of the three compounds which thus take part in the setting and hardening of 
Portland cement, 3Ca0.Si02 appears the best cementing material ; that is, this 
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compound is the only one of the three which when mixed with water will set and 
harden in a reasonable time to form a mass which in hardness and strength is 
comparable with portland cement. The compound 2Ca0.Si02 requires too long 
a time to set and harden in order to be in itself a valuable cementing material. 
The compound 3 Ca 0 .Al 203 while it sets and hardens rapidly, is rather soluble in 
water and is not particdarly strong or durable. From this it would appear that 
tricalcium silicate is the essential constituent of portland cement ; consequently, 
the higher its percentage the better, and that gelatinous silica is the most essential 
constituent of a cement mortar.” The release of gelatinous silica in the action of 
water on tricalcium silicate is probably the reason why this compound is such a 
valuable cementing material ; indeed, certain of the toughest sandstones are made 
up of grains of sand bonded together with gelatinous silica which was gradually 
deposited from soln. on to the grains of sand, and subsequently hardened. 

P. H. Bates and A. A. Klein thus describe their observations of the different 
constituents during the setting of portland cement : 

At early periods the constituents of portland cement of normal composition and manu- 
facture, in order of their strength-conferring properties, are : Tricaloium silicate, tricalcium 
aluminate, and dicalcium silicate. At periods ^yond 28 days tlie dicalcium silicate gains 
sufficient strength to place it almost on an equality with the tricalcium silicate. Tricalcium 
aluminate containing 10 per cent, plaster gains practically no strength after the first period 
at which it was test^ ; that is, 24 hours. Tricalcium silicate of the purity used in tliis 
investigation (90 per cent. SCaO.SiOg in one case and 96 per cent, in the other) has all the 
important properties of portland cement, <especially those of the “rate of setting” unH 
strength developed. Dicalcium silicate, such as used m this investigation, sets too slowly 
and attains strength too slowly to be of any commercial value when used alone. Tri- 
oalcium aluminate alone, os used in this investigation, seta too rapidly and attains too 
little strength to be of any commercial value as a hydraulic cementing material. Tri- 
calcium aluminate, when used to replace about 19 per cent, of the dicalcium silicate (wliich 
is approximately the amount of alummate present in portland cement) adds somewhat 
to the strength of the latter at the later periods. Tricalcium aluminate, when used to 
replace about 19 per cent, of tricalciura silicate, did not add to the strength of the latter, 
showing rather a slight tendency to decrease it. The addition of 3 per cent, of plaster gave 
higher early strengths but lower later ones. Tricalcium aluminate, when used to replace 
about 19 per cent, of a mixture of equal parts dicalcium and tricalcium silicate, increased 
the strength at 24 hours and 7 days, but decreased it at the later periods. It appears, 
therefore, that the composition of portland cement should bo along lines which would not 
produce a great preponderance of either silicate. The ideal cement should possibly have 
an excess of the dicalcium silicate, which would give a not too dense hydrated material, 
gaining strength at later periods. A lesser amount of the tricalcium silicate would furnish 
the desired early strength and also overcome the excessive porosity of the dicalcium 
silicate. It is possible to make a cement that will have the properties of portland cement 
by grindi]^ together the previously separately burned constituents in approximately the 
amounts in wliich they exist in portlaiAd cement. Uhe function of tricalcium aluminate 
in the finished cement is somewhat problematical. A cement with less than one per cent, 
of alumina lias all the properties of portland cement. Such a cement is, however, not a 
commercial possibility from the manufacturing standpoint, on account of the temperatures 
and amount of burning involved. To state, however, that the aluminate in the finished 
cement is of the nature of a diluent or inert material would be drawing a conclusion which 
while justified by the present investigation, requires further confirmatory work. The 
actual products of the hydration are those noted by A. A. Klein and A. J. Phillips, excepting 
as not^ before the case of the dicalcium silicate, when apparently during the hydration 
of this compound lime hydrate is fonned. 

The observations of A. A. Klein and A. J. Phillips are thus summarized by 
them: 

The hy^tion of cements is thus < brought about by the formation of amorphous 
hydrated tricalcium aluminate w'ith or without amorphous alumina, the aluminate later 
crjrstallizing. At the same time sulphoaluminate crystals are formed, and low-burned or 
finely ground lime is hydrated. The formation of the above compounds begins within a 
short tune after the cement is gauged. The next compound to react is tricalcium silicate. 
Its hydration may begin withm 24 hours, and it is generally completed within 7 da 3 r 8 . 
Between 7 and 28 days the amorphous aluminate commences to crystallize and beta- 
orthosilioate begins to hydrate. Although the latter is the chief constituent of the 
American portland cements, it is the least reactive compound. The early strength 
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(24 hooTB) of cements is probably due to the hydration of free lime and the aluminates. 
The increase in strength mtween 24 hours and 7 days depends upon the hydration of tn- 
oalcium silicate, although the further hydration of aluminates may contribute somewhat. 
The increase between 7 and 28 days is due to the hydration of beta-calcium orthosilicate, 
but here are encountered opposing forces, in the hydration of any high -burned free lime 
present and in the crystallization of the aluminate. It is to this hydration tliat the falling 
off in strength between 7 and 28 days of very high-burned liigh-limed cements is due, 
whereas the decrease shown by the high alumina cements is due to the crystallization of 
the aluminate. Finally, the iron in the cement is resistive to hydration ana does not form 
any definite crystalline hydrati<yi products, but occurs as a rust-like material. 

These theories of the setting involve the crystallization of one or more con- 
.stituents. A. Michaelis advocated a colloidal theory of setting in which the 
formation of a colloidal substance is the essential feature ; and W. Kosenhain 
argued in favour of the colloidal theory in another form by assuming that the solid 
grains are initially surrounded by a liquid soln. of a^rtain constituents which 
solidifies owing to the removal of water — by percolation or climnical action. This 
solidification may take place by crystallization, but if very thin it may congeal in 
an amorphous condition. These amorphous films or layers impart to the whole 
mass its great hardness and strength. 

According to E. Martin,* if a mixture of a mol of silica and two mols of oalciiiin carbonate 
be heated at 1200^ and the free lime removed with a soln. of sugar, the resulting silicate, 
lOCaO.SSiOj, or (Ca^SiOilj, is inactive as a cement. It is completely soluble in acetic 
acid ; sodium carbonate removes 3 mols. of the silica from it. ('ement silicate is obtained 
by heating a mixture of a mol of silica with 3 mols of calcium oxide at 1400" ; it is 
never free from the inactive silicate, 6Si(),.l(KJaO, but its composition is deiluced to be 
SSiOj.lSCaO. It is completely soluble m acetic acid, but is unaffected when boiled for 
a short time with sodium carbonate soln. ; prolonged treatment with the cold soln, removes 
2 mols. of the silica. When it sets there is liberated 3Ca(OH)j with the formation at first 
of fiSiOj, 10CaO.2H,O, which gradually undergoes further hydrolysis. When setting takes 
place in presence of carbon dioxide a protective coating of calcium carbonate is formed. 
Prolonged heating of silicate cement at 1000'^' causes it to dissociate into 58iOj.lOCaO and 
3CaO. The silicate thus formed is not identical with the inactive silicate of the same 
composition, but is of a little value as a cement. A hydraulic cement of the composition 
6SiO„8CaO was obtained by heating a mixture of hydrated silica (obtained from the 
acetate) with 2 mols. of CoCO, at 1200". 

The physical and chemical properties of portland cement, and the effect of 
various salts on the setting and endurance of the cement are described in special 
books on the subject. 

S, Habianitsch, Neuere Zementforschungen, Herlin, 1908; C. H. Desch, The (!heftmtry 
and Testing of Cement^ London, 1011 ; H. Kiihl, Zement und morteltechnische IStudien, 
Berlin, 1913 ; H. Kiihl and W. Knothe, Die Chemie der hydraulischm BindemiUel, Leipzig, 
1916 ; E. Leduc and G. Chenu, Chaux, (Hinents, Pldtres, Paris,* 1912 ; B. Blount, Cement, 
London, 1920; H. Burchartz, Hydraulischir Kalk, Berlin, 1913; D. B. Butler, Portland 
Cement, London, 1913 ; S. Kasai, Portlandzem-ent mil Puzzolanzusatz, Berlin, 1911 ; 
A. C. Davui, Portland ('ement, London, 1909 ; A Hundred Years of Portland Cement, 1824- 
1924, London, 1924 ; E. C. Eckel, Cements, Limes, and Plasters, New York, 1922 ; F. Quiot- 
raoyer, Zur Qeschichte der Erfindung des Portlandzeimntes, Berlin, 1912 ; C. Naske, Die 
Portlandzemcnt-Fabrikation, Leipzig, 1914 ; R. K. Meade, 1 Portland Cement, Easton, Pa., 
1911 ; H. E. Howe, The New intone Age, London, 1921 ; O. Wheatley, Ornamental Cement 
Work, London, 1912 ; W. P. Taylor and S. E. Thompson, Treatise on Concrete, New York, 
1919 ; G. R. Redgrave, Calcareous (Jements, London, 1895 ; G. R. Redgrave and C. Spack- 
man, Calcareous (Jements : Their Nature, Manufadure, and Uses, London, 1924 ; C. Schoch, 
Die modeme Aufhereitung und Wertungder MMel-Matenalien, Berlin, 1896 ; F. P. 8|)aldmg, 
Hydraulic Cement, New York, 1903 ; A. Considero, Experimental Researches on Reinforced 
Concrete, New York, 1903 ; E. Candlot, (Jiments el chaux hydrauliques, Paris, 1898 ; hude 
pratique sur le ciment de Portland, Paris, 1866 ; W. Micliaelis, jWe hydraulischm MCrtel, 
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§ 39. Topaz 

The TOTrd^o? of Theophrastus’ llcp'i \Wiov, and the topazius of Pliny’s Historia 
mturalis (87. 42), referred to what is now called chrysolite, and their chrysolite 
refers to what is now called topaz ; or, as A. B. de Boodt^ expressed it, topazius 
vulgaris erat chrysolithos veterum. According to Pliny, the name topaz was adopted 
from that of an island in the Red Sea. The topaz was mentioned by J. de Laet, 
J. F. Henckel, J. G. Wallerjus, A. CVonstedt, C. Linnseus, etc. The crystals were 
described by J. B. L. Rome de I’lsle, R. J. Haiiy, J. A. Monteiro, A. Russell, and 
A. Levy. 

W. Hisinger and J. J. Berzelius applied the term pyrophyaalite — from nvp, fire ; and 
dvoaXls, a bubble — to a coarse, opaque, yellowish-whiite, compact mass of topaz from 
Finbo, in allusion to its intumescence when heated before the bloMq)ipe flame, 
C. A. S. Hofmann considered the first syllable to be redundant and called it physalitc. 
A. G. Wenier, A. Cronstedt, B. G. Sage, and J. B. L. Rom6 de I’lsle referred to a white 
schorl, or a schorl-like beryl which J. C. Delam6therio called leucohte ; D. L. G. Karsten, 
Stangmstein ; M. H. Klaproth, schorlUe ; R. Kirwan, shorlite ; and R. J. Haiiy, pycnite — 
from nuHv6s, dense, compact. The compact mineral with a columnar structure was 
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considered to be a distinct species because G. Forohhammer said that the mineral is 
inonoclinic, while topaz is rhombic. G. Rose, and A. des Cloizeaux allowed that the 
properties of the crystals are the same as those of topaz ;* and C. F. Rammelsberg showed 
that the two minerals have the same chemical composition. 


Early attempts were made to find the chemical nature of topaz. J. H. Pott 2 
reported that by calcination the crystals became matte, and brittle. A. S. Marggraf’s 
analysis indicated that the dominant constituents were alumina and lime ; but 
this was made ten years fiefore^he discovery of hydrofluoric acid. M. H. Klaproth, 
L. N. Vauquelin, J. C. Wiegleb, and J. T. Lowitz found that the chief constituents 
of topaz are silica and alumina ; but M. H. Klaproth's analysis was about 7 per 
cent, low; he then showed that the missing component was fluorine, and 
L. N. Vauquelin found that the actual amount of fluorine in the mineral approaches 
20 per cent. J. J. Berzelims, G. Forchhaminer, H. St. C. Deville, and C. F. Rainmels- 
berg approached the problem with improved methods, and since then many 
analyses have been made. C. F. Rammelsberg ^ assumed that tojiaz is 
an anhydrou.s silicate, and that the small amount of water indicated in many 
analyses is due to decomposition. He gave the formula n A 128105. A 18 iF,o. 
G. Stadeler gave Al2Si04F2, and ho regarded it as a compound of aluminium 
silicate, SiO : O2 : {AlO)2, and aluminyl fluosilicate, SiF2(A10)2. H. Klemm used 
a mixture formula like that of C. F. Rammelsberg. P. Groth represented topaz as 
an isomorphous mixture of andalusite, Al(A10)Si()4, and the fluoride A1(A1P\2)S104. 
F. W. Clarke and J. 8. Diller represent tlin composition by Al3(Si04)3(AlF2)3 
analogous with Al3(Si04)3(A10)3 for andalusit<v-both derivatives of aluminium 
orthosilicate Al4(Si04)3. 8. L. Penfield and J. (’. Minor assume the formula of 

topaz to be Si04(AlF)2, or Al=8i04— AIF2 ; lik(‘ ]^ Jannascii and J. Locke, they 
consider that the hydroxyl can replace the fluorine isomorpliously, and tlu^y write 
Si04{Al(F,0tl)|2. Topazes corresponding with the end-member, 8i04(AlF)2, are 
known, and Brazil furnishes a topaz with F : OH~- 3 : 1 which is the highest 
hydroxyl derivative known. P. Erculisse regarded the topazes as salts of fluo- 
aluminosilicic acids. K. Daniel represented topaz as dialuminyl difluosilicate I 


Fo 


■8i-. 


O-AI-0 
O-Al --0 


Topaz. 


0-Si< 


O-Al-0 

O-AI-0 


Cyaalte. 


W. and D. Asch, postulating their hexites and pentites, assume a series with one 
terminal member, (0H)i2Ali2Sie024, and by tne successive replacement of hydroxyl 
by fluorine arrive at the other terminal member, Fi 2 Ali 2 Si(j 024 . C. F. Rammels- 
berg observed that when topaz is lieated to redness part of the fluorine escapes as 
silicon fluoride and part as aluminium fluoride ; and W. and D. Asch affirm that 
twice as many fluorine atoms are united to the aluminium as are united to the 
silicon atoms, and added : 


Weitere Unterauchungeii miiaaten ergol>eii, dass daa Verhaltnis dos als FluorHilicum 
fortgohonden Fluors zu dom als Fluoraluminiura sich abspaltendon ~ 1 : 2 i«t. 


Even if the premise be correct, so many secondary changes might obscure the 
issue that the “ must ” is too dogmatic. They also stated that only the fluorine 
atoms united to silicon, but not to aluminium, are easily replaced by hydroxyl 
radicles. 

Topaz usually occurs along with toumaline, jaica, beryl, apatite, fluorite, and 
cassiterite in granite or gneiss, and especially in Stanniferous pegmatites ; * Brazilian 
topazes occur in decomposed material, which, according to 0 . A. Derby, was 
probably a mica schist. W. Cross also found it in cavities in rhyolite ana other 
volcanic rocks. C. G. C. Bischof discussed the formation of topaz from kaolinite, 
and felspar by the action of alkali or aluminium fluorides. It is probable that 
gaseous emanations containing fluorine have played an important part in the 
genesis of topaz. A. Daubr^e reported the synthesis of a substance allied to topaz 
VOL. VI. 2 o 
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by beating alumina in a stream of silicon tetrafluoride, but H. St. C. Deville was 
unable to get a fluoriferous cpmpound by this means. C. Friedel and E. Sarasin 
also said that they prepared a substance like topaz by heating a mixture of alumina, 
silica, water, and hydrofluosilicic acid at 500®. The only satisfactory synthesis 
is that by A. Reich, who heated a mixture of silica and aluminium fluoride at a 
bright red heat, and afterwards ignited the product in a stream of silicon tetra- 
fluoride. The composition and crystallographic properties of the product agreed 
with those of topaz. , * 

Topaz occurs usually in colourless, prismatic crystals ; it also occurs in colunmar 
masses, and coarse- or fine-grained masses. The colour may be white, straw-yellow, 
wine-yellow, grey, green, pale blue, or pale pink. The cause of the coloration is 
not known. L. Wohler and K. von Kraatz-Koschlau assumed that the topaz from 
Villa Rica is coloured by chromium ; W. Hermann found topaz coloured with iron 
oxide, but the results were indecisive with respect to chromic oxide ; and 
C. F. Rammelsbt'rg said that the topaz from Schnekenstein is coloured by a hydro- 
carbon. G. 0. Wild and R. E. Liesegang also investigated the colour of the topaz. 
The crystals of topaz are sometimes red with enclosed microscopic crystals of rutile, 
ilmenite, or hiematite. As shown by D. Brewster,® topaz contains liquid inclusions, 
e.g. water, liquid carbon dioxide, and possibly another kind of liquid. One liquid 
had a refractive index of 1*311 and a high coeff. of thermal expansion ; it was called 
hretcsterlin, brewstolin, and hrewsterlinite by J. D. Dana. Another liquid had a 
refractive index 1*2946 and a coeff. oj. thermal expansion nearly like that of water ; 
it was called cryptolin by J. D. Dana. These two liquids are immiscible. T. Erhard 
and A. Stelzner found the critical temp, of hrewsterlinite to be near that of carbon 
dioxide. A. E. von Nordenskjdld observed in a Russian topaz a liquid which 
appeared to be a hydrocarbon like naphtha. Thtjre are besides crystals of several 
kinds of soluble salts within the fluid. This subject has been discussed by 
W. N. Hartl( 7 , A. A. Julien, H. Vogelsang, and H. Rosenbusch. No carbon 
dioxide is liberated in many of the reactions in which topaz has been formed in 
nature ; and the presence of liquid carbon dioxide inclusions in the crystals shows 
that the liquid happened to be present when the crystals were formed. That a 
high temp, prevailed at the time of crystalbzation is evidenced by the fact that 
many of the cavities are only half filled with water. Both the water and the 
carbon dioxide are due to the condensation from enormously compressed vap. 
wliich, as W. N. Hartley expressed it, formed a kind of emulsion in the silicate 
soln. before crystallization occurred. 

Topazes for use gem-Btones come from Kussia, Brazil, Australia, etc. Colourless 
topaz, known also as pimjos (/’oj/oa —drops of water -are cut in the form of brilliants; 
the sp. gr. is near that of the diamond, but their birefringence and index of refraction are 
smaller than those of the diamond. The lustre and brilliancy of the topaz are much less 
than is the case with the diamond. Yellow conindum is also sold as a gem-stone, under 
the name oriental topaz, ^lany yellow stones sold as topaz — golden topaz, and Spanish 
tapaz —are really quartz ; and they are often heateil to convert them into the more 
valuable pink topaz. Bink topaz is distinguished from pink tourmaline by the sp. gr. and 
dichroi.sni. The violot-red topaz of Sanarka River is verj' rare. Bluish green and blue 
topaz are sold in the trade as beryl or aquamarine. The two minerals can be distinguished 
by their sp. gr. 

According to N. von 'Kokscharoff,® the crsrstals of topaz belong to the rhombic 
system and have the axial ratios a :h: c— 0*528542 : 1 : 0*476976. Observations 
were made by A. des Cloizeaux, G. vom Rath, L. Griinhut, G. Rose, V. Goldschmidt, 
V. Rosicky, M. Hoshma, H. Bilddng,* D. Brewster, H. Laspeyres, P. Groth, 
A. Corsi, A, Breithaupt, P. von.Jeremejeff, W. E. Hidden and H. S. Washington, 
etc. V. Goldschmidt and R. Schroder, and L. Cahn described some growths of 
topaz needles on garnet. The cleavage of the crystals parallel to (001) is perfect, 
but imperfect parallel to (101) and to (011). These directions, according to 
0. Mflgge, correspond with the percussion flgm. H. Baumhauer, M. Eichler, 
V. Rosicky, S. Ichikawa, and A. Pelikan studied the corrosion . figures. 
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A. N. Ailing, C. Hintze, A. des Cloizoaux, P. Groth, E. Bertrand, and W. Ramsay 
measured the optic axial angles. A. Midheims found : 

o- B- C- D- E> ft* B-line 
2V . .65“ 59' 66“ 68^' 65“ 68' 66® 41' 66“ 12^' 66“ 12' 64“ 64^' 

and F. Rudberg gave : 

E- F* (^ H'llne 

2F. . 66“59' <' 56“ 43' 66® 61' 56“ IP 

2K . . . 100“ 65' 100“ 32' 99“ 0' 97“ 60' 

A. des Cloizoaux found that at 20'^, 2E— 119° and at 250°, 2E~123°. P. Groth 
also found a small increase in the axial angles when the ttnnp. is raised. S. L. Pen- 
field and J. C. Minor measured the effect of the relative proportions of fluorine and 
combined water on the sp. gr. and on the optic axial angle. The results for Na-light 
are indicated in Table XX. The faces in the prismatic zone are often vertically 


Table XX. — Effect of Composition on the Optic Axial Angle of Topaz. 


— 

! 2B 

Sp. gr. 

Per cent. ¥ 

Per cent. H*0 

Thomas Ran^e . 

I 

. 1 126“ 53' 

3-665 

20-37 

0-19 

Nathrop, Colorado 

. ! 125“ 61' 

3-667 

20-42 

0-29 

Tenagan, Japan 

120“ 59' 

3-565 

19-50 

0-67 

Aduntschilon, Siberia 

1 118“ 46' 

3-602 

19-24 j 

0-58 

San Lius, Mexico 

118“ 17' 

3-575 

19-53 

0-80 

Schneckstem, Saxony 

114“ 28' 

3-555 

1 18-50 

0-93 

Stoneham, Maine 

113“ 60' 

3-560 

1 18-66 

0-98 

Minas (Jeraes, Hrazd . 

84“ 28' 

3 532 

15-48 

2-46 


striated ; they often show vicinal planes ; and sometimes appear hemimorphic. 
F. Scharf! made some general observations on the structure of the crystals of 
topaz. The optical anomalies were observed by D. Brewster, A. des Cloizeaux, 
and A. Mack ; and to explain them E. Mallard supposed the crystals of topaz to 
be pseudo-rhoinbie, really monoclinic. The optical anomalies are probably duo to 
variations in the composition of different parts of a crystal resulting in variations 
in the density ; and producing molecular strains. H. Haga and F. M. Jager, 
and J. Leonhardt examined the X-radiograms of topaz ; •the last-named found 
that for the elementary parallelepiped, a~4'6 A., h~S'7S A., and c=8'37 A., in 
agreement with the axial ratios 0 5285 : 1 : 9546. There are four mols. in each 
elementary parallelopiped ; and it is assumed that there are no SiO^-groups, but 
that SiOo-groups are present. Each of the four molecules corresponds with 
Al2F202.Si02. The corrosion figures were studied by H. Baumhauer, E. S. von Fe- 
doroff, V. Goldschmidt, V. Rosicky, and A. P. Honess. 

The observed Specific gravity of topaz ranges from 3'40--3 6r). A. H. Church 
found for white, flawless, Brazilian crystals, 3’571-3'597 ; for sky-blue crystals, 
3’541 ; and for wine-yellow crystals, 3 539 before ignition, and 3 533 after ignition. 
I. I. Saslavsky studied the mol. vol. of topaz. The hardness of topaz is between 
that of quartz and that of corundum,’and is 8 on Mohs’ scale. A. Rosiwal meaBurt‘d 
the hardness of topaz ; and P. J. Holmquist, the abrasive hardness (quartz 1000), 
using carborundum of different grain-sizes as ^Jie^ibrasive. He gave for the (110)- 
face, and for the (OOl)-face, 813 ; and for the (OOl)-faoe, 633. W. Voigt found for the 
moMusoIriasticity.Ei - 23,040,^2-28,900, JF8=26, 520, i?4==26,700, ^5=28,920, 
andEfl=31,860kgnn8. per sq.mm. ; forthetondonmoduhlS, he found r 23 — 11,040, 
f 3 j=: 13,530, and Ti2=13,360 kgrms. per sq. mm. ; and for the compressibility 
j8=0*60x 10^. F. Auerbach gave for the elasticity modulus perpendicular to the 
base, 28,100-30,200 kgrms. per sq. mm. B. Riecke has made some observations 
on this subject. H. Fizeau found the coeff. of thennal expansion to be a— 0*068325 
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in the direction of the a-axis, 0’058362 in the direction of the 6*axis, and 0 054723 
in the direction of the c-axis. * E. Pfaff gave a=0'058325 for the a-axis, a=0 054723 
for the 6-axis, and a~0*058362 for the c-axis ; this makes the coeff. of cubical 
expansion 0*00002137. A. Ollret made some observations on this subject. 
F. E. Naumann found the sp6Cific hoftt of topaz 0'2000-0’2037 ; J. Jolly, 0*1997- 
0*2004 between 10° and 100° ; and G. Lindner found 

60* 100* 160* c 200* 250* 

Sp. ht. . . . 0*2097 0*2151 02270 0*2357 0*2508 

According to G. Forchhamraer, and H. St. C. Deville, topaz, at a white-heat, loses 
the whole of its fluorine* as silicon tetrafluoride ; and, according to C. F. Rammels- 
h(*rg, both silicon and filuminium fluorides are given o^—^ide supra. According to 
W. Vernadsky, topaz is transformed into sillimanite at a white heat. At a high 
temp., topaz melts and furnishes a glassy mass in which are crystals of sillimanite ; 
these* crystals are developed at a lower temp, if heated with a fluoride as a flux. The 
indices of refraction have been measured by A. des Cloizeaux, V. Rosicky, 
J. C. Heusser, A. Miilheims, P. Groth, F. Rudberg, A. N. Ailing, etc. A. Miilheims 
gave for light of different wave-length : 

a- R> C- n* 6* J'-llne 

a. . . l*«oni6 1 61000 1*61091 1*61327 1*61616 1*61680 1*61870 

/3 . . . 1 61187 1*61273 1*61366 1*61597 1*61882 1*61947 1*62134 

7 . . 1*618.38 1*61926 1*62019 1*622.52- 1*62542 1*62608 1*62792 

8. L. I‘en field and J. C. Minor studied the effect of fluorine and combined water 
on tin* index of refraction, for Na-light, and found for the Thomas Range topaz 
with 0*19 per cent, of water and 20*37 per cent, of fluorine, and the Minas Geraes 
topaz with 15*48 per cent, of fluorine and 2*45 per cent, of water (vide Table XX): 

a ^ y y— a 

'PhoinaH Uango . 1*6072 1*6104 1*6176 0 0104 

Minos (loracK . . 1*6294 1*6;108 1*6375 0 0081 

A. Offret measured the offi^ct of temp, on the indices of refraction and found that 
raising the temp, from O'* -100° increased a by 0*00081, jS by 0*(X)090, and y by 
0*00080 per 100°. The birefringence is low and, as just indicated y— a decreases 
with increasing proportions of hydroxyl. A. Offret found for Na-light at 0°, 
y - a- 0*00777 per degree rise of temp, between 0° and 300” ; similarly jS -a 
-0*00131 per degree ; and y— j3=:0*(KX)50 p(ir degree. Some crystals of topaz are 
markedly pleochroic / d. Grailich and V. von Lang, A. Kenugott, and L. Grlinhut 
have made observations on this subject. 

E. Engelhardt found that ivltra- violet light induces a feeble luminescence. 
J. Schingaglia showed that yellow topaz gives red fluorescent light which is not 
always completely polarized. E. Newbery and H. Lupton found that colourless 
and yellow topaz did not exhibit any thennoluminescence either before or after ex- 
posure to radium rays. A yellow topaz became pink when heated, and regained its 
original colour, perhaps even a deeper yellow, by exposure to radium radiations ; 
when rt'heated there was a slight thermoluminescence. C. Doelter found that 
radium rays coloured white topaz, orange, and wine-yellow topaz, a dark orange. He 
also found that topaz is less transparent than andalusite or cyanito to X-raSTS, and the 
introduction of fluorine fs assumed to give increased opacity. The colour of topaz 
is intensified by X-rays ; and a colourless topaz became yellow after 24 hrs.’ ex- 
posure. Topaz is not affected by cathode rays, and it does not phosphoresce. 
Exposure to ultra-violet rays undoes the effect-s produced by radium rays. N. von 
Koksoharoff showed that a dark yellow Siberian topaz was almost completely 
bleached by exposure to light. W. Hermann found that Brazilian yellow topaz 
became pink when heated in oxygen ; lilac, in nitrogen ; and green, in sulphur 
vapour. A specimen heated in oxygen after treatment with radium was found by 

C. Doelter to be almost colourless, and lilac if heated in nitrogen. S. C. Lind and 

D. C. Bardwell also studied the action of radium rays on topaz. 
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The pyroelectricity of crystal^ of topaz was examined by R. J. Haiiy, A. Ertnaii, 
J. D. Forbes, W. G. Haukel, P. Riess and G. Rose, C. Friedel and P. and J. Curie, 
A. Mack, and J. Beckenkamp. Most crystals are pyroelectric in the direction of 
their vertical axes ; and doubly terminated crptals become electrified at the two 
ends, and may therefore be twins. R. J. Hatiy noted the extreme sensitiveness of 
topaz to develop electricity by friction. C. Friedel and P. and J. Curie observed that 
Brazilian topaz exhibits piezoelectricity, ^ince it becomes electrified by pressure. 
C. Doelter found that the electric conductivity increases, or the electric resistance 
decreases, with rise of temp., and he assumed that the high temp, conductivity is 
electrolytic : 

Resistance . . 190,000 116,(H)0 10,060 .‘UOO 2000 ohms. 

W. Schmidt found the dielectric constants to be ea"6-65, Cft .~6’70, and 
W. Voigt and S. Kinoshuto found the magnetic susceptibility, paralt'l to the 
a-axi.s, to be —410x10”^; to the h-axis, -4’20xl0“'^; and to the c-axis, 
— 4 20x 10~“. B. Bavink studied tlie magnetic jiroperties of the crystals. 

Topaz is only partially attacked by sulphuric acid. J. Lemberg^ found that 
when topaz is heated with a soln. of sodium silicate for 174 hrs. bt't ween 2(K)'^ and 
210°, an alkali alumino-silicate of a zeolitic character is forimal. Acconling to 
F. W. Clarke and J. S. Diller, topaz readily altera by hydration and by tin- action 
of percolating soln., and is transformed into muscovite. They add that the reported 
changes to steatite and lithomarge or kaolinit«‘ are ])robably mal-infcrences. 'Phe 
alteration of topaz has been also discussed by A. Atterheig, K. J. V. Steenstrup, 
etc. 
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§ 40. The Alkali Aluminium Silicates 

A number of alkali aluminium silicates have been prepared ; but with most 
cases the only evidence of chemical combination is chemical analysis, and in some, 
the formation of crystals which may or may not be isomorphous mixtures. Some 
of the processes have been discussed in connection with the synthesis of minerals. 
There is often a difficulty in the study of these ternary systems by the usual tliermal 
methods because the vitreous jjroducts do not crystallize readily. R. Itieke,! and 
G. Flach studied the fusibility of mixtures of sodium and potassium oxides ami clay. 
J. J. Berzelius, F. Fouque and A. Michel-Levy, S. J. Thugutt, G. Stein, J. Moro- 
zewicz, W. (J. Brogger and H. Backstrdm, W. Vernadsky, and P. G. Silber described 
products obtained by fusing together mixtures of silica, alumina, and sodium 
carbonate ; and crystals corresponding with NaoO : A 1^0 3 : Si02~-2 : 1 : 2 ; 
1:1:2; and 3:3:6; have been reported. T. J. Pelouze, and W. K. 8. Turner 
and co-workers made a series of alkali-alumina glasses. J. J. Berzelius, and 
G. Stein obtained the 1:1:2 potassium compound in a similar manner. 
P. Berthier, in his study of the fusibility of slags, worked with mixtures corresponding 
with the two alkali felspars 1:1:6, and also with 3 : 5 a33. The 1:1:2 com- 
pounds are discus-sed in connection with the ncphelitc family, A. Gorgeu claimed 
to have made the 1:1:1 compound by fusing at a red heat an intimate mixture 
of kaolinite and potassium carbonate in a current of moist air. After drying in 
vacuo, the composition of the washed products corresponded with potassium 
dialuminyl orthosilicate, KgALSiOg, or K 2 (Al 0 ) 2 Si 04 . If the 2 : 1 : 2 compound 
bo not a mixture, then the product with the composition Na4Al2Si209 is presumably 
sodium dialuminyl orthosilicate, Na 4 (A 10 ) 2 Si 207 . This product was made by 
P. G. Silber by heating an intimate mixture of kaolinite and sodium carbonate for 
a long time, and leaching the soluble sodium carbonate and silicate from the mass. 
The product is decomposed by hydrochloric acid with the separation of gelatinous 
silicic acid ; gaseous hydrogen chloride at 150° converts one-third of the sodium into 
soluble chloride ; and digestion with cone. aq. soln. of silver nitrate at 130° rapidly 
converts it into canary-yellow silver 4ialupiinyl orthosilicate, Ag4Al28i20fl, or 
^84(^10)281207. 

Quite a number of alkali aluminium silicates have been prepared by hydro- 
thermal processes. G. Friedel, for instance, obtained monoclinic, pseudocubic, 
doubly -refracting crystals with the com|)o.sition 6Na20.3Al203,8Si02, accompanying 
the hydronepheiite formed by the action of a 9 per cent. soln. of sodium hydroxide 
on potash-mica at 500°. The sp. gr. was 2*660 at 12*5° ; and the product was easily 
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decomposed by cold hydrochloric acid. H. St. C. DeVille obtained a product with the 
composition Na2O.Al2O3.3SiO2.3H2O by the action of a very cone. soln. of sodium 
hydroxide on kaolinite, orthoSase; or bauxite ; and F. Singer reported a similar 
product in small scaly crystals, but with the composition Na2O.Al2O8.3SiO2.4H2O. 
H. St. C. Devillc similarly obtained K2O.Al2O3.38iO2.3H2O ; and 8. J. Thugutt, 
K2O.Al2O3.3SiO2.2H2O, by the action of an aq. soln. of potassium carbonate 
on nophelite, scdalite, kaolinite, and pther silicates. J. Lemberg obtained 
K2O.Al2O3.4SiO2.3H2O by digesting zeolites, phillipsite, labradorite, analcite, or 
leucitc with an aq. soln. of potassium carbonate,^ or by digesting aluminium 
hydroxide in a 10 per cent. soln. of potassium disilicate at 196°-200°. J. J. Berzelius 
mixed an aq. soln. of potassium aluminate with silicic acid, and H. St. C. Deville 
heated potassium aluminate and silicate at 200®, and obtained a crystalline powder 
of K2O.Al2O3.4SiO2.4H2O. B. von Ammon reported Na2O.Al2O3.48iO2.3H2O, 
to be formed when a hot soln. of alum is allowed to stand in contact with crystallized 
sodium silicate— wde infra, leucite. F. Singer also obtained a product with the 
composition Na2O.Al2O3.4SiO2.4H.2O ; and another with the composition 
Na2O.Al2O3.5SiO2.5H2O. J. Lemberg obtained K2O.Al2O3.6SiO2.6H2O by the 
action of a soln. of sodium silicate and potassium chloride on albite ; and F. Singer 
obtained Na.i0.Al203 : 6810.2 : 4H9O. The latter also reported the silicates 
NagO : AI2O3 : SiO : HgO, 1 : 1 : 7 ?5 ; 1 : 1 : 10 : 7 ; 1:1:12:6; 1 : 1 : 15 : 5 ; 
and 1 : 1 : 20 : S —vide infra, permutites. 

K. von Hausliofer treated a soln. of water-glass with potash-alum and obtained 
‘a precipitate approximately 1 : 1 : 12 »40, but much free silicic acid was present. 
W. Heldt said that the precipitate after washing is free from alkali and approxi- 
mates 0 : 2 : 15 : 10. B. von Ammon also said that if crystalline water-glass be 
added to an aq. soln. of aluminium sulphate a clear soln. is obtained until finally a 
])recipitatc begins to form. If a soln. of water-glass be treated with an excess of 
aluminium sulphate, the resulting precipitate contains AlgOg.SSiOg, which after 
washing still retains about one per cent, of the alkali silicate. By digesting 
aluminium hydroxide with an aq. soln. of water-glass for 6 days at 100®, 
J. liemborg obtained a jirecipitato approximating 1 : 1 : 5 : 0 after thorough 
drying. W. Heldt said that moist aluminium hydroxide removes no silica from 
a cone. soln. of water-glass, J. JiCmberg digested aluminium hydroxide with a 
soln. of sodium silicate and sodium sulphide and obtained a precipitate with some 
of the sulphide ; similarly also with soln. of sodium sul])hate, carbonate, and 
chloride. There is nothing to show that these })roducts were chemical individuals — 
vide infra, the sodalites./ 

U. Pratolongo studied the variation in the composition of the precipitates 
produced by mixing soln. of sodium aluminate and silicate of different cone. 
Working with a soln. containing 19'360 grms. of sodium silicate per litre, he found 
that when mixed with : 


rercentage composition of precipitate. 


Stxlium aluminate 
Orms. per litre. 

H|0. j 

SiOj. 

Ai,0,. 


Na,0. 

42-318 

79-26 

41-63 

26-66 

i” 

[ 

31-81 

21-,3()9 

84-26 

43-30 I 

26-71 


30-99 

8-624 

93-30 

46-52 1 

24-06 


30-42 

4-261 

94-06 

61-80 

20-14 


28-06 

2-131 

Golatinizatfon * without pret'ipitation 

_ 1 , 




He also measured the variation in the solubility of one of the components according 
to the amount of solid present ; and he found the variations in the amounts of 
potassium or ammonium chloride adsorbed by the solid with the relative proportion 
of solid phase present. 
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The three minerals eucryptite, nephelite, and kaliophilite form a group which 
can be called the nephelite family. The mineral eucryptite— from well, and 

icpvTrros, hidden — forms with albite an apparently homogeneous substance which 
was once called P-spodumene. This latter term, by the way, is now applied to a 
variety of spodumene proper. G. J. Brush and E. S. Dana ^ showed that, under the 
microscope, jj-spodumene is made up of two minerals, and, when treated with 
hydrochloric acid, it gives a residue of albito, and eucryptite passes into soln. with 
the gelatinization of the silicic acid. 

Eucryptite has a composition correspond- 
ing with lithium aluminium orthosili- 
cate, LiAlSiO^, or lithium dumino-artho- 
silicate. F. W. Clarke and J. S. Diller 
represent the constitution by the tripled ^ 
formula (AlSi 04)2 : Al.Si 04 Li 3 — vide ^ 
nephelite. P. Haiitefeuille and A. Pcrrey ^ 
synthesized this compound by fusing a S 
mixture of kaolinite and lithium vana- 
date; and Z. Weyberg, by fusing a 
mixture of lit hium sulphate and kaoli- 
nite. Hence, he regarded eucryptite as 
the lithium salt of what he called haolink 
acid, HAlSi 04 . The compound was also 
made by A. S. Ginsberg, F. M. Jager and 
A. Siraek, and R. Ballo and E. Dittler, Fio. 129 . - -Kreczing-point Curvea of the 
by fusing the right proportions of the Binary System : Li|Si()4-Al 4(8104) 3. 
constituent silicates. Fig. 129, in a 

closed crucible at 1500°. This f.p. curve by R. Ballo and E. Dittler has 
two eutectics with an intervening maximum corresponding with the compound 
Li 4 Si 04 .Al 4 (Si 04 ) 3 , or LiAlSi 04 , melting at 1330°, which resembles (uicryptite 
although the crystals were not sufficiently well-developed completely to establish 
the identity. A second compound, 3 Li 4 Si 04 .Al 4 (Si 04 ) 3 , or Li 3 Al 2 (Si 04 ) 3 , lithium 
dialuminium orthosilicate, decomposes at 1079°, i.e. below its m.p.—c/. A, Fig. 129. 
Only a portion of the ternary system Li 20 -Al 203 - 8 i 02 was studied. R. Rieke 
studied the action of lithia on clay (7.V.). 

In 1773, J. J. Ferber,3 and in 1775, 1. 8. R. I. Eques a Born described some 
crystals of a mineral from Monte Somma, Vesuvius, which was called sonmite 
by J. C. Delametherie in 1797. R. J. Haiiy applied to th^ same mineral the name 
nepkeline — from a cloud — in allusion to the cloudy appearance it assumes 

when placed in nitric acid. The name is sometimes altered to nephclito. 

F. de BellovuG applied the term pscAidosommiie to some crystals from Capo di Bove 
which closely resembled those from Monte Somma, as shown by F. Zambonini ; the term 
paeudoncphedine was used for the same mineral. P. Carpi made a wrong analysis of this 
mineral. R. J. Haiiy showed that all these substances belong to the same mineral 
species. According to X. Scacclii, pseudonepheline is represented by distorted crystals of 
sodalite. T. Monticelli and N. Covelli’s nephelina, davinct or duvyn — named after H. Davy 
— and their cavolinite — named after F. Cavolini — were considered to be possibly una ttoUo 
specie, but A. Scacclii, H. Rauff, and E. Bertrand showed that they are different -vide 
infra. M. H. Klaproth applied the term elaeolUe—itom ixatov, oil— to a nephelite frorn 
Norway in allusion to its greasy lustre ; A. G. Werner previously called this mineral 
Fettstein, and R. J. Haiiy, pierre de grasse. C. Hartmann, and A. des Cloizeaux consider^ 
the mineral phonUe, from Norway, to boja nephrite; W. C. Brbgger showed that the 
gaIbbroniU or gabronite of C. F. Schumacher is probably el®olite. 

The first analyses of nephelite were made by L. N. Vauquelin,* A. Arfvedson, 
J. N. von Fuchs, C. G. Gmelin, M. H. Klaproth, and T. Scheerer. Numerous other 
analyses have since been made.^ T, Scheerer ® based a formula of the type 
(Na,K)8Al8Si8034 on his analyses, while 0. Bromeis advocated the simpler formula 
NaAlSi 04 . The latter formula may be regarded as representing that of an 
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idealized mineral. H. W. Foote and W. M. Bradley pointed out that the mol. 
ratio AI2O3 : Na20 is nearly 1:1, and the ratio 8162 : AI2O8 varies from about 
2 to 2-21 : 1. There is often thwefore an excess of silica above that required by the 
formula NaAlSi04. Synthetic nephelite is SOdium alumimum Orthosilicate, 
NaAlSi04, or sodium alumino-(yrt}u>silicaiey which appears to have the same type of 
mol. as eucryptite, and kaliophilite ; but the average of the best analyses corre- 
sponds more nearly with T. Scheerer’s fofmula, which was also recommended by 
H. Bauhf. C. F. Rammelsberg assumed that natural nephelite is a mixed mineral 
containing both the metasilicate, KAlSi205, and the orthosilicate, NaAlSi04. 
C. Doelter made nephelite by fusing together these two silicates. 8. J. Thugutt, 
J. Morozewicz, 8. Hillebrand, F. 8. Starrabba, P. G. Tschermak, and W. Karandejeff 
also assumed that nephejitc is a kind of additive compound or a solid soln. of two 
or more silicates. In order to account for the excess silica in the analyses indicated 
above, H. W. Foote and W. M. Bradley suggested that nephelite is a solid soln. 
of RAlSiOi and silica ; while F. W. Clarke supposed the presence of potassium is 
due to admixed kaliophilite, and that the excess of silica in the natural mineral is 
due to the isomorjihic replacement of Si04 by SisOg so as to form a salt isomeric 
with albite, [NaAlSi308]3, which is admixed with the nephelite and kaliophilite. 
This view is kvoured by W. T. Schaller, and N. L. Bowen. The pseudonephdite or 
pseudosommite of F. Zambonini, obtained from Cape di Bove, is an isomorphous 
mixture of nephelite and kaliophilite. J. Lemberg’s transformation of nephelite 
into kaliophilite by heating it and a soln. of potassium silicate for 100 hrs. at 200°, 
shows the equivalency of nephelite and kaliophilite. Since (i) eucryptite and 
nephelite both readily alter into muscovite or paragonite, and conversely (ii), since 
C. and Q. Friedel found that muscovite can be changed into nephelite by heating 
it in a soln. of alkali at 500°, F. W. Clarke argued that the constitutional formula 
of muscovite, paragonite, and nephelite must be of the same type ; and “ the 
formula of muscovite is the key to all the other formulae in this group of silicates.” 
He therefore writes : 

Al,(Si 04 ) 3 KHj Alj(Si 04 ),NaHj ALiSiO^ljNaa Alj(Si 04 ),Ks Al 3 (Si 04 ) 3 Li, 

Miucovite. Paragonite. Nephelite. Kaliophilite. Eucryptite. 

or graphically : nephelite, (Al~Si04)2=Al-Si04=Na3 ; and muscovite, 
(Al=Si04)2— Al— Si04=KH2. The tripled formulae were supported by an experi- 
ment of P. G. Silber in which one-third the sodium of nephelite is replai^ed by silver 
when the nephelite is heated with a soln. of silver nitrate in a sealed tube. The 
resulting silver nephelite fs interpreted to mean that only one of three sodium atoms 
in the mol. is replaced by silver ; i(j.may also mean that this represents the halting 
stage of a balanced reaction. 

P. Hautefeuille ^ made hexagonal prisms of nephelite by fusing a mixture of 
sodium aluminate, silica, and an excess of sodium vanadate. J. J. Berzebus, and 
F. Fouqu^ and A. Michcl-L^vy made hexagonal prisms of nephelite by fusing a 
mixture of silica, alumina, and sodium carbonate. They say that it is one of the 
minerals which very easily crystallize from fused magma. C. Doelter obtained 
the crystals in a similar way, and he also imitated the natural product by fusing 
a mixture of leucite, KAlSi206, and soda-nephelite, NaAlSi04. S. Meunier made 
it by fusing a mixture of silica, alumina, soda, and cryolite. A. Duboin obtained 
rhombic crystals by melting silica or potassium fluosilicate and alumina with an 
excess of potassium fluoride. R. Hoffmann made an amorphous silicate of the 
composition of nephelite by heatinj; togethk a mixture of kaolinite and sodium 
carbonate at a temp, below the sintering point. A. Gorgeu, and P. G. Silber used 
a similar method. R. C. Wallace, and A. 8. Ginsberg obtained nephelite by the 
direct fusion of the constituents. N. L. Bowen showed that there is a transition 
point at 1352° ; above this temp, carnegieite is formed, and below, nephelite 
appears : Carnegieite^nephelite — vide anorthite. E. T. Wherry appli^ the 
at. vol. theory to the isomorphism of nephelite and kaliophilite ; and he assumed 
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that K and (Na-fa^iOj) are replaceable vol for vol. Soda-hme-nephebtes were 
made by C. Doelter and E, Hussak, N. L. Bowen( etc. Z. Weyberg made baryta' 
nephelite, and strmUia'Tiephdite by fusing 

nephebte with baryta or stroutia ; and by -i 

fuaing barium or strontium chloride with _ 

kaolinite. P. Eskola in his work on / 

baryta-felspar observed no signs of the 
formation of a hexagonal baryta-nephebte, ^ 

BaAl2Si20g. C. and G. Fri^el converted 
muscovite into nephelite by heating a ^ 

mixture of that mineral and a soln. of ^ ~Spi/rr/^ 

sodium hydroxide in a steel bomb at 500". 5 

R. C. Wallace made a partial study of - ^ 

the ternary system Na20-Al203-Si02. § [ ' *1 

W. Eitel heated mixtures of nephelite and j | ^ 

calcimn carbonate under press, of 100-1 15 ’ a-CdCOACd/rcr/mte t 

kgrms. per sq. cm., so that no decotnposi- ill ^ 

tion of the carbonate occurred. There is ^ ^ 

an eutectic at 1 W V’ig. 1^, and there fi'tiCoMdn^Mtt ' J 

18 formed c^iicrinite dNe.f aCOs, where No S0d\. i i 1 iL Si J 

represents a mol. of nephelite. The com- ^ ^ ^ t. ^ l 

pound melts at 1253", and it has the f^r cent, nephebte 

refractive indices m=r650, and €™r519, Fio. 130, — Binary System : Nephelite- 
which are higher than the values for Calciie. 

cancrinite. For spurritc, vide supra. 

B. Mierischs described the mineral kaiiophiUte— from hdium, and (/u'Ao?, a 
friend — in allusion to the contained potassium. The mineral was obtained in 
bundles of slender, acicular, colourless, hexagonal crystals in the ejecta from 
Monte Somme, Vesuvius. E. Scacchi called it faceUite — from <^dKcXo? or (/xikcXAo?, 
a bundle — hence it is sometimes called phenacdlile or phenacelile. B. Mierisch, 
E. Scacchi, and N. Covelli analyzed the mineral. The composition corresponds 
with potassium aluminium orthosilicate, KAlSi04, or potassium alumino-ortho- 
silicate, and in the opinion of F. W. Clarke and J. 8. Diller, this formula should 
be tripled Al3(Si04)3K3— vide nephelite. J. J. Berzelius, G. Stein, and C. Doelter 
synthesized the mineral by fusing together the constituent oxides or silicates ; if 
an excess of potassium silicate be used, a glass is formed. S. J. Thugutt treated 
kaolinite with a 47 per cent. soln. of potassium hydroxide for 77 hrs. at 190"-210° 
and obtained kaliophilite ; A. Gorgeu fused the kaolinite with potassium chloride, 
and Z. Weyberg found the reaction progresses quickly in the presence of a chromate, 
tungstate, vanadate, or sulphate. A. S. Ginsberg, A. Duboin, and G. Stein pro- 
ceeded in a similar way. A. Duboin fused together potassium fluoride or fluosilicate, 
alumina, and silica. A. S. Ginsberg, G. Stein, and E. Bauer obtained kaliophilite 
by fusing the constituents. M. Schlapfer and P. Niggli heated alumina, potassium 
hydroxide, silica, and water in a bomb at 470°. C. and G. Friedel converted 
muscovite into kaliophilite by heating it with a soln. of potassium hydroxide in a 
steel bomb to 500°. J. Lemberg converted nephelite into amorphous kaliophilite 
by heating a mixture of nephelite and a soln. of potassium silicate for 100 hrs. at 
200 °. 


„ Jd-CdCOi-rCdncrinite J 

30d[-Z-A _i 1 IL J 

0 20 iO 60 so IC 

Percent, nephelite 

Fio. 130, — Binary System : Nephelite 
Calciie. 


The three minerals eucryptite, nephelite, and kaliophilite thus form a family of 
alkali alumino-orthosilicates which, saM F. Zambonini,® are probably isomorphous. 
A. Sauer’s cryptotile has the same empirical composition, but hydrogen takes the place 
of the alkali metal. The crystals may be colourless, or the colour may be white, 
with a yellowish-, greenish-, or bluish-grey tinge. Brown and red nephelites occur 
in nature. Eucryptite occurs in symmetrically-arranged, white, hexagonal Oiystall 
embedded in albite. The artificial crystals of P. Hautefeiiille and A. Perrey were 
said to be rhombohedral ; those of *Z. Weyberg, rhombic or rhombohedral. 
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Z. Weyberg, indeed, said that this silicate is trimorphous. Nephelite furnishes 
stout hexagonal prisms or thick plates. P. Groth gave for the axial ratio of the 
hexagonal pyramidal crystals offiephelite a :c-l : 0'8383; and N. von Kokscharoff, 
1 : 0*83893. The crystals of nephelite were also examined by A. Breithaupt, 
A. and E. Scacchi, C. F. Rammelsberg, H. Baumhauer, G. Striiver, 
W. C. Brogger, N. B. Mdllor, P. T. Weibye, J. F. L. Haiismann, C. Klein, etc. 
For kaliopbilite, N. Covelli gave the axial ratio a :e=l : 0*8388. C. Doelter found 
the velocity of crystallization to he relatively high. The corrosiOB figures of 
nephelite with hydrofluoric and hydrochloric acids were studied by H. Baumhauer. 

F. Rinne found that the X-radiograms of nephelite agree with the corrosion figures 
in placing the mineral in the hexagonal pyramidal class. The cleavage of the 
crystals of the members j^f this group is distinct and parallel to the (10!0)-face ; 
and in nephelite, it is also imperfect parallel to the {0001)-face. F. Rinne, and 
H. Haga and F. M. Jagc^r studied the X-radiogram of nephelite. G. J. Brush and 
E. S. Dana gave for the specific gravity of -crystals of eucryptite, 2*644-2*649. 
The crystals of nephelite prepared by F. Fouquc and A. Michel-Levy had a sp. gr. 
2*555 ; and those by N. L. Bowen, 2*619. A. Breithaupt gave 2*631-2*637 for the 
sp. gr. of nephelite ; N. L. Bowen, 2*55-2*65 ; C. F. Rammelsberg, 2*600-2*6087 ; 

T. Scheerer, 2*60. For kaliopbilite, B. Mierisch gave 2*602, but the observed numbers 
range from E. Scacchi’s 2*4026-2*67 ; F. Zambonini found a pure transparent 
crystal had a sp. gr. 2*628 ; A. Breithaupt gave 2*631, and G. Stein, 2*6. The 
hardness of eucryptite, nephelite and kaliopbilite is 5-6. G. Tammann gave 
0*184 for the sp6(^C heat of eleeolite crystals, and 0*192 for the glass. The heat 
o! solution in a mixture of hydrofluoric and hydrochloric acids for the amorphous 
glass is 649 cals, per gram, and for the crystals 575 cals, per gram ; or the heat o! 
crystallization is 73 cals, per gram. A. S. Ginsberg gave 1307° for the melting 
point of eucryptite ; R. Ballo and E. Dittler, 1330°. A. Brun gave 1120° for the 
m.p. of nephelite; R. Gusack, 1 059° -1070° ; A. L. Fletcher, 1109°-1120°; 

C. Doelter, 1110°“ll95° for different samples ; N. V. Kultascheff gave for artificial 
nephelite, 1007° ; W. Gu(‘rtler, 1055° ; and R. G. Wallace, 1018°. F. M. Jager 
and A. Simek gave 1388° for the m.p. of pseudo-cucryptite. R. Lorenz 8tudi(‘d 
the relation between the m.p. and tin* transition ten\p. of eucryptite, kaliopbilite, 
and nephelite. N. L. Bowen, and A. S. Ginsberg studied the fusion curve of 
mixtures of anorthite and nephelite. As indicated in connection with Kig. 130, the 
former showed that nephelite passes into carnegeite at 1352°. J. hi. L. Vogt gave 
73 cals, for the estimatt'd latent heat of fusion. A. 8. Ginsberg’s, and K. Ballo 
and E. Dittler’s preparations of eucryptite, and F. Fouque and A. Michel-licvy’s 
crystals of artificial nephelite, were uniaxial and optically negative ; so also was 
the kaliopbilite of B. Mierisch. The indices ol refraction of nephelite, according 
to A. des Cloizeaux, are 1*539-1 *542, and €—1*534-1*537 ; H. Rosenbusch, 
^==1*5416-1*6427, and €=1*5376-1*6378; 8. L. Penfield. (0=1*5469, €=1*5422; 

G. lllawutsch, co=l*539, €=1*536 ; B. Jezek gave for i>-light, (0=1*54886-1*54912, 

and 1 '54327-1 *54382 ; and F. 8. Starrabba made some measurements. 

N. L. Bowen gave for artificial nephelite (o=l'.537 (1*541), €=4*533 (1*537), 
where the bracketed numbers refer to the natural mineral. The corresponding 
birefringences, co— €, range from 0*0040-()*(X)5() for the mineral, and 0‘(X)3 for the 
synthetic product. According to F. M. Jager and A. 8imek, when the artificial 
product is slowly cooled from a fused state, small, irregularly shaped crystals are 
obtained, for which measurements of the mean refractive index and the density 
j^ve jLiD= 1*531 and sp. gr. =2*362 ac 25°. These data indicate that the artificial 
silicate is not identical with the mineral eucryptite, and the synthetic product has 
been named pseudo-eucryplite. If the fusion is rapidly cooled by quenching, a 
pMudo-eucryptite glass is obtained, for wluch fiD”l'541. This glass is metastable 
"with regard to the birefringent crystalline modification, and is rapidly converted 
into this on heating at 9()()°. 

W. C. Brdgger lo emphasized the fact that nephelite is peculiarly subject to 
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change under natural influences, and C. E. van Hise and S. J. Thugutt have dis- 
cussed its alteration into analcite, hydronephelite, kaolinite, muscovite, natrolite, 
sodalite, thomsonite, etc. G. J. Brush and E. S. Dana* also noted that eucryptite 
readily changes into muscovite. The three nephelite minerals are decomposed 
by acids with the separation of gelatinous silica. J. W. Mellor found that 98'63 per 
cent, of coarsidy ground nephelite and 99*62 per cent, of fine-grained nephelite 
were decomposed by an hour’s treatment with hot sulphuric acid. Nephelite 
was shown by S. J. Thugutt to be decomposed by water after heating for about 
100 hrs. in the vicinity of 200 °, whertiby natrolite, sodium aluminat<\ and n 
micaceous substance were formed ; kaliophilite behaves in an analogous manner. 
He also studied the action of water on kaliophilite at 196°-233°. J. Lemberg, 
and S. J. Thugutt examined the effect of a prolonged digestion of nephelite 
with a soln. of potassium carbonate, sodium carbonate, magnesium sulphate, or 
calcium chloride. J. Lemberg obtained a substance resembling cancrinite, but 
with SiOs in place of CO 3 , by digesting nephelite with a soln. of sodium silicate. 
F. Zambonini observed pseudomorphs of leucite after nephclito and of nephihte 
after leucite, and attributed the latter to the action of sohi. of alkali silicate on the 
leucite at a high temp. S. J. Thugutt examined the action of potassium silicate 
soln. ; and he found that the vapour of sodium chloride transformed nephelite 
into sodalite ; and G. Striiver found that an aq. soln. of sodium chloride behaves 
similarly. S. J. Thugutt found that kaliophilite is partially changed into nephelite 
by digesting with a soln. of sodium chloride. Z, Weyburg found eucryptite to be 
stable in an alkaline soln. of lithium sulphate. F. W, Clarke and G. Steiger 
studied the action of ammonium chloride, and H. Schneidorholm, the action 
of various salt soln. on nephelite. P. G. Silber examined the action of soln. 
of silver nitrate, and of hydrogen chloride, and concluded that one-third of the 
sodium behaved differently from the remainder. H. Lotz studied the action of air 
charged with sulphur dioxide on nephelite. Z. Weyberg found that when kaolinite 
is melted with lithium bromide, a product with the composition TLiAlSiOi-LiBr, 
lithium aluminium heptitabromo-orthosUicat^, is formed. S. J. Thugutt heated a 
mixture of kaliophilite, lithium chloride and carbonate, and water for 120 hrs. at 
105°-200°, and obtained a hydro-eucrypite, or hydrated lithium aluminium ortho’ 
silicale, LiAlSi 04 .H 20 . G. Taminaun and C. F. Grevomeyer found that magnesite 
did not react with nephelite at KK)'; lime reacted slowly at 5 {K)°; and baryta, 
strongly at 275° -'KX)". 

The white or dark grey mineral, hydronepheUtCf found by F. W. Clarke and 
J. 8 . Differ at Lichfield, Maine, is an alteration product®of sodalite. The analysis 
corresponds with HN 2 Al 3 (Si 04 ) 3 . 3 H 20 . It is apparently related with the mineral 
ranite (not rauite) from several islands in th^* Langsund fiord, Norway, described 
by S. K. Paijkull, and named after the old Norse sea-god Ran. According to 
W. C. Brogger, it includes part of what previously had been called Sprcustein, by 
A. G. Werner ; and K. Sonden’s mineral brevicite should also be regarded as hydro- 
nephelite. C. F. Schumacher called a similar mineral hergmannitc - n&med after 
T. Bergman ; and A. Estner, crocalite or kroJcdite. S. J. Thugutt regarded hydro- 
nephelito as a mixture of natrolite and hydrargillitc, and not as a selhaUindiyes 
mineral species. The composition and nature of hydronephelite has been discussed 
by F. W. Clarke and J. S. Differ, S. J. Thugutt, A. Brqn, J. E. Hibsch, J. Lemberg, 
C. von Eckenbrechcr, F. Hundeshagen, R. A. A. Johnston, etc. Hydronephelite 
probably belongs to the hexagonal system, for it is uniaxial. The optical character 
is positive. The sp. gr. is 2’63, and the hardness 4-5 ; the sp. gr. of ranite is 2’48, 
and the hardness 5 . W. W. Coblentz found the ultra-red transmission spectrum 
does not show that water of crystallization is present. 

B. von Ammonia g^id that hydrated sodium aluminium orthosihoate* 
NaAlSi 04 . 1 JH 20 , separates as a white powder from a soln. of freshly precipitated 
aluminium hydroxide in a boiling cone. soln. of sodium hydroxide and silicate. 
J. Lemberg made it by heating aluminium hydroxide with sodium metasilicate ; 
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and also by digesting alkali aluminium silicates, rich in silica, in cone, alkali-lyo. 
Silica is removed and the residue has the composition indicated above. 8. J. Thugutt 
heated kaolinite, sodium hydroxide, and water for about 100 hrs. at about 194^ 
and the treatment was repeated. The product was regarded as nephelite-hydratc] 
5NaAlSi04.2H20 ; and, according to S. J. Thugutt, the product has little in com 
mon with hydronephelite. C. Friedel obtained rhombic crystals of NaAISi04.H20 
by the action of soda-lye on muscovite at 500°. A. E. Lagorio called the 
hydrate lemhergite, and found the crystals are rhombic, but pseudo-hexagonal. 
C. Friedel gave 2'378 for the sp. gr. A. E. Lagorio said that the mean index of 
refraction of the rhombic crystals is 1*57 ; the optic axial angle 66° 45' ; the double 
refraction is 0 003 ; and the optical character is positive. The optical properties 
change when the product is warmed. At a dull red heat all the water is expelled, 
but is reabsorbed when the substance has cooled. A soln. of potassium carbonate 
changes it into potash-natrolite ; and water changes it into natrolite. B. von 
Ammon said the product is soluble in hydrochloric acid. W. Heldt, and F. Singer 
made some observations on this hydrate— vw/e m/ra, permutite. 

J. Lemberg 13 obtained a number of hydrated lealiophilites, or hydratOS of 
poiassiom altumnium orthosilicate* (i) by digesting kaolinite with a 37 per cent, 
soln. of potash-lye ; (ii) by treating various hydrated silicates — e.g. nosean hydrate, 
cancrinitic silicates, etc.~with a soln. of potassium carbonate ; (iii) by the action 
of a 64 per cent. soln. of potassium carbonate or silicate at 200° on nephelite ; and 
(iv) by the action of a soln, of potash-lye in leucite, or analcite in the presence of 
potassium chloride. The product of the last-named operation has the composition 
KAISi04.H20 ; and, according to K. D. Glinka, this hydrate is formed when the 
potassium hydroxide soln. of aluminium silicate is neutralized with hydrochloric 
acid; and when hydrargillite, halloysite, or calcined kaolinite, and silica are 
digested with potash-lye, the resulting soln., when neutralized with hydrochloric 
acid, furnishes the hydrate KAlSi04.1iH20. 

J. I<eniberg also claimed to have made tetrahedral crystals with the composition 
NaAlSi04.NaOH,JHiO (i) by digesting kaolinite with a 50 per cent. soln. of sodium 
hydroxide ; (ii) by treating kaliophilite with a mixed soln. of sodium silicate and hydroxide ; 
and (iii) by the action of sodium hydroxide on nephelite. Warm water removes the 
sodium hydroxide from the complex. He also obtained doubly refracting needles of the 
complex 6NnAlSi04.NajSi0,.4Hj0, by digesting at 200® kaolinite, kaliophilite, nephelite, 
analcite, leucite, or albite in sodium silicate melted in its water of crystallization. By 
digesting sodalite or nosean m an aq. soln. of sodium trisilicate at 200°, he obtained icosi- 
tetrahedral crystals of the complex NaAlSi04.Na2Si30;. 

Hydronephelite is possibly a member of a fairly well-defined group of hydrated 
aluminosilicates of the alkalies and alkaline earths, which are called zeolites. The 
term was first used by A. Cronstedt,!^ and was intended to emphasize their in- 
tumescence when heated rapidly as in the blowpipe flame — from {ecu, to boil ; and 
Xttfos, a stone. For a time, the term was applied to other minerals — e.g. lapis lazuli, 
tourmaline, and gadolinite. T. Bergman showed that the zeolites are peculiar in 
being gelatinized by nitric acid, and this characteristic was emphasized by 
J. B. L. Rom6 de I’lsle. A. G. Werner subdivided the zeolites into those with 
granular, fibrous, radiating, and lamellar structures ; most of the minerals re- 
garded by him in the zeoliU^s are similarly regarded at the present time. 

A. Breithaupt accepted A. G. Werner’s name, for, as he expressed it, diese schone 
nMrliche G^ppe. The zeolites are usually well crystallized ; they are fairly soft, 
and their sp. gr. is low. F. Mohs, hideed, piroposed to call them Kuphonspan — 
from Kov<f)Oi, light— in allusion to their low sp. gr. ; and G. A. Kenngott abbreviated 
the term to huphile. The zeolites do not form a family of mine^ with related 
crystalline forms, as in the case of the felspars. The family, indeed, includes a 
number of sub-groups widely diverse in form and composition. A. N. Winchell 
has based a theory of the composition of zeolites on the variation in composition 
by the replacement of Ca by Na or K, and the simultaneous replacement of A1 
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by Si. Table XXI contains a* list of the more important members of the zeolite 
family. A, E. Fersman studied the zeolites of Russia ; and T. H. Smith, those 
of Ardglen, New South Wales. 

Table XXI.— The Membkbs or the Zeolite Family. 


Moelculu ratio. 


Zeolite. 

R-q, 

AljOj 

Thomeunite 

1 


Gismondite 

1 

1 

Natrolite . 

1 

1 

.Scoleeite 

1 

1 

Ijevynite . 

1 


Analcite 

1 

1' 

Eudomophito 

1 


Laumonite 

1 

i 

Gmelinite . 

1 

1 

Chabazite . 

1 

1 

Faujasite . 

1 

1 

Phillipsite . 

1 

1 

Epiatilbite . 

1 

1 

Heuiandite 

1 

1 

Brewaterite 

1 

1 

Deerame 

1 1 

1 

Stilbite 

1 1 


Harmotome 

! 1 

1 

Mordenite . 

i 1 

1 1 

Edingtonito 

! 1 

1 2 

Prehnite . 

2 

i 1 

Hydronophelite 

3 

1 


— 


R" 

Crytial 

lyitem. 

810, 

H,0 

; 


2 

26 

Ca, Na, 

Rhombic 

2 

4 ! 

Ca, Na, 

Monoolimo 

3 

2 , 

Na, 

Rhombic 

3 

3 i 

Ca 

Monoelinio 

3 

5 ' 

Ca 

Hexagonal 

4 

2 

Na, 

Cubic 

4 

2 1 

Na, 

Cubic 

4 

4 ! 

Ca 

Monoolinic 

4 

; 

Ca, Na, 

Trigonal 

4 

, « 1 

Ca, Na, 

Trigonal 

6 

i 10 

Ca, Na, j 

Cubic 

5 

; 6 

Ca, K, ! 

Monoclitiic 

b 

i ® 1 

Ca 

Monoelinio 

6 

1 6 ! 

Ca 

Monoolinic 

6 

' s 1 

Sr, Ba, Ca 

Monoelinio 

a 

; 6 

Ca 

Monoelinio 

6 

i 6 , 

Ca 

Monoelinio 

5 

' « 

Ba, K, 

Monoclinic 

10 

' 7 

Ca, K„ Na, 

Monoclinic 

3 

3 

Ba, K, 

Tetragonal 

3 

1 1 

Ca 

Rhombic 

3 

■ 3 1 

Na, H 

Hexagonal 


The peculiar behaviour of the water in zeolites has attracted much attention, 
F. J. Malaguti and J. Durocher showed that when lauraonite loses its water, the 
mineral becomes opaque, but the water is restored on exposure to air, and the 
mineral again becomes transparent. A. Damour showed that the zeolites lose 
their wat(T when exposed to a dry atm. or when heated ; and regain thii lost water 
on exposure to moist air. As a rule, it is assumed in silicate-chemistry that water 
which is lost at a low temp, is present as a kind of “ water of crystallization,” and 
water which is expelled only at a high temp, is “ constitu^onal water.” C. Hersch 
said that only the water which is expelled from zeolites above 250° is united to the 
aluminium atoms, and that which is driven u5 below this temp, is united to the 
silicon atoms. Hence, he supposed that the zeolites did not contain water of 
crystallization. W. Fresenius assumed that at each temp, there is a definite 
proportion of water retained by the zeolite ; and that the expulsion and restoration 
are continuous functions of the temp. Consequently, zeolites tested do not contain 
constitutional water. Other ob.servations were made by J. Lemberg, C. W. Cross, 
A. Streng, C. F. Rammelsberg, etc. These will be discussed in connection with the 
mdividual zeolites. P. Jannasch showed that the water in the zeolites is not merely 
hygroscopic water, and F. Rinnc later on emphasized the fact that the dehydration 
curves of the ztmlites do not show any abnipt changes such as would be expected 
if definite hydrates were involved. A. Hamberg also found that the proportion 
of contained water depended on the fmrtiqj press, of the water vap. in the atm. ; 
and G. Tammann, and E. Lowenstein observed that the vap. press, of the zeolites 
changes continuously with the proportion oi contained water. F. Zarabonini 
confomed these observations, and showed that the absorptive power of the de- 
hydrated zeolite depends on the temp, to which it has been heated, and also on the 
duration of the heating. Similar observations were made by U. Panichi, 
E. Baschieri, and J, Morozewicz. E. Sommerfeldt measured the heat of hydration 
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and inferred that the water of the zeolites is adsorbed, and not in a state of solid 
soln. C. Doelter, and G. Bodlander also regarded the water as being adsorbed. 
A. Beutel and K. Blaschke, and G. Stoklossa measured the speed of rehydration 
of the zeolites hydrated between definite ranges of temp., and obtained curves 
showing such a large number of definite hydrates that it would appear as if some, 
other factor is involved. R. Rinne examined the effect of water on the optical 
properties, and showed that the crystals which have become opaque appear to be 
transparent if immersed in oil. He showed that important mol. changes accompany 
the loss of water ; and assumed that the water forms'a solid soln. with the silicate. 
G. Friedel, and E. Mallard likened the water in zeolites to the water in a sponge ; 
F. Zambonini, and 0. Biitschli assumed that the structure of the zeolites is mycelial 
like that of the hydrogels ; and A. Johnson supposed that the water and anhydrous 
sdicatc form two interpenetrating cubic lattices, that the water has a free passage in 
the network of silicate mols. ; and that with the loss of water there is a disturbance 
of the crystalline structure and a reorientation to form the anhydride. F. Rinue 
said that there is no sharp line of demarcation between crystalloids and colloids, 
and that the zeolites belong to an indefinite region between the two classes ; accord- 
ingly he regarded the zeolites as crystalline substances in an amikroskopisch Kolloid- 
zustand — not analogous to A. F. Rogers’ melacolloidal state — represented by micro- 
crystalline substances of colloidal origin. G. Friedel, and F. Grandjean showed 
that gas(*s or vapours other than water can be taken up by dehydrated zeolites - 
e.g. ammonia, hydrogen sulphide, iodine, mercury, mercuric sulphide or chloride, 
benzene, ether, alcohol, etc. 

One of the most interesting properties of the zeolites as well as of many other 
silicates is the mutability of the bases. H. S. Thompson lo first estabhshed this 
fact by showing that when a soln. of ammonium sulphate is filtered through soil, 
the filtrate contains calcium sulphate, and an ammonium salt is n^tained. J. T. Way 
made an extensive series of expt'riments on this subject, and showed that the 
hydrated silicates in the soil were n'sponsible for the phenomenon. The action 
was considered to be quite diff(‘rent from adsorption. The facts were subsequently 
confirmed by the work of II. Eichhorn, W. Henneberg and F. Stohmann, 0. Kiillen- 
berg, F. Rautenberg, F. Brustlein, E. Peters, G. J. Muld('r, C. J. Frankfortner and 
F. W. Jensen, and El. Heiden. The extensive rest^arches of J. Lemberg, and 
8 . J. Thugutt showed that the alkalies in these aluminosilicates ran be largely 
replaced by alkaline earths, ammonium, thallium, silver, copjier, manganese, nickel, 
ferrous-iron, lead, and other nu'tal.s, when the silicate is digested with salts of those 
metals. Thus, 93 per cent, of the sodium in sodium-permutite is replaced by silver 
when immersed in a soln. of silver nitrate. Similarly also, F. Singer showed that 
the alumina of these aluminosilicates can be replaced by boric, vanadic, ferric, 
manganic, cobaltic, and chromic oxides ; and I. D. Riedel found that the silicic 
acid can be replaced by boric, phosphoric, nitric, sulphuric, and other inorganic 
acids. The name p€nnutit6 — from 'permulare, to change— is applied to an artificial 
zeolite or hydrated aluminosilicate whose bases are easily replaced by other metals ; 
and the products of the replacement can be easily restored to the primitive form. 
Thus, when sodium-prmutite is introduced into a soln. of an ammonium salt, part 
of the sodium is replaced by an eq. quantity of ammonium ; and the ratio Na : NH 4 , 
for equilibrium, is determined by the temp, and cone, of the soln. An acid sodium 
silicate, described by T. P. Hilditch and co-workers, and sold under the trade-name 
dfmH, belongs to this class. Methods of preparation have been described by 
A. Messerschmitt, P. Schuler, and many othaa. 

G. J . Mulder first assumed that the law of mass action vras applicable to the 
equilibrium conditions ; consequently, added M. Dittrich, the exchanges are not 
a^rption phenomena, but purely chemical processes. J. Lemberg likewise 
concluded that in these purely chemical processes, mass plays the same r6le as it 
does in the theory of mass action, so that there is an incomplete exhaustion of the 
soln., and a mutual replacement of the bases. Consonant with A. W. Williamson’s 



SILICON 


577 


well-known theory of dynamic equilibrium, J. M. van Bemmelen suggested the 
following fnodus operandi of the exchange : 

If we assume with the physicists in explanation of electrolysis that in a dil. acid or salt 
soln. a few individual mols. are in a state of dissociation, it is conceivable that the potash 
of the raols. in soln. is fixed by the adsorbent, whoroufwn fresh dissociation and binding? 
can take place until equilibrium is attained. 

• 

H. P. Armsby wrote on the application of the law of mass action to the phenomenon. 
Subsequent observations have’ shown that the primary action described by this law 
is obscured by secondary effects. R. Gans regarded the piTinutites and saline soln. 
as a single homogeneous phase, and he obs(‘rved that the law of mass action is 
applicable to soln. of small cone. 

In the reaction Na-Pe-f NH‘ 4 ^NH 4 -Po+Na* (when I'e sUuds for pt>rmutite), let 
X denote the number of millimols transformed ; m, the numl)or of grams of jH'rmutite ; 
n, the maximum number of milli eq. transformable })or gram of j>ermutile ; y, the numlxu’ 
of millimolR of NH 4 originally pn^sent in tho soln.; and r, the vol. of the sola. R. Cans 
(wrongly) assumed that the system is homogeneoas, in which case the cone, of the dilTorent 
salts in equilibrium are V}iii^w=xjv; ('NaPe~(w»rt— 4-)/V ; rNJl 4 Cl ' (i/ ^)/<’ ; and 
From the law of moss action, thomfore, x*=^K{nm - x){(j -j*). This agrees 
with observations only when tho cone, of ammonium chloride is small, so that x is negligibly 
small in comparison with nm, and then x^~Knm(g - x). An analogous expression is 
obtained by assuming that the partition law (2. 17, 11) is applicable to the ix'rmutito 
considered as a solid soln. of two jiermutites. 

R. Gans prepared pormutites, or colloidal hydrated aluminosilicates, with a 
composition RO : AI2O3 : Si02-1 : 1 : 3-4, by the action of a soln. of an alkali 
aluminate on silicic acid, but not by the interaction of an alkali siliwite and 
aluminium hydroxide. Although the ])ermutite.s are colloidal, R. Gans agreed that 
th(‘y ar(‘ detinitc chemical compounds, and not adsor})tion products. R, Gans made 
artificial zeolite, or permutit(‘, by fusing together a mixture of china clay, sodium 
carbonate and quartz, in the required proportions. The. cold, vitnmus, hard mass 
was ])ulverized, and the soluble sodium aluminate and silituite were removed by 
leaching with cold water. A mixture of 2'5^3 ))arts of china clay, 5-6 of alkali 
carbonate, and l b- 2'4 of borax, treated in a similar way, gave a good result. The 
prmutite so obtained should be granular or scaly, and with a higli porosity. The 
composition approximates Na./).Al203.2Si()2.6H20. F. Singer has given a l^^’ge 
number of recipes for preparing |X‘rmutites. The 8odium-)KTmutite so prepar'd 
can be converted into ammonium-prmutite by treatment with a 10 per wmt. soln. 
of ammonium chloride. Ry a similar method C. Massatsch, ^ . K. Lee, T. P. llilditch, 
and co-workers, etc., have prepared artificial zeoliU's or permutik‘8. 

A. Qunther-Schulzc found that tho exchange of the base in sodium-permutito 
by silver is dependent on the ionic cone, of the silver in the soln. rather than on the 
total cone, of the silver salt. The silver and sodium are capable of diffusion in 
the solid permutite ; and from the fact that at 2(P sodium-permutitc has an 
electrical conductivity of 6'53xlO“^ mhos, and silver permutite, 148x10**, ho 
calculated the diffusion constants of sodium and silver to be respectively I fiOx 10 ® 
and l‘90x 10-8 sq. cm. i)er sec. The porosity of permutite is 30 per cent. The 
same diffusion constant is obtained from the diffusion experiments when it is 
assumed that the active surface of j)ermutite is 9 or IG times as great as that of 
an equally large, non-porous mass. A. Gunther-Schulzc also measured tho sp. 
resbtance of 21 permutites at 18°, and found for Li-permutite, 1800 ohms ; Na', 
1780; K', 1160; Rb', 1400; NH,. hoo ;• %•, 8130 ; CV-, 8330; Sr", 8770; 
Bs", 10,200 ; Cu ", >90,000 ; Ag-, 2220 ; Zn", 1 1,700 ; Cd", 16,200 ; Pb", >160,000 ; 
Mn", 11,200; Ni", 5000; Co", 6000; Pe". 6600; Fe-, 320; Al ", 420; and 
Cr*’‘,730 ohms. The mean temp, coeff. is R—RigJ l-fa(0— 18) }, where a=4’l x KM. 
The electrical conductivities, he said, fall into three groups, those of the alkali 
metals, silver, and thallium, 50-90x10"®; those of the alkaline earth metals, 
9-11x10"®; and the rest with very slight conductivities. The equilibrium 
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const-ants of tLe basic exchange of sodium-, potassium-, or ammonium-perm u(,(e 
with salts of copper, magnesium, zinc, nickel, cobalt, aJumimum, barium, strontium, 
calcium, thallium, silver, manganese, chromium, lead, rubimum, and uranyl faJ] 
into similar grou])s as the conductivities, excepting that silver and thallium, in 
spite of the strong ionization of their permutites, are almost entirely removed from 
soln. while nickel and cobalt remain in soln. Usually, the higher the at. wt. of 
the metal, the more readily is it remove(?from soln. by the permutite — aluminium 
is excejitional. The subject was discussed by V. Ei^thmuAd and G. Kornfeld, and 
C. J. Frankforter and F. W. Jensen. 

A. Giinther-^chulze examined the relation between the water content of the 
permutite and the mobility of the cation as shown by the readiness with which the 
basic exchange occurs. The permutites of the alkali and alkaline-earth metals 
contain 51120, and it is generally considered that, of these, three are water of 
crystallization and two “ water of constitution.” With potassium-permutite, 
however, the water content varies continuously according to the temp, and vap. 
press., and no distinction was found between the first three and the last two mol. 
proportions. The increa.se in the mol. vol. of potassium-permutite at different 
stages of hydration is proportional to the number of mols, of water added. So 
long as th (5 jiermutitc is not comjiletely dehydrated, it can again be fully hydrated, 
but after ignition it takes up only about 1 ‘ 25 H 20 . The piumutitcs of the metals 
copper, silvern, chromium, aluminium, formed by basic exchange from alkali metal 
permutites, contain from ()-8H20; ^but when formed from ignited potassium 
jiermutite the water deficiency of tins persists in the derived permutites. The 
mobility of the cation does not ajipear to be influenced by the water content. 
Ignited potassium-permutite comes to the same stage of equilibrium with a silver 
nitrate-potassium nitrate soln., for instance, as the fully hydrated permutite, but 
equilibrium is reached more slowly, because, through partial sintering during 
ignition, the high porosity of the permutite is lost. The ignited permutite is very 
similar in character, in fact, to natural zeolites. 

According to A. Gunther-Schulze, the laws governing the influence of two salts 
with the same anion on the ionization are true for solid permutite, in exactly the 
same way as for salts in soln. By the continual replacement of the cation of a 
strongly ionized permutite by that of a weakly ionized permutite, the mobility of 
the former is reduced, since the non-ionized, and therefore stationary, cation of the 
second permutite reduces the space available for the movement of the first cation. 
Permutite takes up a vol., didermined by every type of cation in it, since each })ure 
])ermiitite has a different mol. vol, which depends on the ionic vol. of the base. 
The mol. vol. changes with base interchange proportionally with the amount of 
interchange as long as the amount of water of crystallization remains constant. 
This will also affect the space available for the migration of the cation. Most 
permutites contain SILO, but chromium permutite contains I3H2O. The mols 
of water enter into the interior of the molecule, which is thereby considerably 
loosened, so that the mobility of the chromium cation is very much increased, and 
in the case of pure chromium-prmutite has a value of the same order as that of 
the chromiam ion in aq. soln. In those cases where the base interchange brings 
about a very small electrolytic conductivity, the interchange is very slow, so that 
as much as ten days are required for comjilete reaction. A. Gunther-Schulze, and 
11 . Lorenz discussed the ” atomic radii ” of the cations in permutites. 

G. Wiegener argued that the reaction between permutite and neutral salt soln. 
has all the characteristics of an adsorption process ; cations are adsorbed from the 
salt soln. and equivalent cations are ex][)elled from the hydrogel of aluminosilicic acid. 
He rt'prt'sented his results by the isothermal adsorption formula x/m—kc'^. 

I). J. Hissink suggested that the exchange of cations between the permutite and the 
soln. is not an adsorption process, but rather an absorption. V. Rothmund and 
G. Kornfeld showed that the resulting mixed permutite is to be regarded as a 
single solid phase ; the composition of this solid soln. depends on the relative cone. 
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of the cations in the soln. They observed that with univalent cations the com- 
position of the permutite is independent of the total cone, of the soln., but with 
bivalent cations, the total as well as the relative cunc. must be considered. They 
showed that with silver permutite, and soln. of the nitrates of potassium, rubidium, 
lithium, ammonium, and thallium ; and with sodium permutite and aminonium 
and thallium nitrates, if Cj and represent the cone, of the two bases in soln., 
and Cl and their respective cone, in the j)ermutite in equilibrium with the soln., 
these four magnitudes* have the empirical relation (C'i/C 2 )(CiC 2 )’*— A", where n is 
less than unity. The values of the constants n and K vary considerably. U. Prato- 
longo measured the equilibrium state when ammonium or potassium chloride is 
adsorbed from its soln. by permutite, (i) when the cone, of the salt .soln, is increasing, 
and (ii) when decreasing. The systems arc tervariant, for the solid phase behaves 
as if it had a variable cone. The systems also exhibited the phenomenon of 
chemical hysteresis or false equilibrium. F. W. Hisschemiillcr found I'hysterhe 
chimique can be removed by repeated transformations at the ordinary temp. 
The position of the real line of equilibrium is displaced by repeated transformations 
with warm soln. By keeping the permutite for some time in the dry state, the 
positions of both the false and true equilibria change, and the hysti^resis diminishes 
but does not disappear. With a permutite which has been kept for sonu' time, 
a single transformation with ammonium chloride results in the almost complete 
disappearance of the hysteresis. The position of the false and true equilibria is 
indopeiuhmt of the dilution and the size of the particles in the transformation of 
sodium permutite^animonium permutite. The transformation sodium jienniitite 
F^calcium permutite also showed hysteresis, which was not 8U])pressed by a single 
transformation. 

The subject attracted the attention of J. von Liebig and agricultural chemists 
because it was obvious that these reversible exchanges must play an important 
role in the fertilization of soils. This phase of the subject was discussed by 
J. H. Aberson, H. P. Armsby, J. M. van Bemmelen, 11. Brehm, F. Brustlein, 
E. Bussmann, P. Ehrenberg, H. Eichhorn, R. Gans, P. Gaubert, E. Heiden, 
W. Henneberg and F, Stohmann, D. J. Hissink, H. Kappen, 0. Kellner, W. Knop, 

G. J. Mulder, E. Peters, W. Pillitz, U. Pratolongo, E. Ramann and co-workers, 
S. Rostworowsky and G. Wiegener, F. Ullik, etc. The subject also attracted the 
attention of mineralogists — F. H. Campbell, F. W. Clarke and G. Steiger, 
M. Dittrich, C. Doelter, I. Zoeb, H. W. Foote and W. M. Bradley, J. L<;mberg, 

H. Schneiderhohn, S. J. Thugutt, etc. Various industrial applications have also 
stimulated the investigation of the various reactions involved. For instance, if 
water containing calcium or magnesium chloride percolates through a column of 
sodium-permutitc, a soln. of sodium chloride free from calcium or magnesium 
is obtained, and calcium or magnesium permutite^ are formed. The original 
permutite is restored by percolating a cone. soln. of sodium chloride through the 
permutite, the calcium or magnesium is replaced by sodium. These*, facts arc at 
the base of the permutite process for softening hard water. In working with say 
a water hardened with calcium sulphate, calcium permutite (insolubhd and sodium 
sulphate (soluble) arc formed ; during regeneration, with brine, permutite (in- 
soluble) and calcium chloride (soluble) are formed. Obviously in these exchanges, 
balanced reactions are in question : 

Na 2 ().Al 20 ,. 2 SiOj. 2 H 20 fCaCIj^^aO.AL 03 . 2 Si(),. 2 H 2 ()+ 2 Xa('l 
Working Kegenr-ratloii. 

Again, if sodium or calcium-permutitc be treated with a soln. of manganese salt, 
a manganese-permutite is produced ; and if a soln. of potassium permanganate be 
used, the potassium-manganese-permutitc which results is also covered with a 
finely divided higher manganese oxide. The product is used for removing iron 
from water and also for oxidizing organic matter and bacteria in water. Regenera- 
tion is effected by treatment with a soln. of potassium p(‘rmanganate. The 
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puriicBtion of water by the removal of lime, etc., was discussed fy Oans, 
W. M. Taylor, F. Bcyschlag and R. Michael, H. Noll, R Liihrig and W. Becker, 
L D. Riedel, R Siedkr, J. Don; A. Kolb, J. Bracbt and G. Haiisdorff, etc., and the 
Gltration of molasses and sugar syrups by R. Gans, R Claassen, and R Riimpler. 

J. Morozewicz prepared sodium dialnminiam triorth^ilicftte, Na0Al2(SiO4)3, 
or 8 oda~garnet, which be called lagorioltle — after A. Lagorio — by fusing at a dark 
red heat mixtures of silicic acid and hydrargillite, A1(0H)3, with sodium and calcium 
sulphates and carbonates. The square plates are flattened' cubes which are either 
isotropic or birefringent with twin lamella). Analyses gave the formula 
3(Na2,Ca)0,Al208,3Si02 with NagO : CaO= 3 : 2 ; in one analysis, there was only a 
trace of calcium, and in all there were small quantities of sulphuric anhydride. 
This is a typical garnet fprmula, and lagoriolite forms a connecting link between the 
garnet and the iiosean groups. The largest amount of alkali yet found in natural 
garnet is 4’22 per cent, in melanite from the phonolite of Oberschaffhausen— iJide 
the garnets. 

There is a small group of minerals whose members are assumed to be derivatives 
of nephelite with which they arc commonly associated. These minerals include 
sodalite, haiiyue, noselite or nosean, cancrinitt;, davyne, lapis-lazuli, and micro- 
sommite. The group can be called the sodElitd In no case has the exact 

composition been established, and they have not the same interest to the chemist 
as to the mineralogist. The following formula) representing the composition of the 
idealized minerals are most in favour- -the first four were suggested by W. C. Brogger 
and H. Biickstrom, and the last two by F. W. Clarke : 


Sodalite 
Haiiyno 
' Nosean 
Lazuriio 
Cancrinite . 

Microsoinmito (and davyno) 


. Cubic, Alg(Si04)3Na4(AiCl) 

. Cubic, Al3(Si04 3Na3Ca(AlS04Na) 

. Cubic, Alj(Si04)3Na4(AlS04Na) 

. Cubic, Alj(Si04 ,Na4(AlS3Na) 
Hexagonal, Al2(Si04 3Na4H(AlC03) 
Hexagonal, Al3(Si04)3(Na,K)3Ca(AlS04Cb) 


0 . F. Kammelsberg regarded them as nephelites associated with more or less 
anorthite, (^aAl2Si203, and with NaOl, Na2S04, NaaCOg, etc., as Nebenmolekuls ; 
or, as J. Morozewicz expressed it, the alkali salts in the sodalite family die Rolle des 
Kristallwamrs spielen. Somewhat similar explanations were given by V. Gold- 
schmidt, J. Lemberg, G. Cesaro, C. and G. Fricdel, H. Raufl, F. Zambonini, etc. 
K. Haushofer assumed that the chlorine of sodalite is directly associated with the 
aluminium ; and A. Safarik suggested that in sodalite, the twelve hydrogen atoms 
of (1148104)3 are replaced by four sodium and three aluminium atoms, leaving one 
aluminium valency for a chlorine atom. Similar ideas were advocated by P. Groth, 

F. W. Clarke, W. C. Brogger ana H. Backstrom, S. Hillebrand, etc. J. Jakob 
assumed that nephelite can take up chromophoro groups like Na2S, Na2S2, etc., and 
become coloured ; similarly also with sodalite, nosean, haiiyne, etc. 

What was regarded as a blue variety of sodalite, occurring at Miask, Ural, 
was shown by G. Rose to present a unique example of a silicate united with a 
carbonate ; or a compound of nephelite and calcspar. He called it C&ncriiut6) 
after Count Cancrin. A. Breithaupt, C. F. Kammelsberg, and A. des Cloizeaux 
regarded cancrinite as a variety of nephelite or davyne. H. Fischer, H. Rosenbusch, 
and F. Zirkel stated that it is not homogeneous and therefore as a mineral species 
ist definitiv zu streichen. J. D. Dana, L. Saemann and F. Pisani, H. Rauff, and 
A. B. Tornebohm, however, obtained homogeneous specimens, and proved that 
cancrinite is a definite mineral ‘species. ‘ Analyses were made by G. Rose, 

G. Tschermak, A. Koch, G. LiqdstrSm, N. von Kokscharoff, M. R. Whitney, 
F. W. Clarke, H. Rauff, G. Striiver, J. Lemberg, P. von Puzyrewsky, F. Zambonini, 
W. C. Brogger, L. Finckh, S. J. Thu^tt, C. F. Kammelsberg, etc. 

F, W. Clarke’s formula for the idealized mineral is Al2(8i04)3Na4H(AlC03), 
or so^om alaminimn hydiocarboiuttotriorthoaU and F. Groth’s. 

(Na2,Ca)4H3(Si04)oAl8(NaC03)2~tnde supra. Other suggestions have been made 
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by C. F. Rammelsberg, S. J. Thugutt, J. Morozewicz, etc. A. Johnsen studied 
the role of the contained water. J. Lemberg made cancrinite (i) by heating under 
press, a mixture of alumina, sodium silicate, and a soln. of sodium carbonate ; 
(ii) by the action of sodium carbonate, fused in its water of crystallization, on 
nephelitc ; and (iii) by heating to 215® a mixture of labradorite and a soln. of sodium 
carbonate. He also prepared cancrinitjc substances by the action of a soln. of 
sodium carbonate or a jnixture of soln. oi sodium carbonate and hydroxide at 20()® 
on kaolinite, analcite, leucitc, vitrified orthoclase, nephelitc, kaliophilitc, sodalite, 
thomsonite, zoisite, prehnite, scolecite, paragonite. S. J. Thugutt also made 
similar observations on some of these mineral transformations. C. and G. Friodol 
obtained a cancrinite rich in potash by treating muscovite with a mixture of sodium 
hydroxide and carbonate at 500®. W. Eitel obtained lime-cancrinite by heating 
mixtures of calcium carbonate and nephelitc (q.v.) under press, between 1(X) and 
115 kgrms. per sq. cm., so that the carbonat-e was not decomposed. At lower 
press., say 65 kgrms. per sq. cm., no cancrinite was formed, and it is concluded that 
if in nature an alkali magma is heated in contact with a limestone above 1253°, 
at a press, above 65 kgrms. per sq. cm., cancrinite will be formed as a primary 
mineral of the igneous rock, but at lower pn'ss., anorthite or plagioclase will be 
formed. There is no evidence of the formation of cancrinite from nephelitc at 
low temp, and pre-ss. The formation of cancrinite in nature has been discussed by 
G. Rose, C. F. Raramelsberg, G. von Rath, S. J. Thugutt, G. Striiver, J. Lemberg, 
W. C. Rrogger, F. Zambonini, A. E. Tdrnebohm, H. J. Harrington, (‘tc. For 
W. Eitel's observations, tnde supra, nephelite. 

Cancrinite usually occurs massive ; prismatic crystals are rare. The colour 
is white, grey, yellow, green, blue, or reddish-brown. G. A. Kenngott noted a 
rase-red colour due to the presence of hsematite ; and 8, J. Thugutt, a citron- 
yellow colour due to the presence of mosandrite or cainositc. W. C. Rrdgger found 
the. crystals of cancrinite are hexagonal bipyramids with the axial ratio a : c 
=1 : (>14095. The cleavage of the crystals is well-defined. The sp. gr. varies 
from 2 42''2 50; S. J. Thugutt gave 2*46. The liardness is 5 -6. H. Rosenbusch 
gave for the indices of refraction <0=1*5244, and €=1’4955 ; and for the bire- 
fringence aj“€ =0 0289 ; A. Michel-Levy and A. Lacroix gave o) =1*522, €=1*499, 
and oj- € by direct observation, 0*028. W. Eitel gave for the artificial mineral, 
< 0=1 550 and €=1*519. P. von Puzyrew.sky, 11. RautT, and S. .1. Thugutt found 
that wlum cancrinite is heated to redness, carbon dioxide is given off, and then 
water. H. Rauf!, and F. Zambonini found the dehydration curve; is continuous. 
E. Cohen, M. R. Whitney, and S. J. Thugutt also studied the action of heat on 
mineral. W. Eitel gave 1253® for the m.p. of ewnminite under press. 8. J . Thugutt 
found that up to about 2*5 per cent, of moisture is adsorbed from the air by the 
powdered mineral. H. Rose, J, Lemberg, and J. Roth showed that boiling 
water e.xtracts sodium carbonate from c.ancrinite ; and F. W. Clark*; showed 
that when moistened with (;oId waUm, phenolphthalein is reddened. H. J. Thugutt 
showed that when heated with water to 220®-231®, for 204 hrs., sodium 
aluminate is formed. A. Kaiser said that dil. acids attack cancrinite more 
rapidly than nephelite or davyne. According to J. Lemberg, an aq. soln. 
of potassiuni carbonate changed V(;ry little during 7 months at KXi®, but 
at 210®-215®, the potassium and sodium were exchanged ; and a soln. of sodium 
carbonate at 200® had no appreciable action. With a soln. of calcium chloride at 
180®-190®, part of the sodium was replaced b;|f calcium, water was absorbetl, and 
some calcium carbonate was formed. An aq. soln. of sodium silicate at 100®, for 
8 months, converted cancrinite into an analcite. « An aq. soln. of ammonium chloride 
extracts sodium carbonate from cancrinite ; and a soln. of magnesium sulphate 
acts similarly and forms a hydrated magnesium aluminosilicate. F. W. Clarke 
and G. Steiger heated cancrinite and ammonium chloride in sealed tubes at 350®, 
and found about 4*71 per cent, of ammonia was absorbed by the solid. The 
product obtained by the action of a soln. of calcium chloride at 180®-190® was 
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called lime-caiurinite by J. Lemberg. An analogous product was found by 
J. Lemberg among the products from Vesuvius. The composition was 
10CaAl2Si20g.3CaC08, which if. Zambonini regards as a solid soln. of CaAl28i208 
and Ca2[Al2Ca(C03)2]. It is here assumed that complex univalent groups like 
AICI2', AISO4', AICO3', A1S04C12', and AlSiOg', and bivalent groups bke AlCl", 
AlS04Na", AlSNa", Al.S.S.Na", and Al.S^.S.S.Na", play a part in building up the 
mols. W. C. Brogger and H. Backstrom emphasized the relationship between 
garnet and the first four minerals of this series, whicli they called alkali garrwis on 
account of their formal relationship to ordinary (lime) garnet. F. W. Clarke also 
emphasized the relationship between nephelite and muscovite, and this series of 
minerals. These postulates, and the assumption that the formula of muscovite is 
(AlSi04)2 : Al.Si04KH2, led F. W. (^arke to the constitutional formula? typified 
by those for sodalite and cancrinite which follow : 


.SiO^—KK^ 

Al^Si()4=Al 

^Si04~Al 

MuHW)Vltt*. 


Na^ 

ASi 04 >Al.CI 

Al^-SiO^'Naj 

Sodalltc. 


Na^ 

Si 04 <AlC 03 

Al^Si 04 =Na 2 H 

\i04=Al 

Cancrinite. 




,Si04= 


:Ca 3 


Ai;-Si04: 
'"Si04=Al 

Garnet. 


Similar formula apply to haiiyne, noselite, and lazurite ; while the composition 
of microsommite has to be represented as a mixture of two comj)Ounds each with a 
formula of this type. J. Lemberg was able to prepare a substance with the AICO3' 
of cancrinite replaced by AlSiO^' by the action of sodium silicate soln. on nephelite. 
8. J. Thugutt made a large number of products, like hydrated sodalites, by the 
action of sodium salts on hydrated nephebte. J. Lemberg, and S. J. Thugutt 
regarded sodalite as a mol. association of sodium chloride, because the salt is 
volatilized when sodalite is ignited ; and it is argued that if the chlorine were 
directly united with aluminium, aluminium chloride would be volatilized ; similarly, 
sodalite is hydrolyzed by water and sodium chloride separated. The arguments, 
of course, arc not conclusive cither one way or another. The hardness of these 
minerals is about 5 J. A. Brun gave 1450 "^ for the m.p. of hauyn(‘, and C. Doelter 
gave 1210 ‘“ 122 r)‘^ for haiiyru*, and 1140 ° for nosean. The index of refraction, 
by K. Zimanyi, F. Zambonini, and ?. Gaubert, ranges from lADoO to l'r )()60 ; and 
it increases with incn'asing proportions of lime. T. Liebisch found nosean gave 
only a feeble fluort'sccmee in ultra-violet light, but blue haiiyne gave a bright orange- 
yellow fluorescimce. Tl?(‘ phosphorescence was also marked. 0 . l)oelt(‘r found 
that pale liaiiyiK* becomi'.s intense blue or violet when exposed to radium rays. 
This colour is bleached by exposur; to sunlight or to ultra-violet rays. G. vom 
Hath .said that these minerals dissolve in hydrochloric or nitric acid with the 
se])aration of gelatino\is silica, and the evolution of hydrogen sulphide. . 1 . Lemberg 
found that a soln. of calcium chloride attacks haiiyne more rapidly than it does 
sodalite ; that when haiiyne is heated 50 hrs. in molten sodium chloride it is 
converted into sodalite ; and that when nosean hydrate is digested with a soln. of 
sodium silicate for 240 hrs. at 210 ° - 215 °, analcite is formed. C. R. van Hise 
discussed the natural transformations of nosean and haiiyne. 

T. Thomson 20 applied the term sodalite to a mineral which he obtained from 
Greenland, and which was named in allusion to the contained sodium. P. T. Weibye 
called a blue mineral from the islands in the Langesund fiord, Norway, glauconite — 
vAaiwo?, sea-green— a name previ 9 U 3 by in (Use for a variety of scapolite (q.v.). 
W. 0 . Brdgger and H. Backstrom showed that a similar mineral from Lake Baikal 
is sodalite. Analyses of sodalite were made by D. Borkowsky, C. F. Rammelsberg, 
etc. According to the above hypothesis, sodalite is sodium alaminium chloro- 
trlorthosilicate, Na4Al2(Si04)8(AlCl). Sodalite has been prepared from nephelite, 
kaplinite, and muscovite, as well as from the simpler components. J. Lemberg 
made sodalite by fusing nephelite with sodium chloride ; S. J. Thugutt, by heating 
natrolite with a soln. of s^ium hydroxide and aluminium chloride at 195 ° in an 
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autoclave, and also by digesting kaolinite with sodium chloride and hydroxide at 
about 212® ; Z. Weyburg, by fusing a mixture of silica, alumina, soda, and a largo 
excess of sodium chloride ; and C. and G. Friedel, by digesting muscovite with a 
soln. of sodium chloride and hydroxide at 500® ; J. Morozewicz fused kaolinite 
with sodium carbonate and chloride, and obtained a substance resembling sodalite, 
NaAlSiOi-NaCl ; but when nephelite was used in place of kaolinite, a sodalite 
richer in sodium chloride was obtained, mamely, 3Na2Al2Si20g.2NaCl. 

C. F. Raramolsberg analyr^d a green sodalite from Monte Somma, but missed nearly 
3 per cent, of molybdic oxide, which G. Freda showed was present. Henco F. Zambonini 
called it molyhdato-aodalUe. S. J. Thugutt prepared a large number of sodalites in which the 
sodium chloride of sodalite was replaced by other salts ; but unlike the mineral, the artificial 
products were hydrated. Others have obtaineti anhydrous products by fusion [)roco8sea. 
Over fifty such products have been obtained, but there is usually little or no evidence to show 
that chemical individuals are involved — rather the contrary in many coses. A. (Jorgeu, 
S. J. Thugutt, and Z. Woyberg reported five hromotiodaliks ; J. Lemlwrg, A (lorgeu, 
and S. J. Thugutt, three iodosodalUes ; S. J. Thugutt, vhlorato((odolU(\ bronuitoMtHhUUe, 
iod(Uo8odalUe, perchhraio^odalUe, sulphitosoduhte, sehmtomhUk^ and adnuUoaoilnhte ; 
J. Ijernberg, S. J. Thugutt, and Z. Weyberg, five diromotmodalitcs ; S. J. 'rimgutt , mobjhUiio- 
sodalite^ and tungstatosodulite ; J. I^ernberg, and S. J. Thugutt, two nUratirndalitcn ; 
J. Lemberg, C. Bergernann, and S. J. Thugutt, three phoaphatoaodfdiies ; S. .1. 3'hugu(t, 
araenilosodabte, arsemtosodalik, vaimdaioaodcdile, hypomilphUoaodalde, and aulphohydrO’ 
AidphosodalUe ; J. Lemberg, hydroxysodalite, metaailicaioaodalik, and boraioaodalUe ; 
S. J. Tluigutt, formatoaodalik, acekiioaodalik, and oxalaioaodnlitt. ; J. Lemberg, potnah- 
aodalik ; S. J. Thugutt, tndpfudopotaah-aodalitet nuylybdatopotfiah-awlulite, and phoaphoto^ 
potaah-aodahte ; K. Huemann, atilphopolaah-aodalUe ; S. J. Thugutt, lilhia-a<alabti\ bromo’ 
lithta-aodalUe, and aulphobthia-aodahk ; J. Lemberg, S. J. Thugutt, ami Z. \V<'yl>erg, 
three calcium-aodolUes ; Z. Woyberg, two bromocakium'aodalitea ; and K. Ilenmann, and 
J. Szilasi, aulpho-ailver-aodabte, aulphodead-aodalite, and 8ulpho4in-aod<dde ; J. lyomlwrg, 
and S. J, Thugutt could not make inagM^m^aodalitet and atrontia-aodalik. Tl»o const )tution 
has been discuasod by J. Lemberg, S. J. Thugutt, P. 0. Silbcr, W. and 1). Asch, and 
H, Hoffmann. The hachnannite of L. H. Borgstrdm**— named after V. llmkinann — 
occurs m cubic crystels at Lujaur-Urt, I..apland, can, according to W. Brogger and 
H. Backstrbm, be reganlod os sodalite contaminated with 6‘23 per cent, of a white ultra- 
mariuo compound, which gives off hydrogen sulphide when the mineral is treated with dil. 
liydrochloric acid ; but, added 8. .1. Thugutt, nearly all sodahlesgivo off some hydrogen 
sulphide when to'ated with ucid. l{a<'kmannite shows the ovaneseent pink coloration 
described below. 

S()clalit<‘- crystallizes in the, cubic system, and, by twinning, the crystals may 
form hi'xagonal prisms ; tlic dodecahedron is a common form. Sodalite may also 
occur massive, and in nodules resembling chalcedony. The colour may he white, 
grey, green, yellow, red, or blue. The cause of the blue coloration is not certain ; 
it di.sappears when the mineral is heated. As noteef liy the miiuTaloglsts, 

E. Vredenburg, T. L. Walker and A. L. Parsons, and J. Currie, somi* red and 
rose-coloured sodalites keep their colour in darkness, but are bleached in daylight. 
W. C. Erdgger and H. Backstniin studied the corrosion figures, The sp. gr, 
ranges from 2'14-2‘40 ; and the liardness from 5-6. R. Cusack gave 1127°- 1133° 
for the m.p. ; A. Brun, 1250° 1310°; and A. L. Fletcher, 1177°“1183°. Sodium 
chloride is given off when sodalite is heated to a high temp. The index of refraction 
for Na-light, measured by L. H. Borgstrom, K. Feussner, P. Franco, F. Zambonini, 
and K. Zimanyi, ranges from 1 ‘4827-1 ’4868. T. Liebisch found sodalite to be 
strongly fluorescent after exposure to the mercury arc-lamp ; it phosplioresces in 
ultra-violet light only at the temj). of liquid air ; and X-rays have no effect. 

F. Kreutz found that sodalite is (coloured violet to peach-blue by exposure to 
cathode rays. F. W. Clarke noted that sodalite moistened with water has an 
alkaline reaction, G. Rose found that boiling Vater extracts sodium chloride from 
sodalite. Connected with this is J. Lemberg’s observation that a soln. of silver 
nitrate colours sodalite brown. S. J. Thugutt examined the action of soln. of 
sodium and potassium carbonates, sodium and potassium chlorides, calcium 
chloride, etc., on sodalite ; and J. Lemberg, the action of sob. of calcium chloride, 
magnesium sulphate, etc,- vide supra. H. Schneiderholm investigated the action 
of various salt sob. on sodalite. F. W. Clarke and G. Steiger observed the action 
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of ammonium chloride vap. Sodalite is decomposed by acids with the separation 
of gelatinous silica— rapidly when heated, slowly when cold. The transformations 
of sodalite in nature have been studied by C. F. Rammelsberg, N. V. Ussing, 
C. R. van Hise, etc. 

In 1803, C. G. Gismondi described a blue or bluish-green mineral from 
Latium, and he called it latialite: T. C. Bruun-Neergaard called it haiiyxie — 
after R. J. Hally— and J. D. Dana, hauynite. In 1612, M. Freher^s men- 
tioned a bluish mineral from Laacher-See, which' C. W. Nose, and 
J. J. Ndggerath dcsignakd sajyphirin. C. W. Nose also called it spinellan ; 
M. H. Klaproth, woswm- after C. W. Nose; C. C. von Leonhard, nosine; and 
E. F. Glocker, nosean. L. N. Vauquelin^e first analyzed haiiyne, and a 
more complete analy^iis was made by C. G. Gmelin, who reported the 
alkalies as “ potash.” M. H. Klaproth also analyzed nosean. The relationship 
between nosean and haiiyne was not suspected until J. J. Noggerath published 
analyses of the two minerals in which special attention was paid to the 
alkali contents. As a result, it appeared as if the two minerals were closely 
related, and E. F. Glocker, J. F. L. Hausmann, W. H. Miller, A. des Cloizeaux, 
C. Hintze, C. Doelter, etc., regarded them as varieties of the same mineral species. 
G. Rose showed the crystallographic relationship of nosean and haiiyne to sodalite ; 
and M. R. Whitney represented them by analogous formula). Analyses of hauyne 
were reported by G. vom Rath,27 J. Lemberg, C. F. Rammelsberg, L. Ricciardi, 

E. Casoria, A. Sauer, C. Doelter, N. Parravano, W. C. Brogger, and H. Backstrom, 
etc. ; and analyses of nosean by C. 'Doelter, G. vom Rath, A. Sauer, etc. As 
indicated by the idealized formula) — vide supra — haiiyne may be regarded as 
nosean with part of the sodium replaced by calcium. Hence, nosean becomes 
sodium aluminium sulphatotriorthosilicate, Al 2 (Si 04 ) 3 Na 4 (AlS 04 Na) ; and 
haiiyne, sodium calcium iduminium sulphatotriorthosilicate. 

L. A. Nocker ap[)li«ti the term berzeline to a mineral analyzed by C. G. Gmelin. It 
was described by G. A. Konngott, W. Haidinger, and A. des Cloizeaux, and shown by 

G. vom Rath to l>e a white variety of hauyne. A mineral was discovow^d by F. von Ittnor 

in the phonolitic ro('k8 near Kaiserstuhh Baden, and named tUnmk by C. G. Gmelin. It 
was CO- related with nosean by E. F. Glocker, C. F. Rammelsborg, etc. ; and analyzed by 
J, Lemberg, L. von Wervoko, etc. Another mineral resembling ittnerito was found in tlio 
same locality by F. von Ko1k)11, and named -from aKoXoijj, a splinter — in reference 

to its fracture. It was examined by L. von Werveko, S. J. Thugutt, J. I.^>mberg, etc*. 

H. Rosenbusc h, H. Fischer, etc., allowed that both ittnerite and scolopsito are alteration 
products of haiiyne and nosean. 

Minute prismatic; cryshils of a mineral from Monte Somma, Vesuvius, were described 
by A. Bcacehi *• as Ixilonging to the hexagonal system, with the axial ratio a : c=l : 0’41834. 
The mineral was called microsoininltQ ; A. P. DoWnoy called a similar mineral acantoide. 
Judging from the analy.ses by A. Seacchi, R. Mierisch, and H. Rauff, the composition 
varies ('onsiderably, but approximates very roughly to a mixture or solid soln. of sodalite 
and nosean minerals. Pohuwium takes the place of some sodium. F. W. Clarke 
gave AljiSiOJjNajCalAliSOJClj}. J. Lembt^rg synthesized the mineral by acting on 
powdered noplielite at a red heat with calcium chloride and then with sodium chloride. 
The sp. gr. is 2’42- 2’63, according to A, Scacchi ; H. Rauff gave 2*444 ; and F. Zambonini, 
2*60 at 15°. The hardness is 6. E. Bertrand said the crystals are optically positive. 

F. Zambonini gave for the indices of refraction for Na-light, «= 1*6298, and w = 1*5218; 
and for the birefringence, c — cu =0*008. G. Cesaro gave 0*007. C. Doelter found the colour 
of blue haiiyne is darkened by exposure radium rays, while ultra-violet light acts in the 
converse way. Hydrochloric acid decomposes it with the separation of gelatinous silica. 
F. Qrandjean found that at 300°, microsommite absorbs vap. of ammonia, iodine, mercury, 
sulphur, etc. ; and F. Zambonini said that the chlorine is thereby displaced by iodine, etc. 

Hi© mineral davyne discovered by T. Montioelli and N. Covelli at Monte Somma, 
Vesuvius, was analyzed by A. Scacchi, F. Zambonini, H. Rauff, and H. Traube. H. Rauff, 
and F. Zambonini could explain its oqpiposition only on the assumption that it is a mixture 
or solid sola, of other sodalitie minerals. The optical properties of the hexagonal crystals 
were examined by F. Zambonini, H. Traube, E. Bertrand, and H. Rauff. A. Breithaupt 
gave 2*420-2*53 for the sp. gr., and 6^7 for the hardnOss. H. Rauff showed that alkaU 
chlorides are volatilized when the mineral is ignited ; E. Kaiser, that carbon dioxide is 
evolved by the a(*tion of acids ; F. Zambonini, that boiling water extracts chlorides ; 
F. Qrandjean, that at 250° iodine vap. is absorbed ; S. J. Tliugutt, and B. Mierisch 
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also studied the properties of the mineral. T. Moniioelli and N. Oovelli's cavolinite ftHim 
Monte Somma is considered to be a variety of davyne, nephelite, or miorosommite— 
A, Scacchi, and E. Bertrand favour the last hypothesis. L. J. Spencer described a ndated 
mineral from St. John’s Island, Ke<t Sea. 

W. F. HiUebrand found a mineral at the Zuni Mine, Anvil Mt., Colorado, whi(‘h ho 
named zunylte. The analj'ses corresponded with Hi,Al,,Si,(0,F„Cl,)45, or, according 
to P. Groth, Alj{AJ(OH,F,Cl),},(SiO) , by analogy witli dumortierite. The crystals belong 
to the cubic system, and W. C. Brdgger and IJ. Biickstrora suggested that it is related to the 
sodalite and garnet families; hence F. W. Clarke writes AliSi 04 .Al[[Al( 0 H), },AlF,]j, 
with some fluorine replac^ by chlorine. 

J. Lemberg 30 obtained nosean by fusing nopholito or sodalite with sodium 
sulphate. J. Morozcwicz prepared nosean crystals by fusing at a 

mixture of kaolinite, sodium carbonate, and sodium sulphate ; and from the more 
complex mixture of calcium silicate, carbonate, and sulphate, and ix)taB8i!im and 
iron silicates, he obtained blue crystals of hauyne. Z. Weyberg obtained nosean 
by melting a mixture of sodium carbonate and sulphate, and kaolinite. J. Lemberg 
obtained very little haiiyne by fusing anorthite with sodium sulphate. 

C. and Q. Friodcl boated nmscovito and a soln. of sodium hydroxide, sulphiito 
and carbonate to 500*^ in an iron tube, and obtained a nosetm with 1*78 jH^r cent, of 
water. Hydrated noseans were made by .T. Ijeml)erg by tho prolongotl action of a w)ln. 
of sodium hydroxide and sulphate on kaolinite, analcimo, leucite, orthoclttse, sanidine, 
brevicite, albite, labradorite, nephohte, and lime-cancrinite. M. .1. I’hugutt made a 
number of ex[mrimont8 in this direction. The products, no/tcan hydrak, approximated 
3-4(Na,ALSi,0«).Na2S04.3-4H,0. 

The colour of nosean may be grey, blue, brown, or black ; haiiyne may bo 
sky-blue, greenish-blue, asparagus-green, red, or yellow. In some cases the colour 
is produced by inclusions — e.g, green by aegirito, red by htematiU', and black by 
ilmenite— in other cases the colour appears to bo of the nature of ultramarine 
(q.v.) and may be due to the presence of a sulphide or rather colloidal sulphur vap., 
and blue hauyne is bleached in a stream of air. P. Gaubert made some experi- 
ments on this subject. The crystals belong to the cubic system. Observations 
on the crystals were made by G. vom Rath, G. Striiver, (\ F. Rammelsberg, 
A. Michel-Levy and A. Lacroix, W. Rriihna, R. Brauns, and L. L. Hubbard. 
Twinning is well marked; and the cleavage is distinct. W. C. Brdgger and 
n. Backstrdm studied the corrosion figures. The sp. gr. ranges from 2*27 to 2’50 ; 
the hardne.ss is 515. A. Brun gave 1450° for the m.p. of hauyne. The index of 
refraction given by K. Zinmnyi, F. Zambonini, and P. Gaubert varies from 1’4890 
to l'50f)(). T. Liebisch studied the fluorescence and phosphoicsci'nce of the mineral ; 
and 0. Doelter, the coloration by radium rays. Sunlight and ultra-violet light 
bleach the coloured mineral. G. Rose found that boiling water extracts a sulphate 
from no.sean and haiiyne ; and G. vom Rath showed that hydrochloric or nitric 
acid dis.solves the mineral with the separation of silica, and in the ca8<* of hydro- 
chloric acid, with the evolution of some hydrogen sulphide. H. Schnciderhdlm, and 
J. Lemberg studied the action of salt soln. and sodium hydroxide on hattyne. 

The intense blue-coloured stone, called lapis-lazuli, is more or less opaque, and 
it contains a number of impurities. The most prized stones have a deep blue colour 
and have but few impurities ; in some cas^ the colour is pale blue passing into 
reddish-violet; and in other coses tho colour is green.* Lapis-lazuli is generally 
cut with a flat surface and employed as an ornamental stone in bijouterie ; it is 
also used like agate for paper-weights, seals, knife-handles, etc. ; and it has been 
used for inlaying and mosaics on the walls aifd Ceilings of palaces, and the columns 
of churches. Formerly the blue pigment ultramarine was prepared from lapis- 
lazuli, but it is now made synthetically. It is used in the manufacture of paints, 
wallpapers, printing inks, mottled soaps, etc. ; as a bleaching agent for neutralizing 
the yellow tint of paper, linen, cotton, whitewash, soap, starch, sugar, etc. ; in 
making laundry blue ; and in calico-printing. Commercial ultramarine is some- 
times adidterat^ with gypsum, talc, Ineselguhr, etc. 
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Lapis-lazuli or azure-stone was known to the ancient Greeks, even before the 
Mycenroan age, because beads and discs cut from the stone have been found in the 
ruins of ancient Troy. The description of the craTrc^cipo?, by Theophrastos (43, 
c. 320 R.c.) in his Ihpl and of the sapphiros by Pliny, in his Historic naluralis 
(87. 8. 77 A.D.), apply to lapis-lazuli. The Greeks seem to have called it Kvam, a 
term now reserved for cyanite; but J. Beckmann 32 has shown that the cyanus 
of the ancients was probably a kind of Inineral- or mountain-blue coloured with 
copper ; and that their coeruleum may have been soijietimes lapis-lazuli and some- 
times copper ochre. He also showed that the sapphire of the Bible— e.g. Job (28. 6) 
—was probably lapis-lazuli, because there is an allusion to the inclusions of specks 
of gold, just as Pliny, in his Historia naiuralis (37. 9, c. 77), said that the blue 
sapphire is interspersed, with spangles of gold which sparkle like the stars in the 
blue sky — the specks of gold are grains of pyrites — vide J. Braun, and St. Epiphany. 
In the middle of the sixteenth century, G. Agricola called the stone sapphirus ; and 
A. B. de Boodt, lapis-lazuli — from lapis, a stone, and lazulus, a Latinized form of 
the Persian term for blue. According to L. Salmasius, and J. Beckmann, lazuardi 
is the Persian word for lapis-lazuli and for a blue colour ; the term was mutilated 
in the Arabian writings where it appears as Inzul or lazur. The Spanish azuJ, 
blue, has the same origin. According to J. A. Fabricius, the term lazurium was used 
by M. Leontius in the sixth century ; by L. A. Muratori in the eighth century ; 
by T. Nonnius in the tenth century ; and by M. Arcthas in the eleventh century. 
About this time lapis-lazuli was confpsed with blue cupriferous ochres, for Con- 
stantinus Africanus and some subsequent writers refer to its medicinal qualities, 
and these are possessed not by lapis-lazuli, but by the copper ochres. Lapis-lazuli 
is called pierre J-azure and ouireiner in France — e.g. by A. des Cloizeaux — and 
Uizurstein in Germany e.g. by J. G. Wall(*riua in 1747. The term ultraminnurn — 
beyond the sea- is late Latin, and probably originated in Italy, being used for many 
artich's brought to Europe from abroad ; the Romans used the term jnarinim with 
a similar meaning. J. Beckmann could not find the name ultramarine in use for 
the lapis-lazuli Ix'fore the fifteenth century. In 1502, 0. Lconardus employed the 
term azurrum ultramarinum ; and Y. Biringiicci, in 1540, clearly distinguished the 
real ultramarine azurro ollrawarino from the cupriferous blue, which he called azurro 
deW Alemagmi. <1. R. Bpielmann, and G. Fall()))ius have jnade some rmnarks on 
this subject. For usi' as a ])igm(*nt, lapis-lazuli was finely powdered, and the 
admixed impurities removed by washing. The proce.ss was described by A. B. de 
Boodt, Haudiiupu’r d^' Blancourt, V. Biringiicci, etc. The prepared pigment was 
calh’d ultramarine. Th(‘ jirocess of preparation ajipears to have been somewhat 
as follows : ^ 

The finest selected lapis-lazuli was heated to dull redness, quenched in water, and 
ground to an impalpable powder. Tho powder was mixed with paste made of oil, rosin, 
and wax. When the powder was mixed witli the resinous paste, and kneaded in warm 
water, the blue particles floated on the water ; the product was weished with an alkaline 
Holn. to remove the resinou-s matters, and finally collected by settling. There is here a 
foi-eshadowing of tho modem flotation process. 

Tho mines in Badakshan, Afghanistan, are said to yield the finest quality of 
lapis-lazuli. They were mentioned by Marco Volo in 1271, and described by 
J. Wood. The stones from this locality have been conveyed via Bukhara into 
Russia, and also passed into the European markets through China and Persia. 
The places through which the stone has passed— Bukhara, China, and Persia 
have been erroneously stated to 6e the localities where it is found. The mines 
west of Lake Baikal, Siberia, we^e described by N. Werssiloff — the colour of the 
product ranges from green to light and dark blue, and violet. According to 
M. Aracena, light blue lapis-lazuli occurs in the Andes of Ovalle, Chili. T. Monticelli 
and N. Covelli, L. Wiser, A. Scacchi, and G. vom Rath said that lapis-lazuli is 
found very rarely in the ejected masses from Monte Somma, Vesuvius. Tho 
occurrence of lajiis-lazuli in the Albanian Hills was mentioned by G. Striiver, 
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F. de St. Fond, and L. de M. Spada. W. C, Brogger and H. Backstroin add that it 
probably is always formed as a result of contact metamorphism with liniostonc. 

A. Cron8tedt,33 I. S. R. I. Piques a Born, and J. B. L. Rome de TIslo regarded 
lapis-lazuli as a zeolite coloured blue by iron ; and L. A. Ernmerling, as a peculiar 
kind of silica. R. J. HaUy was at first doubtful if lapis-lazuli should be regarded 
as a definite mineral, but he said j’at cru devoir, sur ce poitU, me conformer d 1 usage, 
and called it lazulite ; later, after the discovery of crystals of lapis-lazuli in Siberia, 
his doubts were removed. Q. C. von Leonhard suggested that lapis-lazuli is 
altered hauyne ; A. Breithaupt classed it with sodalite, nosean, haiiyne, and loucite 
under the generic term alkalites ; J. F. L. Hausmann regarded it as a variety of 
haiiyne ; and A. des Cloizeaux, as a variety of hauyne mixed with other minerals. 
The fact that ultramarine gives ofi hydrogen sulphide when, treated with acids soon 
led chemists to assume, as J. B, A. Dumas expressed it : 

La lapis est evideminont form6o de deux substances distinctes. L’uno fort abf)ndant<e, 
et vrnisomblableinent incolor6e, consisto easentiellemont en silico, alumine, et soudo. 
L’autre, plus rare et essontiollomont colored, so compose do soufro uiu A quelquo corps. , . . 

N. von Nordenskjold suggested that the colour of lapis-lazuli is due to the pn'seiico 
of a blue pigment, and the idea was developed by H. Fischer, F. Zirkel, and 
H. Vogelsang, wlio showed that lapis-lazuli is a lieterogeneou.s aggregate containing 
a blue isotropic mineral and a number of colourhvss ones— cal(‘S])ar, scapolite, 
felspar, and nephclitc. The last-named added : 

The pigment of tho hetorogonomw aggregate called la]>i8-lazuli is a blue luuiyj\o-bko 
substance which is itself quite homogonoous and occurs of a higher degree of purity in 
lapis-lazuli tlinn in hauyne or n<«ean. 

W. C, Brogger and H. Backstrdm re.served the name hzurite for the him* ])ig- 
ment in lapis-lazuli, a name previously employed by P\ von Koboll, and 
C. P\ Naumann as a synonym for lapis-lazuli ; and not to be confounded with 
lazulite, a name emjiloyod for a hydrated magnesium aluminium iihosjdiate 
(6. 33, 23). 

The la})i 8 -lazuli was analyzi'd by M. 11. Klaproth 34 in 1797 ; by F. (Element 
and .1. B. Desormes, F. Varrontrapj), K. Hoffmann, 0. 0. Gmelin, C. F. Kammels- 
berg, K. Field, W. C. Brogger and Jf, Backstriim, J. Szilasi, etc. Tho variations 
in com])osition are wide, showing that mixtures arc involved. The first of the 
f(»Ilowing analysi's is hy W. (’. Bnigger and H. Backstrom, and tho second by 
F, Varnmtrapp. The first sample was p<wd«*rcd, and the blue pigment separat^ed 
from tho gangiie by J, Thoulet's solution (an aq. soln. of potassium and mercuric 
iodides in tlie proportions 1’24 : I). 


SiO, 

AIjO, 

(J. 1 O 

NftjO 

K,0 

SO 

8 

Cl 

32-52 

27-61 

6-47 

19-45 

0-28 

10-40 

2-71 

0-47 

45-5() 

31-70 

3-50 

9-09 


5-89 

* 0-95 

0-42 


The proportion of iron oxide varies from O’l to 4*2 per cent. W. C. Brogger and 
H. Backstrom showed that lazurite belongs to the sodalite family, in which the 
bivalent sulphate group (Al.SO 4 .Na)” of noscan is replaced by the bivalent sulphide 
group (Al.S.S.S.Na)”. He therefore writes, the formula Al 2 (Si 04 ) 3 Na 4 (A 183 Na), 
making lazurite into sodium aluminium trisulphotriorth(Milicate— wdc supra. 
E. W. Biichner, and J. F. Plicque showed that carefully selected specimens of the 
blue pigmentary matter have proportions of sjlica, alumina, and soda similar to 
those in natrolite. • 

Lapis-lazuli occurs compact and massive, and also crystalline, in cubes, or more 
frequently, in dodecahedra. The crystals were described by A. L4vy, 0. vom Rath, 
N. von Nordenskjold, A. Dufr 6 noy, H. Fischer, ete. The colour may be azure- 
blue, violet-blue, or greenish-blue. The dodecahedral cleavage is imperfect ; and 
the fracture is uneven. The sp. gr. ranges from 2-38-2’45 ; and the liardness 
5‘0-5*5. It can be heated to an elevated temp, without losing its colour, but at a 
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white-heat, or in the blowpipe flame it intumesces, and melts to a white or yellow 
glass. T. L. Watson gave for the indices of refraction a—1'604, fi=D633, and 
y^l‘642 ; the optic axial angle, 2V, is large, and the optical character is negative. 
According to G. Bergeron, Chilean lapis-lazuli phosphoresces when warmed by the 
flame of alcohol, but, added H. Fischer, the phenomenon does not recur when the 
stone is heated a second time. The powder is rapidly decolorized when treated 
with hydrochloric acid, and decomposed with the separation of gelatinous silica, 
and the evolution of hydrogen sulphide. „ 

Attempts to make the esteemed ultramarine blue artificially must be very old. 
In 1700, F. Haudicqucr de Blancourt^^ claimed to have made it, but J. B. A. Dumas 
added that nous sommes d'ailkurs fort loin de croire qu* Haudicquer ail possede ce 
precietix secret. A. S. .Marggraf made some trials in this direction in 1758. A 
blue substance was observed occasionally to present itself in the refuse of certain 
processes of chemical manufacture. J. W. Goethe noticed a blue vitreous 
substance in the lime-kilns at Palmero about 1787 ; and sometimes, when limestone 
or whiting is calcined in pottery kilns, blue patches are developed. H. Puchner 
observed the development of a blue colour during the calcination of humoidal 
calcareous sand. H. Fleissner and co-workers have discussed the formation of 
ultramarine blue in blast-furnace slags. In 1814, L. J. Tassart noticed a blue 
substance was formed in a kiln used for melting Glauber’s salt ; F. Kuhlmann also 
found that a blue substance was formed in the bricks of a sodium sulphate kiln 
which had been used for some time. L. N. Vauquelin showed that the composition 
of L. J. Taasart’s blue substance was virtually the same as that of natural ultra- 
marine ; and added : 

It ought to \)G possible to imitate nature in the production of this precious colour ; 
and 1 liopo to make some experiments with this object in view. 

F. Clement and J. B. Desormes’ analysis of lapis-lazuli indicated the lines on 
which experiments to make artificial ultramarine should ])roceed. These observa- 
tions stimulated the Socitth d* Encouragement pour V Industrie NalionaJe in 1823, 
to offer a prize of 6000 francs for un procM'e propre d donner artijiciellement et 
indusirklhmni I'outrenwr at a cost not ex(;eeding 3(.K) francs per kilogram. The 
prize was obtained by J. B. Guimet in 1828 ; and, about the .same time, C. G. Ginclin 
independently devised a method of making the same prodmst. The priority 
que.stion— di.scussed by K. W. Buchner, J. L. Gay Lussac, J. (k Poggendorff, 
J. S. C. Hcliweigger, (h Leuchs, C. Schirges, H. Wichelhaus, J. F. L. Mcrimce, 
A. Loir, and K. von Wagner -favours incontcstabkfnent : J. B, Guimet. J. lleintze 
has claimed that F. A. Kottig prepared artificial ultramarine at the Meissner 
Porzellamnanufactur, in 1828 ; and F. Varrentra]){> made an analysis of the Meisacm 
ultramarine. 

In C. G. Gmelin’s process for making ultramarine, a mixture of two parts of 
sulphur and one part of sodium carbonate, was fused in a Hessian crucible, and a 
mixture of sodium silicate and aluminatc gradually added. The product was 
heated for an hour. In general, it may bo said that ultramarine blue is formed 
whenever an aluminium silicate — say china clay — is calcined with sodium sulphide, 
or with some mixture which will form sodium sulphide in the course of the process 
of manufacture. Actual cecipes are usually regarded as trade secrets, and rightly 
so. Three different grades of ultramarine blue are manufactured with different 
proportions of sulphur and silica. The following, by C. Furstenau, illustrate three 


types of recipe 

Grade. 

China clay. 

ScKlatish. 

Glauber’s salt.. 

Carbon. 

Sulphur. 

SJUca. 

Palo 

100 

8 

120 

26 

16 



Medium . 

100 

100 

— 

4 

60 



Dark 

100 

103 

~ 

16 

117 

16 


The varieties with a small proportion of sulphur and silica are usually paler, 
and more readily attacked by a soln. of alum than those with a high ptoportion 
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of these constituents. In the manufacturing process, an intimate mixture of the 
finely ground constituents is roasted in a muMe, shaft-kiln, or other suitable 
furnace. The cold product is washed ; ground to an impalpable powder ; levigated 
with water; passed through a filter-press ; dried in a stove-; and sifted. Mixtures 
low in silica are usually green after the calcination— M/framanne green. This can 
be regarded. as an intermediate product, for, when crushed and roasted again, it is 

converted into ultramarine blue which is^washed, ete., as before. 

■ 

Modifications of the process of manufacture have been described by C. P. Priickner,** 
P. J. Robiquet, J. de Tiremon, L. Eisner, C. Bruimer, J. P. Dip{)el, C. Leuohs, G. E. Habich, 
C. Stolzel, J. G. Gentele, H. Ritter, G. E. Lichtenberger, C. Bdttinger, J. Zeltner, 
A. Lehmann, R. Hoffmann, 0. llgon, G. Guokellbergor, L. E. Not telle and M. J. Corblet, 
M. Sauvageot, L. Bock, F. Knapp, L. J. B. Bouillet, otc. Again, E. W. Buchner, and 
J. F. Plicque showed that by heating i^wdercd natrolite in a stream of carbon disuln)hid 0 , 
and then in a stream of sulphur dioxide, some clear blue patches are formed. F. binger 
made ultramarine blue, and several analogous bodies by heating zeolites and tylatod pro- 
ducts with sulphides or oxysulphides of the alkalies or alkaline earths. Several wet 
methods have been described by F. Knapp, R. W. E. Mclvor, etc. ; but the dry proce sses 
are used almost exclusively on a manufacturing scale. The general mttnufa{^ture has 
been described by H. L. J. Rawlins, E. Rohrig, J. W>inder, J. Jordan, L. Jiock, 
J. Pichot and P. Grangier, R. Hoffmann, K. Iwabuchi, G. Fiirstenau, etc. 

Analyses of samples of artificial ultramarine have been made by L. Eisner, 
C. Brunner, E. Broulin, H. Wilkens, H. Ritter, G. Scheller, G. Guck(‘lberger, 
A. Bockmann, J. F. Plicque, R. Lussy, R. do Forcrand, T. Morel, K. Heiiniann, 
E. DoUfus and F. Goppelsroder, J. Philipp, E. Guimet, B. Unger, C. Stolzel, otc. 
The extremes are 25‘8i^46'8l per cent. SiO^ ; 23‘7l-38’89, AI2O3 ; M’97--23 0, 
Na20 ; up to 1*65, K2O ; up to 3‘24, Fe203 ; up to Ml, CaO ; up to 3 47, SO^ ; 
up to 10, Cl ; sulphur evolved as hydrogen sulphide by treatment with dil. acids, 
1 •32-2-38; sulphur unaffected bv this treatment, 3-50-1 0 0; and total sulphur, 
3-55-14-0(). H. J. L. Rawlins’, and E. J. Parry and J. 11. Coste’s analyses range 
from 

SiO, AI2O3 NaaO S 

38»-42'7 24 0-2<.)*5 18'7-21-0 10-8-16-4 


Omitting the oxygen and hydrogen, J. Jordan gave for white (R. Hoffmann), 
green and blue (J. Philipp), light blue, violet, and red (J. Wundor) ultramarines: 



White. 

Green. 

lihie. 

Blue. 

violet 

lied. 

Light Blue, 

Si . 

. 17-0 

17T)l 

16'H7 

17-29 

19-4 

19-3 

19-7 

Al . 

. 16(1 

16 81 

I5'30 

12-65 

13-1 

13-3 

13-1 

Na . 

. 21T) 

17-02 

16-60 

14-66 

11-7 

8-1 

11-9 

S . 

6-4 

701 

6-69 

11 -->8 

13-3 

16-2 

12-7 


The similarity in the composition of different colours indicates that tho actual 
colouring matter possibly represents but a small proportion of the total mass ; 
and P. Rohland suggested that a small proportion of the tinctorial agent is dis- 
seminated in a state of solid soln. in the colourless body. 

The sodium of ultramarine blue can be completely replaced by silver and other 
univalent and bivalent radicles ; but the attempt to replace sodium by torvalent 
elements results in the decomposition of red, blue, or violet ultramarine. P. G. Silber 
found that when an aq. soln. of silver nitrate and ultramarine blue is heated for 
15 hrs. in a sealed tube at 120‘’-140°, the sodium is replaced by silver, forming silver 
ultramarine. For reasons indicated below, it is assumed that in silver ultramarine 
one-third of the silver is bound to the sulphur! L. Braunschweiger studied the 
action of silver salts on ultramarine. According to J. Szilasi, J. Philipp, C. Unger, 

L. Bock, K. Heumann, C. Chabri^ and F. Levallois, and R. de Forcrand and 

M. Ballin, if silver ultramarine be digested with the chlorides, or iodides of am- 
monium, potassium, lithium, calcium, barium, zinc, silver, cadmium, mercui^ (ous), 
lead, manganese, or iron (ous), the silver is replaced by the metal of the halide, and 
ammonium (blue), silver (grey), 'potassium (blue), lithium (blue), calcium (blue), 
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barium (yellowiBh-brown), zinc (violet), cadmium (orange-yellow), mercurous 
(bluish-grey), lead (brownish-yellow), manganese (grey), and ferrous (dark bluish- 
grey), ultramarines respectively are formed. Mercuric salts are reduced by ultra- 
marine blue. R. de Forcrand heated silver ultramarine with various organic iodides 
and so obtained ethyl, amyl, benzyl, and phenyl ultramarines. These products give 
ordinary ultramarine blue when heated with sodium chloride, and they do not 
yield hydrogen sulphide with cold hydrofthloric acid. C. Chabrie and F. Levallois 
could not make substitution products with ethylen(^, naplithalene, and triphenyl- 
methyl radicles. E. Guimet, J. F. Plicque, and D. Morel replaced the sulphur 
of ordinary ultramarine by stdenium and tellurium, forming respectively selenium 
and tellurium ultramarines. The former is red, the latter yellow. F. Knapp, 
J. Hofmann, and C. Npllncr obtained a light blue boron ultramarine by fusing a 
mixturii of borax, boric acid, sodium or potassium sulphide, sulphate, or thio- 
sulphate. Here boron takes the place of aluminium, and a polybasic boric acid 
takes the placi; of silica in ultramarine blue at 280", and subsequently heating the 
product in a stream of chlorine and steam at 160' . (\ Winkler said that germanium 
seems to be able to replace silicon in ultramarine ; for, if a mixture of soda and 
sulphur is heated in a crucible us(‘,d for roasting germanium sulphide, a blue colour 
is produced, although germanium ultramarine was not isolated. 

E. Fischer obtained crystals of ultramarine from a works at Hannover. 
C. Griinzwcig and R. Hoffmann, and H. Vogelsang showed that the crystals belong to 
tlie cubic system, and W. C. Rrogger and H. Backstrom found them to be dodeca- 
hedra. Ultramarine blue, red, or violet, dried to constant weight in a desiccator, 
loses 1--3 per cent, of water when heated to 100". Wlnm ultramarine white is heated 
in air or oxidizing agents it furnishes first green and finally blue ultramarine. 
P. Ebell stated that ultramarine will stay suspended in purified water for months 
whe?i it is in a finely divided state. The settling was also studied by F. Schubert 
and L. Radlbergcr. P. Rohland said that ultramarine has hydraulic qualities 
like Portland cement. J. Wuiider investigated the absorption spectrum of green, 
blue, and violet ultramarines. Many properties of ultramarine are indicated in the 
next few paragraphs. C. Doelter found that ultramarine blue is only darkened 
slightly by exposure to radium rays ; violet and white ultramarines arc not changed. 
The effect W'ith natural ultramarine is much more marked— hauyne. Ultra- 
marine blue is decomposed by dil. acids, and R. Hoffmann found that about one- 
fourth of the contained sulphur is given off as hydrogen sulphide, and three-fourths 
remains in an ionized form among the products of decomposition ; neither red nor 
violet ultramarine furnishes hydrogen sulphide when decomposed by dil. acids. 
The red product is decomposed by^dil. acids more slowly than violet or blue. The 
action of acids has been studied by J. G. Gentele. F Schubert, and L. Radlberger 
found that hydrogen sulphide is evolved when ultramarine is boiled with a 0’25 per 
cent. soln. of malic acid. B, von Szyszkowsky showed that carbon dioxide 
decomposes ultramarine suspended in water, and hydrogen sulphide is evolved ; 
the action is retarded in the presence of neutral salts. According to J. Wunder, 
by treating ultramarine blue with hydrogen chloride at 170"-250", about one- 
sixth the sodium is converted into soluble chloride, and with ultramarine violet, 
one-third of the sodium is converted into soluble chloride, and ultramarine red is 
formed, J, Zeltner, and'R. Rickmann studied the action of hydrogen chloride. 
When ultramarine violet is treated with iodine and hydrochloric acid, J. Wunder 
found that half the sulphur behaves as if it were present as a thiosulphate, 
J. G. Gentele studied the action of ammonium chloride. L. Wunder found that 
sulphur monochloride in a s(‘aled t^ube at 200", converts ultramarine blue into ultra- 
marine white ; a soln. of pho.sphoru8 in carbon disulphide converts ultramarine 
blue into ultramarine violet ; and the ultramarine blue is partially decomposed if 
Aiixed with idiosphorus tri- or penta-chloride and heated in a sealed tube at 130"- 
180". 

and completely excluded during the ignition of the mixture employed in 
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the preparation of ultramarine blue, H. Ritter, J. Phibpp, C. Biittiuger, and 
R. Hoffmann showed that the blue coloration is not produced, and that the resulting 
white ultramarine is converted into the blue product by heating it in a stream of 
oxygen, sulphur dioxide, or chloiine. J. Philipp found that when a little tin is added 
to the mixture employed in the pre{)aration of ultramarine, the product is green 
ultramarine ; and a green product is sometimes formed in the preparation of the 
blue — tide supra. The green ultramarine is regarded as representing an inter* 
mediate stage in the * formation of the blue, because green is converted into 
blue ultramarine by roasting it with sulphur. J. Philipp, however, concluded 
that sulphur is not taken up during the change from green to blue because 
the blue product is formed when green ultramarine is heated with water in 
sealed tube^ at 10(f— -the water removes a little sodium from the green ultra- 
marine. When the green product is heated in chlorine gas, it becomes bluish- 
violet, and when mixed with sodium sulphide and heated, it becoim's grey. 
G. Scheffer found that if in the preparation of ultramarine blue, the temp, of calcina- 
tion be higher than is normally required, and air has free access, red ultramarine 
is formed containing less soda and more alumina than ordinary ultramarine blue. 
According to E. W. Buchner, red ultramarine is formed when the bliu^ product is 
heated to 3W-4t)0' in oxygen or sulphur dioxide, and if the heating be prolonged, 
the rcil passes into yellow ultramarine. According to ,1. Zelt iU'r, if chlorine be 
passed over the product obtaimnl just before the blue is d(‘velo])ed in the ordinary 
course of manufacture, at 410'\ a green substance is first formed, and this then 
acquires a reddi.sh-yellow colour. Yellow ultramarine changes to blue wlien heated 
in a stream of hydrogen or coal gas. If the red product be heated with sodium 
hydroxide all the chlorine is removed, and violet ultramarine is formed. This 
product goes into the red form when heated in the vap. of nitrii; acid or hydrochloric 
acid* at 130^^-150°; and into the blue form when heated alone to about 520^ 
(P. G. Silber) ; in hydrogen at 280'^-29(f (J. Wunder, and C. Grunzweig and 
K. HolTmann) ; or when it is mixed with soda-lye and heated. T. Leykauf made 
violet ultramarine in 1859 by warming a mixture of moist calcium chloride and 
ultramarine blue, and in 1872, J. Wuiuh‘r jirepared it by lixiviating the product 
of the action of chlorine. Violet ultramarine is supposed to be a mixture of red 
and blue ultramarines. 

Many giies8(‘s have been made to account for the colour of ultramarine blue 
and of lapis-lazuli or of lazurite. A. Schrauf,^® H. Vogelsgang, U. Jlollmann, 
and many others are agreed that the colouring princijdcs of natural and arlificial 
ultramarine in a state of purity arc chninsche idenfische Suhstanzen. Most of the 
suggestions can be arranged in one of the three following groups, although the line 
of demarcation between the second and third is not always clear. 

1. The colour is produced by a cohurim/ mjerd or c/irowiop/iorc. - -Before 1758, 
there was a general impression that the colour was produced by the presence of 
copper, but A. S. Marggraf showed that this assumption has no foundation, because 
the blue colour is present when co})per is absent. He suggested that iron is the 
colouring agent. L. Eisner, K. Krcssler, L. B. G. de Morveau, C. P. Prilckiier, 
and F. Varrentrapp believed that iron sulphide is the tinctorial agimt, but here 
again, C. Brunner showed that quite as good a blue colour can be produced 
by using materials quite free from iron. C. Unger claimed that the colouring 
principle is a nitrogenous compouhd, but E. W. BUchner found ultramarine blues 
with no nitrogen. W. Stein suggested this principle is ammonium 8ulj)hide mixed 
with the ground mass in a state of molekidarer Vertheilung. H. Ritter considered 
that there can be no question of a colouring principle per se because the whole of 
the ultramarine forms a chemical compound, as is evidenced by the fact that one 
form is colourless and may under certain conditions be transformed into a coloured 
form without the introduction of a new substance. The general similarity in the 
composition of different sampler of ultramarine with very different tints supports 
the view that the actual colouring matter represents but a small fraction of the 
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whole ; and P. Rohland called the colouring principle a chromophore—xp(afJi^i 
colour ; and j^cpciv, to bear— whose composition has not been elucidated, but which 
he assumed to be uniformly distributed throughout the ground-mass in a state 
of solid soln. 

C. G. Gmebn, and C. N. Nollner assumed that the colouring principle is sulphur ; 
and in a more modern guise, the hypothesis of E. Paterno and A. Mazzucehelli, 
Wo. Ostwald, H. H. Morgan, and J. Hoffftiann assumed that the coloration is pro- 
duced by a blue form of colloidal sulphur. The argument is based largely on 
analogy since many reactions are known in which colloidal sulphur is formed and a 
blue colour developed— e.^. molten potassium thiocyanate becomes blue at 400°, 
and the white colour returns at ordinary temp. ; sodium chloride or sulphate 
becomes blue when roiisted with sulphur; and alkali polysulphides form blue 
soln. with many boiling organic solvents, and the mixture becomes white again 
on cooling. Sulphur vapour is also blue. 1. F. Kerne found that consonant with 
the general observation that alkalies increase the dispersion of inorganic disperse 
systems, the fusion of blue ultramarine with alkalies transforms the colour to a 
deep red. This is taken to confirm the colloidal hypothesis. It has been urged 
against this h)r]) 0 thc 8 i 8 that ultramarine blue withstands a red-heat fairly well, 
even though the blue loses some of its brilliancy, and acquires a greenish tint. 
The objection is not serious when it is remembered that other colours are produced 
by colloids in solid soln. with another substance which acts as a protective or 
stabilizing agent. It is, however, necessary to assume that red, green, and violet 
colours can also be produced by the same colouring agent — presumably in a 
different state of subdivision. Wo. Ostwald made green and blue colloidal sulphur. 
The fact that the alkali ultramarines are alone blue does not favour the hypothesis 
that its colouring principle is colloidal sulphur. Indeed, L. Wunder states that 
three conditions must bo fulfilled in order that ultramarine may be coloured Hue : 
(i) an alkali must be present— if a mercurous ultramarine has only part of the alkali 
replaced by mercury, it becomes blue on calcination, but if all the alkali be replaced 
by mercury, it is colourless when calcined ; (ii) a part of the sulphur must be 
directly united to a metal, for the blue ultramarines develop hydrogen sulphide 
when treated with dil. acids, while the red and violet ultramarines give sulphur 
dioxide, not hydrogen sulphide ; and (iii) a part of the sulphur must be present in a 
lower state of oxidation, for ultramarine blue beconu'S white when treated with 
strong reducing agents, and the blue colour is restored by oxidizing agents. 

2. UUrammine is a molecular compound or complex of a silicate and a sulphide . — 
Another set of hypotheses attempts to explain the blue coloration by assuming the 
colour is a constitutive property, produced by definite mol. complexes. R. Hoff- 
mann tried to establish the individuality or homogeneity of ultramarine blue by 
microscopic observations ; but this test is incapable of distinguishing between 
chemical individuals and solid soln. Similarly, G. Giickelberger tried to show that 
ultramarine green is a single substance, and not a mixture of a blue and a yellow 
ultramarine, or ultramarine blue with adsorbed sodium sulphide. When a mixture 
of ultramarine blue and water is heated in a sealed tube between 200 ° and 300°, a 
colourless insoluble residue free from sulphur is formed, and sodium sulphide passes 
into soln. ; when heated with mercuric oxide, the sulphur is likewise abstracted. 
Ultramarine is stable with alkalies, but is decomposed by dil. acids with the pre- 
cipitation of sulphur, and the liberation of hydrogen sulphide. This behaviour 
supports the view that the colouring principle of ultramarine blue is a combined 
silicate and polysulphide of sodiuhi and aluminium, but against this hypothesis, 
K. A. Hoffmann and W. Metzener/ind that, unlike polysulphides, and thiosulphates, 
ultramarine blue is not affected by cone, fuming sulphuric acid, or by a mixture of 
glacial acetic acid and acetic anhydride. R. Hoffmann’s conclusion that the sulphur 
in ultramarine blue is prestmt in a similar state of combination as it is in the 
polysulphide, Na 2 S 4 , cannot be right, since H. Erdmann showed that it does not 
yield silver sulphide when treated with silver nitrate, but is converted into silver 
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ultramarine in which sodium is replaced by silver. H. Erdmann suggested that 
the ultramarines are to be regarded as thiozonides contAining the bivalent radicle 
S3. In strict analogy with the ultramarines, H. Erdmann said that the sulphur 
dyes are transformed by powerful reducing agents into leuco-compounds corre- 
sponding with white ultramarines, and in both cases the white compounds are 
readily oxidized back to the original substance. 

R. Hoffmann emphasized the idea thaf the cause of the colour may be duo to the 
presence of definite sulphides contained in the ultramarine ; he believes that the 
radicle is a kind of sulphonate, and that the various colours are produced by the 
addition, or subtraction, or substitution of oxygen, sulphur, sodium, etc., without 
destroying the combination of the silicate mol. whicli produces tlio colour. These 
changes, said he, occur in a similar manner to those in the side chains of organic 
compounds. R. Hoffmann thus distinguishes the silicate side from the sulphide 
of the ultramarine mol. without disturbing the combination as a whol<‘. He 
added : 

The fornmtioii of green and blue ultramarines, and thoir l)ehaviour towards \'ari(uiH 
reagents eonfirm the view that the Ho<liiitn added in the form of oxnle must l)e more tirinly 
imited to the elemont-s of clay than is the sulphide, and that it alone takes part in the furtlu^r 
conversion of white to blue and green ultramarines. Consequently, it is possible to 
distinguish a silicate side from a sulphide side in the ultramariuo mol. without in any way 
disturbing the combination of elements as a whole. . . . The formation of iiltraniarino 
by the ordinary inethotl of prejiaration, and its chemical Indiaviour, are sufliciently explained 
by assiraing the exisUmce of a sodium silico-aliuninate m wdiicJi that jsirt of the oxygen 
which is in clowist combination w’lth sodium can Iw rejdaced by sulphur -such silico- 
sulphonates liehaving like free sodium moiiosulphonate from which higher suliihonates 
may Ije produced by combination wuth sulphur and loss of sodium, without the silico- 
sulphonate lieing decomposiHl. 

W. C. Broggor and H. Backstrdm assumes that white ultramarine has the com- 
position Alo(Si04)3Na4{ Al(NaS)J ; green ultramarine, Al2(Si()4)3Na4| Al(Na82)| ; 
and blue ultramarine, Al2(Si04)3Na4{Al(Na»S3)[. All these are derived from the 
parent silicate, Al2(Si04)3Na3. It is further assumed that many artificial 
products are mixtures of these four typical compounds —rit/c lapis-lazuli. 
R. Hoffmann gave for the fundamental silicate Na2Al2Si30io ; for ultramarine blue, 
Na iAl4Sifi02o.Na2S4 ; ultramarine red, Na2Al4Si60j9.Na8303 ; and for ultramarine 
yellow, Na2Al4Si(j0i9.NaS2.503. As previously indicated, F. Singer jirepared a 
mimb(*r of ultramarine colours by substituting sodium^ sulphide for watc^r in 
hydrated nephelite and it has therefore been argued that ultramarine is a mol. com- 
pound of nephelite with sodium polysulphide. Thus, white ultramarine has been 
representeil as 0(NaAlSiO4).2-4Na2S ; green ultramarine, ()(NaAlSiO)4 2 dNaS ; 
and blue ultramarine, r)(NaAlSi04).l-2NaS2. L. Bock regards the ultramarines 
as definite compounds based on AI.203.3Si02. Starting with ultramarine gremi, 


,J:^^>Al.O.SiO.O «i(0Na)2.0 SiO.().Al<;^^jJ,^ 

in the formation of ultramarine blue, the introduction of groups SONa' is 
postulated; and in ultramarine violet, the grpups NaS203'— > w/c infra. J. Jiikoh 
assumed that the chromojihore groups are Na-^S, Na2S2, e^c. 

3 . UUrarmrine is a compound containing lalnle chroimphorc rarlicks.- The 
colour is regarded more or less as an eccidentaj circumstance dependent on the 
iwture of chromophore radicles associaUnl wifh the fundamental alkali alumino- 
silicate. This means that ultramarine is a definite chemical individual with a 
specific structural formula. W. and 1 ). Asch assume that the aluminosilicate is 
associated with the complex 82O7", or ~0.S02.0.S02.0— , which is prone to split 
off oxygen atoms, and take them up again, and to exchange all or part of the oxygen 
atoms for sulphur. In conformity with the views of 0 . N. Witt, M. Schtttzo, 
R. Nietzki, G. Kriiss and co-workers, H. W. Vogel, E. Koch, etc., these complexes 
VOL. VI. 2 Q 
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are regarded as chromophores, and it is assumed that the simpler forms furnisli 
yellow pigments, while with increasing mol. wt., the colour changes to orange, red, 
bluish' violet, violet, blue, bluish-green, and green ; and conversely. The nature of 
the base is assumed to be of importance, so that the effect produced by the one 
may be masked by the othcT. According to J. and L. Wunder, the facts are 
summarized in the formula : 

NaO^ O.SiO.O.AI : Oj : AJ.O.SiO.O^ .. .ONa 
NaO.S "'O.SiO.O.Al.O. AI . 0 . 

NaS SO.Na 

corresponding with the empirical formula 8ieAl4Na0S4O22 for ultramarine blue. 
W. and D. Ascii introduce an atom of oxygen between the aluminium atoms and 
sulphur, and use hexite and pentite rings for the silicate part of the mol. In the 
corresponding ultramarine violet, L. Wunder a.s8umes that the 8Na-group is hydro- 
lyzed and replaced by OH, and that the univalent 0 : S.Na-group is transformed 
into the univalent radicle NaS203. This agrees with the empirical formula 
SiflAl4Na5HS4023 for ultramarine violet. When this product is transformed into 
ultramarine red, Si6Al4Na3H3S4023, it is assumed that the two univalent S.O.Na- 
groups are hydrolyzed to S.OH. Hence, red ultramarine is considered to be an 
acid whoso sodium salt is violet ultramarine. These formulae agree with the hydra- 
tion of ultramarine by water above 100'’, and it is assumed that the four bivalent 
SiO-groups can be hydrated to bivalent Si(OH)2. Dil. acids are supposed to attack 
the bivalent Al.SNa-group : Al.SNa"4-2HCl-=AlCT'4 NaCl-j-H2S. Acids attack 
both side groups in accord with the equation : SiONa(S.ONa)-|-2HCl 
=^SiONa(S.OH)"+2NaCl=-SiO"-f H20-fS-t-2NaCl, and in the decomposition 
of ultramarine blue by acids, three-fourths of the sulphur separates as milk of 
sulphur. The fact that when .silver ultramarine is formed, one-third of the silver 
is bound to the sulphur is explained by assuming that there are three S.ONa-groups 
in the mol. of ultramarine, and only one is bound directly to the aluminium— each 
of the other two being united to a silicon atom. Tervalcnt elements are not able 
to replaci', sodium atoms because the mol. does not contain three sodium atoms 
united to tlu' mol. in the same way. When ultramarine is reduced by a soln. of 
phosphorus in carbon ti'trachloride in a S(‘aled tube at 150', washed with carbon 
disulphide, and dried, a tle.sh-coloure(l, almost white, substani'e is formed— 
ultra7mrin(’~-~it is su])])Osed that the phos|)horus tak«‘s oxygen from the three 
SONa-groups, and thot green ultramarine is formed by the deoxidation of one or 
tw^o of the.se groups. Hydrogen chloride and steam between 170^’ and 250° are not 
strong enough to attack SONa-groups, but they react with the SNa-group, removing 
one-sixth of the sodium from the mol., 8Na' -| H2O-I IKIl^^ILS+NaCH-OH'. 
If an oxidizing agent is present at the same time, the SONa-group is simultaneously 
oxidized to a thiosulphate NaS.203-group. The action of a soln. of iodine on violet 
ultramarine confirms these as.sumptions. 
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§ 41. The Micas 

Tli(! niiciiH are a fiiinily of diffc'rent, though j)robal)Iy related, minerals. They 
are all complex aluminium silicates or aluminosilicates. They are usually resolved 
into three sub-groups or families, whose members have* more or less similar character- 
istics. They have a highly develojjed basal cleavage ; they split into thin jilates ; 
and they crystallize in the monoelinic system. They may be classified thus : 

I Miea family Muscovite ; biotiie 

Clintonite family .... Clintonite 

Chlorite family . ... . . Clinocliloro 

The members of the chloriie family are sometimes called hydromicas; they are 
generally green in colour, and form scales and inernstations on the walls of cavities 
in dolomites and mica schists ; or tliey me}^ occur massive or earthy as alteration 
products of ferromagnesian silicates. The clintonite family, sometimes called the 
brittle micas, are usually more basic, chemically, than the micas jiroper. The 
cleavage laminse are also brittle. The members of another group of micaceous 
minerals, cla8.sed as venniculites, are usually regarded as alteration products of the 
true micas. Considering onjy the predominant basic constituents, the principal 
micas proper are ; 
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Muscovite 

Paragonite 

Lepidolite 

Zinnwaldite 

Phlogopite 

Biotite 


Potash mica . 

Soda mica 
Lithia mica 
Litliium-iron mica . 
Magnesia mica 
Magnesium-iron mica 


H,KAI,(Si04)a 
. H,NaAl 3 (Si 04 ), 

. (H 0 .F)j(Li,K)\Al 4 Si 30 , 

. (HO,F),(Li,K),FeAl3SijOe 
. (H.K,M,F) 3 Mg,Al(Si 04 ), 

. (H,K)3(Mg,Fe),(Al.Fe)3(Si04)3 


The early observers included mica in the same class as gypsum, which can also 
be split into thin flakes. It was afterwards noticed that, unlike talc and gypsum, 
the cleavage plates of mica are highly elastic, and not pliable. Pliny, in his Historia 
mturaliit (38. 45, 37. 73), has a description of a mineral fapw speciilaris vfhkh applies 
very well to mica. The scales of this mineral were strewn over the circiis mmimus 
at the celebration of games with the object of producing a sparkling whiteness. 
This shows that a mica schist furnished the material employed; and Pliny’s 
hammoahryoH—ivom sand ; probably a sand containing 

golden -coloured scales of a biotitic mica. The Hindus appear to have used mica 
for decoration and other |)ur})oses, and they considered it to be endowed with 
extraordinary projx'rties.^ Mica has also b(‘en found in the graves of prehistoric 
American rac(‘s, east of the Mississippi, in localiti(‘s wIk'iv the mineral does not 
occur. 


Tlie term mica is not likoly to have been derived from the Latin rnica, a crumb, or 
grain, but rather from the Latin micare, signifying, like tlie (Icrman Qlimmr, to shine. 
In mediteval times, scaly mica was called cat-silver, or cat-gold — Katzengold, or Katzen- 
Hi 1 her ; or des chats, or argent des chats. Tljus, G. Agricola * spoke of Ammochrysos, Mica, 
(Himmer, or KatzensUber, A. B. do Boodt, and J, G. Wallerius described several varieties. 
A. CJ. Werner, and A. Estnor definitely adopted the term Glimmer, and described many 
varieties. No great progress could be made in the classification of the micas until they 
had l>oen distinguished from one another by chemical analysis, and optical moasiiremeiits. 

The analyses of M. H. Klaproth ^ distinguished the magnesian and the alkali 
micas, and the analyses of C. G. Gmelin established the lithia-micas. H. Rose 
showed that fluorine is sometimes present, and that the mineral contains chemically 
combined water. J. Peschier studied some titaniferous micas. (1. F. Rammelsberg 
collected a number of analyses ; calculated the ratios K : A1 : Si ; and showed that 
the hydrogen of the contained water must be regarded as a univalent metal. 
0. F. Rammelsberg, H. Rose, and J. Roth regarded the alkali and magnesian micas 
as orthosilicates, and this view is generally accepted at the pr(?sent day. 
G. Tscherniak in his paper, Die Glimnmgmppe (Wien, 1877-8), explained the 
composition of the micas by regarding them as isomor])hous mixtures of three 
fundamental silicates : (i) H2KAl3Si30i2, corresponding with ordinary mica ; 
(ii) MgoSi30i2, a hypothetical polymer of chrysolite ; and (iii) 114815012, a hypo- 
thetical silicon hydroxide which may take the form Si5F40i2. C. F. Rammelsberg, 
also, in his paper, Ucher die chemische Natitr der Glimmer (Berlin, 1889), assumed 
that the micas must be associated with three silicates : RoSiOs, R4Si04, and 
RflSiOg, a.sHociated in various proportions. Thus, muscovite was considi'red to be 
compounded of R48i04 and Al4Si30i2. This mod(‘ of dealing with the problem 
cannot be considered a solution of the difficulty, for it can be applied to represent 
the composition of any conceivable silicate, however complex. W. and 1). Asch 
apply their hexite hypothesis to the micas, postulating that they ari' compounded 
of three tyia? micas. S. J. Thugutt, R. Brauns, J. W. Retgers, P. Groth, etc., have 
also discussed this subject. P. Erculisse, and J. Jakob applied the co-ordination 
theory to the micas, representing muscovite bv [AI(Si04)3)Al2KH2. 

F. W. Clarke, in his Theory of the'Mim Group (1889), argued that all the micas 
should be reducible to one general type formula ; that the formulse should express 
all known relations ; and that hypoibetical compounds should be as far as possible 
avoided. Ho used the normal salts Al4(Si04)3 and Al4(Si308)3 as theoretical 
starting points for the micas, vermiculites, chlorites, and margarite. Thus, in his 
memoir. The Constitution of the Silicates (Washington, 51, 1914), startmg with 
« normal aluminium orthosilicate, he obtains : 
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Aluminiura orthoeilicate 
Muscovite . 

Normal biotite 
Normal phlogopite 


Al,(SiO,),KH, 

Al,(SiO,),Mg,KH 

Al{SiO0,Mg.KH, 


This makes the micas out to be aluminotriorthosilicates. Any further substitution 
of the same type would remove the linking atom of aluminium, and break up the 
fundamental nucleus Al(Si04)3, as can seen graphically : 

.Si 04 ^AI SiO^^MgK SiOaH^MgK 

Al(si 04 ^^Al Al-SiOa^Al Al:^Si 04 :^MgH Al^SiO^EiMgH 

\iO,sAI ''SiO.^A! ^Si 04 =-AI ^iO.sMgH 

Aluminium orthwlllcivtc. Muscovite. Normal biotite. Normal phloRoplto. 

J. Uhlig suggested that cryplotile, H3Al3(Si04)3, found by A. Sauer as an alteration 
product of prismatine, is the terminal member of the series of alkali micas, 
(AlSi04)oAl{Si04H3). F. W. Clarke added that while ty])ical muscovites agree 
sharply with the formula, the composition may vary within limits : (i) Sodium may 
replace potassium until it merges into paragonite which has the corri's^KUuling 
formula, {AlSi04)2Al(Si04Na2ll) ; again, (ii) Some chromium may replace nlumiiiium, 
furnishing the ehromiferous mica called fmhsUe. Usually, however, the pro[>ortion 
of chromium is small ; (iii) Some ferric iron may replace the aluminium. This, too, 
is usually small l)ut in a sericitc mica analyzed by C. Senhofer, the formula 
ajiproaches Al2Fe'Si04)3KH2 ; (iv) The aluminium may be replaced by vanadium. 
In the idealized rom)ellie, AlV2(Si04)3KH2, there should be 33’6 per cent. V2O3, 
but not more than about 24 per cent, has been actually observed ; (v) The presence 
of magnesium or h'rroiis iron is usually attributed to the admixture of some biotitic 
mica ; and (vi) While normal muscovite has 45-3 per cent. Si02, the proportion may 
rise to about 59 . G. Tschermak called the.se siliceous muscovites 'phvm^iks —from 
<^€yyo9,glitter--an(l explained them by assuming that they are mixtures of muscovite 
with an acid silicate, 1148^012 ; and F. W. Clarke assumed they are mixtures of 
muscovite w’ith the alumimtrixtrisilic<ite.s Al3(Si 303)3X112, built on the mic/a type 
of mol. Some of the litliia-inicas are almo.st entirely the trisilieate, and other 
muscovite micas have from 0-50 per cent, of the trisilicate with f(Tric. iron, 
chroininiu, or vanadium rejilucing more or less of the aluminium. The mica 
vM-phylUfe, continm'd F. W. (3ark(', ha.H the univalent grou]) A1(()H)2, making 
Al;j(Si04)3KH. j A1{0H)2 }. F. T. Wherry applied the at. vol. theory of isomorphism, 
aiul assumed that the passage from H4K2(Mg,Fe)Al4Si7024 to H4K2Al(jSi0O24 
involves tlie double isomorphous replacement of (AI4 Mg) and (Al-j Si). 

The hiolite and phlogopite micas exhibit greater variability in composition than 
the muscovite micas. F. W. Clarke refers the biotite micas to the four tyjics : 

.Si04~MgK Ni04--Fo"K /SiO^^MgK ,Si04“Fe"K 

A\' Si 04 ^MgH A[( AK Si()4ZEMgH A 1 ^ Fe''H 
iSi04^AI Si04ErFc'" Si()4H:Ke'" 


which when mixed in various proportions, with the substitutions previously 
indicated, can be made to simulate the composition of this group of minerals. Thus, 
F. W. Clarke showed that the sidemphyllHe of H. C. Lewis can be represented by 
the second of these formuhe ; while the Imnyhlonite of Jl. P\ Heddle is a mixture of 
the first, second, and third. The phlogopite micas were represented in a similar 
manner, by admixtures of two or more minerals of the type : 

,SiO.=MgK /SiOi^gK • *^iO,=MgK ■ ^iO,=Fe"H 
Al^SiO,:=MgK Al(siO,sMgK Al(^Si 04 =Fc"H Alf 8iO,=Fe"H 
\Si04=MgK ^Si 04 S:Fe"H Si04=Fo"H \SiO,=Fe"H 

F. Griinling described a sodium phlogopite containing no potassium ; F. von 
Kobell’s aspidolite may belong to the same class ; and the manganophyllite of 
L. J. Igelstrom, G. Fbnk, and*A. Hamberg with its 9-17 per cent, of MnO, seems to 
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be mixed with Al(Si04)3Mn3KH2. G. Tscbormai, K. Palmer, etc., hare also 
discussed this subject 

In cases where the oxygen is in excess of that required to convert all the sihcon 
into S1O4, and the excess is not due to defective analyses, it is assumed to be pro- 
duced by alteration, or by replacement of univalent radicles by hydroxyl groups 
like A1(0H)2, R'VH, etc. The function.of titanic oxide in the analyses of the mica 
is not known, since it may replace silica as,Ti02 ; it may replace alumina as T^Oa ; 
or it may be present as inclusions of rutile. Fluorine is co6tained in many micas. 

It may be present as a monad group like AlFg, or R"F. An average lepidolite, for 
instance, can be regarded as a 1 : 1 mixture of a trisilicate, AliSiaOalaKaLigiAlFgja, 
and muscovite, Al(Si04)3Al2HKLi. H. Baumhaiier, indeed, found inclusions of 
muscovite in lepidolite. Some potassium may be replaced by sodium ; and some 
fluorine by the OH-radiefe. Zinnwalditc is considered to be a mixture of the same 
triailicate with ferrous biotite, Al(Si04)3(FeK)2Al. Cryophyllito is related to 
zinnwaldite, and its composition, though more complex, can be represented in a 
siniilar manner. Analogous remarks apply to the irvingite of S. Weidman, 
while the polylilhionite of .1. Lorenzen, and G. Flink and co-workers is con- 
sidered by F. W. Clarke to be a trisilicate 1 : 5 mixture of Al(Si308)3(Na2K)3 and 
F2 : Al.(Si30^) : 1^3. 

The biaxial potash -mica a])pears to have been designated vitrmn muscoviticum by 
J. G. Wallcrius,4 and, as previously stated, to have been found by A. B. de Boodt 
in Moscovia. It was called muscomte by J. D. Dana in 1850. It has also been 
called common mica, potash-mica, white mica, biaxial mica, and oblique mica ; it 
was formerly called 7nuscA)vy glass. When clear and transparent, it is sometimes 
called, in commerce, water mica. 

Sovoral varieties have boon assi^od special names. A. Dolesso gave the name 
dawwurde— after A. Datnour— to a variety previously designated hydromica by T. Thoni.son. 
Damourite was discussed by A. Knop, A. de.s Cloizoaux, J. D. Dana, 0. F. Rammelsberg, 

D. Lovisato, R. Dittler, 0. Tsehorniak, J. L. Igolstrbm, and M. Bauer. The gilberlite of 
T. Thomson wa« found in the tin mines of St. Austell, Cornwall, and it was named after 
D. Gilbert- ; A. Frenzol also found the same mineral in the tin mines of Saxony and Bohemia. 

V. Diirrlleld described a sttm|)le from Fichtelgebirge, Bavarig- Gilbertite whs also described 
by A. Bi-eithaupt, A. Fixnizel, F. Saudbiwgor, 0. Peters, anrl J. H. Collins. J. F. L. Hausmann, 
and C. Hint /,0 considered it to Ijo related to china clay. T. J’liom.son described talotc 
from Wicklow, Ireland ; and what bo called namte from Maine— kaolin, li. P. Greg 
and W. G. Ledtsom ri'garded gilbertite, tuloite, and nac'Hto as varieties of margwodde. 

A. dos Cloizoaux also discu.ssed this mineral ; and C. Hintzo regarded it as an impure clay. 

The name talcite was applied by K. von Scliafliautl to a talc-like mica from Mt. Grenier, 
Zillerthul. The iiarao maigarodito was suggested by thi* lustre—gapyapiTf?, a pearl. 

J. P. Cooke obtained a variety of damourite from Sterling, Mass. ; and ho called it stcrlingite. 

A greenish-blaek variety from Derby, Vermont, was called adamstte. It was analyzed by 
G. J. Brush, and likened to muscovite by G. Tschormak. T. D. Band described a mieaeoous 
mineral from Greenland, which he called iviglde. Both G. Hagomann, and Johnstrup 
consider it to bo a variety of gilbertite. F. Sandberger described a scaly mineral from 
Wittichon, Baden, wliieli he called Icpidomorphiie—irom Atwis, a scale ; and form. 

P. (Jroth oonsidoied it to lie a siliceous variety of muscovite. G. Starkl obtained a green 
mineral from the mica schist of Klein Pi.schingbachthel, Austria, and a sericite-like mass 
from Aima-Kapelle, Wiesmath, and Ofenbach, Frohsdorf, Austria. He called the former 
pycmphytlik, and the latter leucophyllite—kom ttvkvos, dense ; XfVKOs, white ; and 
ijtvXXov, a loaf. 

C. List applied the term sericUe to a talc-like mineral from Tnunm—oypiKos, silky - 
because) of its silky lustre. For a time, C.'E. Stifft considi^red it to be a variety of talc ; 

C. List, and A. Knop, a variety of damourite ; and J. R. Blum, nicJits anderes als Kah - . 
glimmer. The relation of sericite to mica was emphasized by K. A. Lessen, F. Scharff, * 

A. von Losaulx, A. Wichmonn, and H. B/Osonbuso.i. H. Laspeyres showed that it is essenti- 
ally identical with muscovite, end is originally derived from felspar. Occurrences and 
analyses of sericite were indicated by Av Pichler, A. E.Tdrnebolira, A. Rzehak, C. R. Crodner, 

A. Wichmann, A. Hutchinson and W! C. Smith, C. W. von Giimbol, C. Schmidt, A. von 
Groddeck, B. Koto, A. F. Rogers, K. von Fritsch, etc. A greenish -white scaly mineral 
found by F. Sandberger as an alteration product of the oligocUvse in the gneiss of Wild- 
sch^baohthal, Baden, was called metaaericite. 

F. von Kobell obtained a rounded, compact, light green mineral in the dolomite of 
Passecken, Salzburg, and he called it onocaine — from oaoKtoals, a swelling up— in allusion 
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to ite behaviour before the blowpipe. G, Piolti described a ^mple from Varinoy, Italy. 
A. des Cloizeaux claased oncosine with halloysite, agalmatolite, etc. ; J. D. Daua, witli 
pinite ; and G. Tschermak, with the compact muscovi^. E. Cohen reported a compact 
muscovite from South Africa ; and F. Sandberger obtained a variety he called omophyUitt 
as an alteration product of felspar, K. von Schafliautl first designated a greenish mica 
containing calcium carbonate which he found in the chlorite schists of Zillerthal, didrimite, 
but later corrected the name to didymile — from SiSw/ios, a twin. C. Hartmann showed 
that the calcium carbonate, ohne Fehler^ is an admixed impurity of the mica. K von 
Schafhautl applied the term aniphdogite to h mineral similar to didymite — from 
doubt— in allusion to his ‘uncertainty as to whether the contained calcium carbonate was a 
mixture or an essential component. K. von Schafliiiutl named chromiferous mic.a from 
Schwarzenstein, Zillerthal, /ac/wi/e— after J. N. von Fuchs. Other chromiferous micas 
have been examined by A. C. Gill, A. Damour, H. Goivcix, G. T. Prior, etc. 
S. M. Losanitsch found an earthy aggregate of ( rystalline scales m tlie quartzite of Monte 
Avala, Belgrade. He called it aralile. It contains almost 15 jwr ('cnt. chromic oxide. 
A. von Groddeck regarded it as a chromiferous mica related to serieitc. A kind of baryta- 
mien— with 5 jier coni. BaO -occurring near Kemmat, Tyrol, was named ollnrhcrUe by 
J. I). Dana^— after J. Olloclier. It was described by G. A. Kenngott, C. F. IlammelslHWg, 
and (*. Tschennak. 

K. von Schafhautl called the soda-mica which he found in the rock at Monte 
Campionc, St. Got hard, paragonite- from irapayto, 1 mislead in allusion to its 
resemblance to talc. G. A. Kmingott called it pmjruttite- iTom IVi'grattcn, 
Tyrol. 

A compact variety of paragonite was ideutilicd in an antique ring or bracelet found in 
the neighbourhood of Turin. It was named coAsatte after A. (Jossn. It has been found in 
a number of other places. A kind of soda-potasli-rnica inU^rmediate lietwc'im muscovite 
and paragonite wa.s named (uphylhtv by B. Sillimun -from f5, well ; <f>v\Xov, a leaf. 
SfX'cmions have lieen dcsenliod and analyzed by J. L. Smith, (h J. Brush, F. H. Mallet, 
J. J). Dana, J. J. Crouke, eU\ G. Tschermak seems to regard the mineral as a mixture of 
muscovite with paragonite and margarite. 

I. S. R. I. Kques a Born ^ (17t)l) described wliat appeared to be a violet zeolite 
which occurred in white scales with a jiearly lustre, and it was calhul lilalite in 
reference to its colour. A. Estner (1795) did not discuss it in connection with the 
micas. Soon afterwards, M. H. Klajiroth analyzed the mineral, and named it 
lepidolite - from XerrU, a 8cale--in allusion to the scaly structure. The same U'rrn 
was used by R. Kirwan. H. Gredner showed that the mineral is related to mica. 
P. A. Wenz, and G. C. Gmelin showed that lithium is present ; and G. G. Gmelin 
called it Ijthiomjlimuwr—lithm mim. W. Haiding(‘r designated th(‘ lithium-iron 
mica from Zinnwald, zilinwaldite, and F, von Kobcll included lepidolite and zinn- 
w'aldite as members of one class, hthimite. 

A hydniU'd litliia-mica occurring m minute scales and m slender six-sided prisms, 
sometimes ImmiI, was descuiliod by G. .J. Brush, it w^as named rookeUe after J. \\ Gooko, 
and obtained at Hebion and Paris, Maine. T. 1). la 'roueho found it at l‘adar, Kashmir. 
It waa analyzed by (i. J. Brush, G. C. Hoffmann, and S. L. Pimfield. F. W. Clarke 
represents the composition of cookcite by the formula Al“»SiO| (AIOH)' SiOi 
={Al(OH)j ^HLi-t HjO ; and S. L. Ponliold by Li{ AI(OH).^} 3 (SiOj) 2 , hlhwm tnaluminimn 
hexahydroxydimctasihcate. The sj). gr. is 2 076 ; the fiardness 2 It ; and tlie double 
refraction positive. J. Cooke found a variety of litliia-mica in the granite of Capo 
Ann ; and he called it cryophillite — from npvos, ice ; <^vAAov, a leaf— in allusion to its easy 
fusibility and foliated structure. G, Tseherraak classed it with ziniiwaldite ; P. Groth 
treated the two micas separately. J. Lorenzen apphed the term polylUhtonUr to a variety 
of zinnwaidite from Kangerdluarsuk, Greonlaitd. The Unhtnglnnymr of A. Broitliaupt w'as 
shown by G. Tschennak, P. Groth, and M. Bauer to Ije a kind of ferruginous zinnwaidit-e. 

F. Sandberger described a lithium-iroii-mica from Erzgebirge, Fichtelgobirge, and Kib<>u- 
stock, and named it protolUhionite becai se he coi^idered it to be the source of zinnwaldite, 

G. Tschermak, and P. Groth regarded it as a imriety of zinnwaldite. 

R. J. Hatiy ^ allocated the crystals of mica first to the rhombic system, and 
later to the monoclinic system. Both J. B. Biot, and D. Brewster noticed that 
there are two kinds of mica — one being optically uniaxial, and the other biaxial. 
A. Breithaupt called the uniaxial mc&a aslriles — from aorn/p, a star— and the biaxial 
micas phengites — from glitter. He designated the uniaxial biotite from 
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Vesuvius astriies meroxenu$~Irom fiepos, & part; and a gue8t~-and the 
magnesia mica from Antwerp, New York, phengites phlogopites, or simpjy 
pblogopite—from Same; and appearance. J. F. L. Hausmann called 
the uniaxial mica biotitejn honour ofJ. B. Biot. He also called the black uniaxial 
mica from Wermknd, Sweden, lepidomelane—from Aor/?, a scale; and black. 
Numerous analyses ® of muscovite or potash-mica have been reported, and the 
inferences which have been drawn from these data as to the constitution of the 
muscovite have been indicated above. The idealized mineVal can be regarded as 
potassium dihydrotrialuminotriorthosilicate, KH2Al3(Si04)3. Analyses » have 
likewise been made of paragonite or soda-mica, and the idealized mineral can be 
regarded as sodium dihydrotrialuminotriorthosilicate, NaH2Al3(Si04)3. The 
analyses of le])idolite or lithia-mica show that it is more complex than muscovite 
or paragonite. As indicated above, the idealized mineral can be represented as a 
mixture of potassium lithium hydrotrialuminotriorthosilicate, KLiHAl3(Si04)3, 
and of potassium lithium hexafluotetra-aluminotrimesosilicate» K3Li3(AlF2)3Al- 
The analyses of zinnwaldite show that it is a complex lithium- 
iron-mica. It is considered to be a mixture of the trisilicate associated with 
lepidolite, and ferrous-biotite — vide mpra. The analyses i- of phlogopite or 
magnesia-mica, and of biotite or magnesium-iron-mica show that they are probably 
complex mixtures. Idealized biotite, on F. W. Clarke/s system, is potassium 
dimagnesium hydrodialuminotriorthosilicate, and phlogopite, potassium tri- 
magnesium dihydroaluminotriorthosilicate, 


xWiOlivMgK 
Al(-Si() =MgH 
\si()4“MgH 
PfiloKoplte. 


.Si 04 =MgK 
Al. Si04EEMgH 
\si04~Al 

Biotite. 


Similar remarks apj)ly to lepidomelane. A. N. Winchell based a theory of the 
structure on the assumption that each crystal is an aggregate of a number of int(*r- 
growii space- lattices which diftVr from each otluT in the sizes of their constituent 
atoms. P. Krculisse regards the micas as solid sola, of salts of two or thr(‘e acids, 
llAlSi^Ofi, il3AlSi()5, and JLAloHiOe; and . 1 , Jakob represemted the magnesia- 
micas as complexes of 

[Al(8i()4)j{^^'; [Mg(8i()4)3]B"5 

Several varieties of biotite, pblogopit(\ and lepidomelane have been reported. 
J. D. Dana called a black variety, almost free from magnesia, from Capo Ann, annite. 
J. P. Cooke showed that it is a lepidomelane. Anornite —vide infra — ha.s been diseussed 
by (b 'J’seherniak, F. Becke, il. Kosenbusidi, F. Malt. F. Eiehstadt, etc. F. von Kobey 
applied the term nflpidolite — from aairh, a shield— in allusion to the shape, to an olive-gi’een 
mica from Zillertlml, Tyrol. P. Croth regarded it os an altered meroxene. A. Broithaupt 
applied the term alurgite — from dXovpyos, purple — to a purple or red micaceous mineral 
occurring in the manganese ores of St. Marcel, Piedmont. It is also called manganesv-inica. 
It may be the same os manganophylUto. W. T. Schallor considers that the manposite of 
B. Silliman, and alurgite belong to a series of mixed crystals, and holds that the name 
mariposito should be abandoned. The minerals were analyzed by W. F. Hillebrand, and 
S. L. Ponfield. Ahu-gite has the composition 6{Hj,Ko)0.2Mg0.3.\l5j03.12Si0j ; and 
mariposite, Kj().4Al203.12Si0|.3Hj0. E. S. Larsen studied the optical properties of 
alurgite. A. Knop foimd the biotite from Schelingen, Kaiserstuhl, has over 7 per cent, 
of baryta, and he called it baryto-biotite. A. H. Dumont, and A. des Cloizeaux refer to a 
greenish-brown plicatod mica occuning in the quartzite of Bastogne, Belgium, which was 
called baakmiie. A. H, Chester described an alteration product of biotite from Franklin, 
New York, and called it cusmlUte. A. Renard considers it to be an altered phlogopite. 
J . P. Cooke refers to a mineral, cnlaagecite, from Culsagee, Franklin, North Carolina, which 
appears to be a hydrated alteration product of phlogopib*. G. A. Koenig, and T. M. Chatard 
analyzed the mineral. F. W. Clarke also considers dudleyite from Dudley villo, 
Alabama, reported by F. A. Gonth, to be a decomposition product of phlogopite ; and 
also of margarite. He represents its composition by CaH^SiO,— Al(OH)— Si04 
S^(A10H){Al(0H)j}. The chlorite-like mineral euchlorik — from eU, well ; green — 
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obtained by 0. U. Shepard from Chester, Masa, was shown by I<‘. J:Haani to be ordinary 
biotite. Q. A. Kenngott described a chlorUdhtUiche Mineral from Presburg, Hungary, 
which he named eukampiUe — from easy ; irauj^rij, bending. C. von Hauer, J. D. Dana, 
and G. Tsohermak consider it to be a hydrated biotite. A. Leeds called a mica from East 
Nottingham, Penn., hallite after J. Hall. It was described by J. P. Cooke, and F. W, Clarke 
and E. A. ^hneider. G. Tschermak regards it as an altered meroxene. M. F. Heddle 
called a highly ferruginous biotite from various Scottish localities havghionite — after 
S. Haughton. R. T. Simmler, and G. A. Kenngott called a micaceous mineral from tlie 
Swiss Alps lulvetan — fronj Helvetia, Switzerfhnd. G. Tsohennak regards it as an tUtered 
biotite. H. C. Lewis and A. Schrauf refer to hydrated biotites as hijdr^iotUe. F. W. Clarke 
represents hydrobiotite by the formula Al—SiOi— Al= 3 {Si 04 ^MgH),-|- 3 H| 0 . Ho like- 
wise gives for hydropfUogopUe, Al=(Si04^MgH)j +311,0. G. J. Brush found a vermicu- 
litic mica at Westchester, Penn., and named it jejferisiie — after W. JofferLs. F. W. Clarke 
and E. A. Schneider, F. A. Genth, T. M. Chatard, and G. A. Koenig analyzed the mineral. 

G. Tschermak considers it to be a more or loss altered phlogopite ; and F. W. Clarke 
says that its composition is near that of hydrobiotite. F. W. Clarke and E. A. Schneider 
descriljed a mineral which they called kerrite from Franklin, North Carolina ; it 
approximates to hydrophlogopite. They called a vennioulitio rninonil from Lenni, 
Delaware, lennilUe — A. Schrauf regard^ lemiilito as a paracMorite , J. Eyroman 
analyzed lennilite. T. M. Chatard called a vermiculitic mineral from Franklin, North 
Carolina, lucaeite — after H. S. Lucas. A manganiferous biotite from Pujaborg, Sweden, 
was named manganophyllite by L. J. Igelstrdra — from iftvXXov, a leaf. F. W. Clarke and 

E. A. Schneider cailetl a vermiculitic mineral from Middletown, Delaware, painterite. 

F. A. Gonth doscribwi a micaceous mineral from Union ville ; he called it pattersomte. 

H. C. Lewis applied the terra philadelphite to a vermiculitic mineral occurring near Pliilii- 
delpbiti ; and G. A. Koenig, protovemuculite to a micaceous mineral from Magnet Cove, 
Arkansas. F. W. Clarke and E. A. Schneider consider it to Ije a hydrated biotite. 

G. A. Koenig, and F. A. Genth have also discussed the mineral. F. W. Clarke says that 
the formula 


fits the analysis of firotovermiculite very well. A. Knop applied the term purudobiotUe 
to an altered biotite from Kaiserstuhl, Baden. A. Breithaupt described an olivo-gn.wn or 
liver-brown mica from Brovik, Norway, and called it pterolite — from nupoy, a feather— 
m allusion to the fun-sliu|X!d forms in which it occurs. A. Lacroix showed that the mineral 
is heterogeneous, and W. C. Broggor, that it is an alteration product of amphibole. F. von 
Koboll reported a micaceous mineral from Elba, which ho named pyrosclcrile — from nvp, 
fire ; and oKXi^poi, bard (refractory). C. U. Shepard applied the term rastolyte — from 
pdcrro<!, \’vvy easy ; Xv(o, dissolve-- -to a hydrated biotite from Monroe, N.Y. 0. Tschermak 
regards it as a decomposed product of biotite. A. Breithaupt called a reddish uniaxial 
mica from Laacher Si-o, ruhellan. M. U. Hollrung considers it to bo an altered biotite. 

H. C. Lewis (Icscribt'd a biotite very rich in iron and poor in magnesia from Piko’s Peak, 
Colorado, and called it sulerophyllxU—kova. aibypo^, iron ; <^vAAo'', a leaf. N. 8. Moskelyne 
and W. Flight described vaahte as a docompofaition product of biotite at Du Toits Pan, 
South Africa. T. H. Webb applied the term wnnimlite — vermis, a worm — to a micaceous 
mineral from Worcester, Ma.s.s,, which was also dcfeicribed by T, Thomson, J. P. Cooke, 
A. Schrauf, and C. T. Jackson. F. W. Clarke and E. A. Schneider discussed the con- 
stiffution of vermiculite. It is an altered phlogopite or biotite. E. E. Schmid applied 
the tenn voigiiic to a kind of biotite from Ehreiiberg near Ilmenau. G. Tschermak calleil 
it on altered biotite more or less hydrated. F. A. (jJonth described a micaceous mineral 
from North Carolina, as a decomjio.sition product of biotite ; and he named it willaoxitf.. 
F. W. Clarke regards this mineral as a kind of basic analogue of the mixed biotite — 
phlogopite type. H. Kosenbusch, and G. I.rftttormaim have described a titanijerous biotite 
obtain^ from Katzenbuckel, and they called it xvodanite — after the mythological Wodon. 

Muscovite ig a pyrogenetic mineral ’^hich occursi as a primary constituent 
in deep-seated igneous rocks rich in alumina and potash, and poor in iron and 
magnesia. It is common in granites, syenites, and pegmatites. From its water- 
content muscovite was probably formed ia fhese rocks under press. It does 
not occur as a primary constituent in recent lavas and their glassy magmas. 
Muscovite is common as an alteration product of many minerals — andalusite, 
cyanite, topaz, felspar, nephelite, spodumene, scapolite, etc. As a secondary 
mineral it is often called sericite. Paragonite is one of the rarer varieties ; it occurs 
in crystalline schists, but doe§ not occur as a pyrogenetic mineral. Lepidolito 
occurs in granite and pegmatite where it niay form violet or lilac-coloured crystals 
VOL. VI. 2 u 
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associated with muscovite. It sometimes occuri as a secondary product after 
muscovite, when it occurs as margins on the plates of muscovite. CryophiUite 
similarly occurs on plates of lepidolite. Phlogopite occurs chiefly in metamorphosed 
limestones and dolomites and serpentine ; W. Cross found it in an igneous rock, 
and it appears in some igneous rocks rich in magnesia and poor in iron. Biotite 
occurs in many igneous rocks— granite, syenite, diorite, trachyte, andesite, basalt, 
etc. It is rare in rocks containing a sinall proportion of magnesia or potash. 
It separated early in the crystallization of rock magmas, and followed the metallic 
ores, apatite, and zircon. It is a common constitueAt of gneiss and schists, and is 
developed in some zones on contact mctamorphism. Lepidomelane occurs in 
felspathic rocks low in magne.sia and high in iron- c.//. some granites, syenites, etc. 
It is also found in metamorphic rocks. 

I'he alleged syntheses of mica are not altogether free from objection, because 
the micaceous appearance of a product is not proof that a mica has been formed. 
Further, although some phlogopitos are almost anhydrous ; in general, water is an 
essential constituent of true micas, and therefore pyrogenetic processes which yield 
anhydrous product s may furnish mica -like products, but not true micas. F. Fouque 
and A. Michel-L(^vy heated powdered vitrefied granite with water under press, 
for a long time at red-heat, and obtained an artificial rock with scales of mica. 
C. Doelter reported the synthesis of scaly crystals of muscovite by heating andalusite 
with a soln. of potassium carbonate and fluoride at 250°. In nature, also, andalusite 
readily alters into muscovite. J. Lemberg did not get mica by heating andalusite 
with sodium silicate. S. J. Thugutt obtained potash-mica by heating to 196°- 
233" a mixture of potash nephclinc and water — G. Friedel studied the reverse 
reaction. E, Baur and F. Becke made muscoviti^ by heating in steel cylinders 
mixtures of silica, alumina, and a soln. of potassium hydroxide at 350°-450" for 
12-16 hrs. C. Doelter also obtained micas by fusing various natural silicates — 
e.g. leucito— with potassium or sodium fluoride. When andalusite is fused with 
a mixture of potassium fluosilicate and aluminium fluoride, muscovite was forimjd ; 
and when some lithium carbonate was pr(‘sent, a lithia-mica was produced. 
P. llautefeuille and L. P. de St. Gilles found that biotite is formed by fusing a 
mixture of the constituents with potassium fluosilicate. K, ChrustscholT fusecl a 
mixture of the constituents of mica with the fluorides of sodium, aluminium, 
and magnesium, and also with potassium fluosilicate, and obtained crystals of 
biotite by slowdy cooling the mass. J. Morozewicz mixed the constituents of 
rhyolite with one f)er cent, of tungstic oxide, and aft(‘r })rolonged fusion and slow 
cooling, obtained plates of biotite. 0. Doelter obtained biotite (sodium) by fusing 
a mixture of hornblende, ])yrope, augite, almandite, or grossularite with sodium 
and magnesium fluorides ; by fui.ing leucite with magnesium fluoride ; and by 
fusing a mixture corresponding with K AlSi() 4 , Mg 2 Si() 4 , and sodium and magnesium 
fluorides. Glaucophane treated similarly also gave phlogopite. E. Mitscherlich, 
J. F. L. Hausmann, and G. Forchhammer found mica-])lates in slags, crucible walls, 
and furnace masonry. J. H. L. Vogt found that some slags from a copper works 
contained phlogopite witli the hydroxyl replaced by a monad radicle. G. V. Wilson 
observed the formation of micA by the action of molten glass on bricks. 

Micas vary greatly in colour. Muscovite may be colourless, white, grey, yellow, 
brown, pale green to olivij-green, viokt and rarely rose-red. Some Bengal musco- 
vites are dark red, and th<! colour deepens into ruby-red when in thick sheets. 
Amber-colour(>d muscovite is found only in the Nellore district, Madras. Para- 
gonite may be tinged with yellowv grey, of' green ; lepidolite is white, grey, lilac, 
or rose-red ; and zinnwaldite is coloured like lepidolite, but in addition it may be 
brown. Phlogopite is often browh or brownish-red, but it may be colourless, white, 
yellow, or grt^en ; biotite is usually green or brown to black, often pale yellow, and 
rarely white. Lepidomelane is black. Fuchsite, or chromiferous muscovite, is 
emerald-green. Wlien in thin sections, the lighter-coloured micas may appear 
colourless. The colour is modified by inclusions. " In some cases there are aggre- 
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gates of wavy lines of a lighter colour than the mica itself ; or a sheaf of such lines 
may spread in one direction from an inclusion. The lustro of mica is often different 
on the cleavage planes from what it is on the other planes. The lustre may be 
vitreous, or pearly ; and in some cases glassy, and dull. 

J. B. Biot showed some crystals of biotitc atre uniaxial ; but G. Rose found 
that the greenish-black crystals from Vesuvius belong to the monoclinic system, 
and this was verified by the measuren\pnts of W. Phillips. On the other hand, 
J. C. G. de Marignac said that the Vesuvian mica is hexagonal, while mica from 
Binnenthal is monoclinic. Iho hexagonal character of the crystals was accepted 
by G. A. Kenngott, N. von Kokscharoff, and F. Hessenberg. B. Silliman, however, 
remarked that the crystals of biotite are often biaxial, and that uniaxial biotite 
is anomalous. This was confirmed by W. P. Blake, II. W. Dove, H. de S^narmont, 
J. Grailich, etc. F. Leydolt, F. von Kobell, F. Hessenberg, G. vom Rath, M. Bauer, 
H. Baurahauer, and others supported the view that some micas belong to the 
rhombic system. T. L. Walker said that probably all the micas except muscovite 
have hexagonal symmetry, and belong to the triclinic system. M. Ro}'er also 
inferred from the growth of crystals of ammonium iodide on fresh cleavage faces of 
muscovite, that the mineral is of triclinic symmetry, and is built up of laminations 
twinned at 1 BO'' to one another so as to mak<‘ the crystals pseudomonoclinic. A . des 
CHoizeaux proposed assigning all the micas to the rhombic system, but he later 
showed that some belong to the hexagonal sy.stem. C. Hintze showed that the effect 
of temp, on the axial angles of the crystals of mica doi'S not support the view that 
the crystals are hexagonal, or rhombic. N. von Kokscharoff then proved that the 
facts best fit the assumption that all the micas are nionwiinic. This conclusion 
w'as confirmed by the w'ork of G. Tschermak, and M. Bauer, who showed that no 
mica has a liigher symmetry than corresponds with this system. The biotites 
which have the optic axis in the })lane of symmetry hav<> bcim called nwroxertes, 
and thos(‘ witli the o})tic axis per|Mmdicular to the ])}ane of symmetry have been 
called atunnUc.s^ from aco/io?, contrary to law. Tiie.se two optical varieties of 
biotite have not been found to be a.s.sociated with any particular composition or 
magma, for both varieties may be a8.sociated with the .same rock. 

Isolated crystals may be scattered through masses of rock, or groups of crystals 
may be present in curved, spherical, or radiating fan-like clusters. Mi('a occasionally 
occurs ma.s8ive and cryptocrystalline. The size of the crystals varies from the 
cryptocrystalline forms to the crystals of muscovite from Nellore, India, which 
have been known to measure 10 ft. acro.sa their basal planes. Phlogopite crystals 
wH'ighing 3<KK) lbs., and measuring 5 ft. by ft., have been taken from Canadian 
mines. Sin^h hy|)ertropes are exceptional. Crystals from 
t)~12 ins. in diameter are common. Geometrically j^erfect 
crystals, free from di.stortion, etc., of a .size .suitable for 
accurate mea.supement, are comparatively scarce. The 
pri-sni face m of the crystal. Fig, 131, is the (221)-fac(^ ; c is 
the (llO)-face; h, the (OlU)-face ; and fi, the (in)-face. 

The edge cm is sometimes replaced by facets of o, the 
{ 1 1 2)-face, and the angle co - -73'' 1 '. MicA crystals— parti- Fio. 131 .—Muscovite, 
cularly those in the coarsely crystalline and softer rock.s— 
may have been more or less distorted, cru.^hed, and twisted. The so-called step- 
crystals are formed when the press, has acted across the crystals, so that the 
laminm have slipped in layers of varying thickness to form a sc^ries of steps 
w'hich have generally been cemented in theftr new position by thin films of 
calcite or other mineral. The crj^stals may also have been subjected to some kind 
of chemical action, as is evidenced by pitted or roughened surfaces. The crystals 
of the different micas are isoraorphous with one another. As indicated above, it 
is possible that the crystals belong to the monoclinic system, but, owing to the 
basal angles measuring approxipiately 120®, there is in many cases a close approach 
to the hexagonal or rhombic symmetry. N. von Kokscharoff gave for the 




612 INORGANIC AND THEORETICAL cfeEMISTRY 

axial ratios of muscovite, « : i : «=0-577/ : 1 : r6466 ; 6. Tsckrmk g 
0’6777 : 1 : 2*1932, and 2'; and A. des Cloizeaux, 0*6777 : 1 : 11583 , and 
5=109'^ 25^ N von Kokschafoff gave for biotite 0*57736 : 1 : 1*64613 and ^=90^ 
The isomorphism of tho micas i^ illustrated by the intergrowths of light-coloured 
muscovite with dark-coloured Motite, so that the latter encloses the former, 
and the cleavage of the one continues into that of the other. The symmetry planes 
often he turned at an angle of 60° to one aiKither. Lepidolite and muscovite behave 
similarly; and zonal intergrowths of biotite and Pennine (a chloritic mineral) 
have been found. The frequent intergrowth of biotite and muscovite has suggested 
that the latter is an alteration product of the former. J. E. Pogue described the 
parallel growth of biotite and mica, and H. Baumhauer, of muscovite and lepidolite. 
Similar effects are produced simply by a crystal of dark-coloured muscovite enclosing 
a lighter crystal of muscovite ; and in some cases the two crystals have a different 
shape. In more complex cases, the successive stages in the growth of the crystal 
conform more approximately to the symmetry of the central individual, for the 
growth of the crystal has proceeded nearly equally in different directions. This 
has produced a banded structure, forming the so-called border mica. These 
phenomena of multiple crystallization, are probably produced by changes of press, 
and of tho composition of the cooling magma, which have interrupted the processes 
of crystallization. When the normal conditions have been re-established, crystalli- 
zation has begun anew, imparting a kind of zonal structure to the mica. R. Tronquoy 
(liscuss(‘d the zonal structure of mica. ^F. M. Jager, and F. Rinne have studied the 
X-radiogram of muscovittsand biotit(‘. The twinning of mica is shown in polarized 
light, when apparently well-formed crystals of mica are obviously composed of two or 
more individuals. The crystal forms, and the twinning of crystals of muscovite, 
lepidolite, and zinnwaldite were studied by G. Tschermak ; those of muscovite 
by H. Baumhauer, P. I. Grishchinsky, and A. Johnsen ; those of lepidolite, by 
W. T. Schaller ; those of biotite and phlogopite, by N. von Kokscharolf, A. des 
Cloizeaux, G. TscluTiiiak, G. vom Rath, H. Laspeyres, and S. Uroschewitsch. Ihere 
is an irregular juiuition line, and the optic axial planes of the twins are inclined 
to one another at angles of about G(P. The common plane of twinning is in the 
prismatic zone (1 10) perpendicular to the basal plane c and parallel to the edge cm. 
This twinning plane may form the intergrowth face with both individuals in 
adjacent positions either with the front right prism edge or with the front left prism 
edge -Fig. 132. Twinning, however, does not usually proceed from twin faces— 
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Fio. 132.— Juxtaposition Twins on tho Front 
rrisin Face — Kight and Left. 


Fio. 133. — Superposition Twins on 
the Hosal Plane — Right and Left. 


i.e. horizontally, but rather from the basal plane, so that the two indi\ddual8 are 
superimposed and in contact along a plane almost parallel to 
left twins then appear as in Fig. 133,^ The re-entrant angles mm==162 49 and 
?u6=-179° 19'. This twinning is common with zinnwaldite and is often evidencea 
by the matte appearance of the m-faces. Owing to the twinning, large crystal 
of mica appear as rude tapering prisms with irregular sides. Usuauy the crystals 
are tabular owing to the preponderance of the basal plane c ; sometimes they have 
rounded edges ; and rarely, the qiystals are short and columnar in the direction 
of the vertical axes. In some cases, a number of small individuals of various shapes 
and sizes have intergrown symmetrically so as to form one large crystal. In some 
cases the largo crystals are hollow as if the smaller crystals have grown about some 
mineral which has been subsequently removed. Th.e corrosion figures have been 
studied by T. L. Walker, H. Baumhauer, etc. 
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The dea?«ge of mica parallel to the (001)>£ace or base of the priam is highly 
developed, and it causes the crystals to cleave readily into thin lamina). There 
seems no other limit to the possible thinness of the plates than the mechanical 
possibility of splitting them. Plates yjj^^^th in. thick are easily obtained, and 
C. W. Jefferson and A. H. Dyer obtained plates t)“00003 in. thick, but of no great 
size. This thickness is about one-thirtieth of that of ordinary tissue paper. These 
sections of mica parallel to the (OOl)-face do not usually show any cleavage lines or 
fracture cracks ; but in all other positions, numerous sharply defined parallel 
cleavage cracks are noticeable in the direction of the trace of the (OOlj-face. Other 
lines of parting may be developed in mica by percussion with a sharp- 
pointed instrument, or by press. Pressure figures can be developed by natural 
processes—say, by the crystallization of some foreign mineral within tlie mica 
crystals, or by an external press. — or they may be produced by pressing normally 
to a cleavage plate with a dull pointed instrument. The planes fracture with a 
naturally developed press, figure divide the mica crystal into trigonal pieces. 
If the press, has been equally distributed, the cleavage ])late8 n\ay show a close 
network of intercrossing fine line.s ; and plates are said to be ruled mica. When 
the press, lines form in two directions the so.-called feather mica may be ])ro(luc(Hi. 
If the press, has been sufficient, these cleavage, plat-es may split along such lini's, 
forming small fragments of regidar shape. This spbtting spoils th(‘ <’ommercial 
value of the mica. In some ca.ses. the pn'.ss. lines an^ dcvelo]>ed in one dir(*ctioji so 
that the ch'avage plates can be .split into narrow .strips commercially calhsi nhhon 
mica. The fragments po.ssess pseudo-crystalline faces, some of which an' int'lincd 
about 67” to the basal ch'avage plane, these' faces are calh'd gliding planes. The 
gliding planes and cleavage planes are quite distinct and do not coimude, although 
the twinning planes of mica cry.stals coincide, with the gliding })lanes. A. Johnsen, 
and W. Wt'tzcl studied the [)re.ss. figures of micA. The percussion figure, d«'velop<'(l 
by striking a cleavage plate of nnca with a .shar]), pointed instrument, may apjx'ar 
us a six-rayed star, or, if imjierfectly dev<'loped, as a three-rayed star. The per- 
cus.sion figures wt're studied by H. Reuseb, I). Hotmail, M. Hauer, T. 11. Holland, 
W. Wetzel, G. T.sclicrmak, and A. .lohnscn. Tlic mo.st promimmt crack in the 
three-rayed star is approximately jiarallel to the (OlO)-face, and the otlu'i’ two, in 
biotite, ar(' parallel to the (ll())-faee. The' angle k of inti'rsectioii of the rays is 
approximately 60'’, T. L. Walker found that the inclination of the one crack to 
the principal one is r)2” bJ'-ot)'’ for mu.scovite ; 59” for lepidolite ; 60” for biotite ; 
and 6r-6.’r 28' for plilogojiite. 'Flic principal crack in the pc'reussion figure, being 
paralh'l to the (OlO)-facc, .H('rves to orient the mica when the outw'ard form of the 
crystal is wanting. As shown by .1. Grailicb, and H. Rcuscli, one of the. rays of the 
jH'i’cussion figure is pi'rjx'ndieular or parallel to the optic axial jilane, and it must 
therefore be the trace of the plane of symiiK'try. G. Tschi'miak C4ill<*d tlui micas 
in which the optic axial jilane is perpendicular to the plane of symmetry, mum of 
the jirsl class, or macrodiaijonal miem- c.tj. the alkali micas, and the rare varieties of 
biotite called anmnitc. Those micas in wliicli the axial plane is parallel to the (010)- 
face were called micas of the .second ckiss or brnchydiagonal mic/is — e.g. the ferro- 
magnesian micas, phlogopite, and zinnwaldite. T. H. Holland investigated the 
percussion figures and the natural press, figures due to the inclusion of crystals 
of a foreign substance. The angles of intersection of the rays approximate 'k)'\ 
and one of the rays occupies the correct position of the principal ray of tlu' artificially 
produced percussion figure. The natural figure, unlike the artificial, is formed by 
the intersection of rays at 60°. T. H. Holland also found that at 3(X)°, the angle k 
of the rays of the percussion figures is always larger than the corri'sponding angle 
on mica at ordinary temp. Thus, the angle k at 

Ordinary temp. 5.3® 63® 30' 64° 65° 

300° 66° 66® 67° 57° 30' 

This shows that muscovite possesses a higher degree of crystalline s^unmetry at 
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higher temp., and that the crystal, at the temp, at which natural figures are pro- 
duced, might possess hexagonal rather than monoclinic symmetry. According to 
C. Hintze, the measurements' of a Vesuvian biotite made the mineral appear 
hexagonal or rhombic, but in thpse systems the optic axis remains perpendicular 
to the base at all temp., whereas a change of over 30' was observed at 178®, he 
inferred that the mineral was monoclinic. 

When cleavage plates of some varieties of mica are examined by reflected or 
transmitted light, in certain directions, peculiar 8tai;-like light-rays appear. The 
phenomenon is called asterism, and it is also exhibited by other minerals — e.g. the 
sapphire, quartz, chrysotile, satin spar, etc. G. H. Volger suggested that in the 
case of the sapphire the asterism is produced by repiiated lamellary twinning, and 
G. Tschermak, by minute interstices arranged parallel to the sides of the hexagonal 
prism. With mica the asterism may be produced by inclusions between the lamina) 
of numerous minute crystals whose axes are oriented at an angle approximately 60® 
to one another, and which were supposed by G. Rose to be mica, but were shown by 
G. Tschermak to be rutile. H. S. de Schmid found asterism was also produced 
in muscovite by regularly arranged hair-like tourmaline needles ; he also said that 
the effect may be produced by very .fine striations-~e.^ 9 . polysynthetic twinning ; 
minute fractures by a distortion of the crystals ; inferior cohesion of laminae ; 
interstices ; or fibres which go to compose the mineral itself. In some cases there 
is double asterism. 

Most varieties of mica are biaxial with a measurable angle between the optic 
axes, but in some biotites the angle is so small that the crystals appi'ar uniaxial. 
The optic axial angle, 2/^, of muscovite is large and varies greatly usually ranging 
from r)()®-7()® ; that of phlogopite and biotite is small, ranging from i0®-17®. 
J. Grailich found the optic axial angle of muscovite increased as the sp. gr. increased. 
Thus : 

Sp. gr. , . . 2-602 2-714 2-766 2-782 2-790 2*796 

2E . . . . 66-2® 69 7® 705® 712® 72-3® 72*0 

The o})tic axial angle of muscovite was found by G. Tschermak to vary from 55°- 
69° 12' with red glass ; from 60® r2'-68° 54' with Na-light ; from 60® 6'-68° 30' 
for green glass ; and 67® 54' for blue glass. R. Scharizer gave for the red 
ray 2£'-~74® 50', and for the Na-ray 2i?~73® 52' ; 11 Silliman found for different 
varieties of muscovite, 2/^-=56® 20'-76® ; H. de Senarmont, 2E 57®-73® ; J. Grailich, 
2E--b0° 12'-70® 12' ; and M. Bauer, 2^/--6r- 74® 36'. For paragonite, G. 'fschermak 
gave 2Ab -70®. For lepidolite, R. Scharizer gave 2E~bV 13'-83® 16' for red glass, 
and 57® 10'- 84® for Na-light; ,M. Bauer gave 2/i’=32®-36°, and 59® 24'; 
G. Tschermak, 2A’— 77® 10' for red light, 76® 51' for Na-light, and 76® 34' for green 
light; G, Rose, 2i?=51®-67®; and J. Grailich, 74® 76° 40'. For zinnwaldite, 
G. Tschermak gave 2^—50® 36' for red light, 50® 25' for Na-light, and 50° 5' for 
Tl-light. J. Lorenzen gave 67° 13' for Li-light, 67® 19' for Na-light, and 67° 51' 
for Tl-light. For biotite G. Tschermak gave 2E from 6° 1G'-12® 22' for red glass, 
6° 24'-12° 48' for Na-light, 9® 24'-13® 18' for Tl-bght, and 8° 18' for green glass. 
For phlogopite, 0. Tschermak gave 2£— 14®-16® 17' ; and for anomite, 2A'— 12° 55' 
for red glass, 12® 40' for Na-light, ;vnd 12® 35' for green glass. B. Silliman 
gave 2£=-7°-18°; J. Grailich, 0°-2® 40'; A. Lacroix, 2^=:^15°-35®. The optic 
axial angle of phlogopite appears to increase as the proportion of contained 
iron increases. F. Kohlrausch ga,ve for mfascovite, 2F=43® 488' for Na-light; 
M. Bauer gave 40® 21®. A. des Cloikeaux measured the effect of temp, on the 
optic axial angle, and found for different samples 2J&:^70® 4' at 6-6®, and 68® 56' 
at 155-8® ; 69® 44' at 6*6®, and 68® 5' at 158® 8' ; and 

6 - 6 " 71 - 5 * 106 - 5 * 125 “ 140 * 6 “ 170 - 8 “ 

2E . 76® 60' 76® 16' 76“ 68' 76“ 32' 76“ 30' 76“ 10' 

showing that the optic axial angle becomes smaller with rise of temp. He also 
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found with red light for biotite at 17®, 25=12® 3', and ITS' at 171°, 3' at 21*5°, 

and 13® 28' at 181° ; etc. T. L. Walker, H. C. Lewis, and K. Toborffy measured 
the optic axial angles of a number of micas. H. Buumhauer called the variety of 
lepidolite with a large optical angle niacrolepidolite, and the variety with a small 
angle microlepidolite. A. Johnsen discussed the axial angles of meroxene. The 
corrosion figures of muscovite with hydrofluoric acid were studied by T. H. Hol- 
land, Z. Toborfiy, H. Baumhauer, and Wiik; those of lepidolite, by F. J. Wiik ; 
those of zinnwaldite, and biotite by H. Baumhauer, and F. J. Wiik. The crys- 
tallization of sodium chloride in definite position.^ on mica was studied by G. Kalb. 

The specific gravities of most of the samples whose analyses have been 
indicated were also measured. In general, the sp. gr. of muscovite ranges from 
2’76~3'(X); paragonite, 2 8-2*9; lepidolite, 2*8-2*9 ; zinnwaldite, 2 82 3*20 ; 
phlogopite, 2*78-2*85 ; biotite, 2-7~3*l ; and lepidomelane, 3 0 3 2. Micas are 
soft minerals ; tlie hardness usually ranges from that of gypsum to that of calcite ; 
they can be '■eadily scratched by iron or steel, and, in some cases, by the finger-nail, 
The granitic micas are Jisualiy harder. The hardness rang(‘S from 2-21 with 
muscovite ; with lepidolite ; 2j-3 with paragonite, ziimwalditi', phlogopite, 
and biotite; and 3 with lepidomelane. A. .Kosiwal made some observations on 
this subject. L. A. Coromilas found the maximum elastic modulus at 0 ’ to bo 
22,133 kgrms. per 8(p mm. : and the minimum value at 45® to be 15,543 kgrms. 
per sq. mm. L. 11. Adams and co-workers found the compressibility, of phlogo- 
pite mica to be 2*34-1-10“® at 0 megabar pr(‘s.s., 2*27 -flO“® at 2000 megaburs, and 
rfiOxlir® at 10, (XK) megabars; or /3--0'0527(b-0‘Oio348(p— po)- Although mica 
is s\ich a soft mineral, the basal cleavage into smooth tough laminin makes the 
grinding of mica to powder a difficult operation. 'I’he subject has been disciifwod 
by II. J. Hannover, .1, Ke(‘th, and A. .lohnsen. E. Griflitlis and G. W. 0. Kaye 
gave {)-(K)l0-()*(Hll4 for the thermal conductivity of mica at 150 ’ and under a press, 
of 120 lbs. per .sq. in. H. Michell used scrap mica as a covering for steam pipes, 
boih'rs, etc. The effect is not due so much to the non-(!onductivity of tin', mica 
itself as to the numerous air-spaces in the, lagging. F. (3rkel descrilu's O'sts which 
show that with a bare st(‘am-])ipe, 75 ]M*r amt. of the loss of 8t(^am by coiuhmsatiou 
in the pipes can be saved by lagging the surfaces of the pipes, and 90 per cent, was 
saved by using a mica insulation ; and also tests on the mica insulation of boih^rs 
which confirm these re.sults. There is a saving of about 90 per wmt. of the heat 
radiated from a bare, boiler, and the efficiency is nearly twic<‘ as great as insulation 
by magin*sia blocks. S. L. Brown mea.sured the variation of the diathermancy 
of mica with temp. 

P. Brat'seo found the expan.sion of mi(^ to be regular up to 9(X)®. J, Joly 
found the Specific heat of muscovite to be 0*2049 between 12'4® and KXJ® ; lepidolite, 
0*2097 ; and biotite, 0'2057. According to (J. Doelter, when muscovit<'. is fused, 
it breaks up into leucite gla.Hs and a substance resembling ncplicliOi ; lepidolite 
behaves in a similar manner. J. Morozewicz .said that he found sillimanite and 
corundum among the products of the fusion of micu-. The change may be symbolized : 
KH2Al3Si30|2— KAlSi20e-fAl2Si()5H20. According to A. Brun, the dehydration 
of powdered mica commences in a vaemum at 98° and jiroceeds regularly ; at 360®, 
one-quarter of the water is lost in the case of white micas, and four-nintlis with 
black micas. Plates of mica were cornpleU^y dehydrated when heati'd for half an 
hour at 830°, or for ten to twelve days at 5l0®-540°. The material suflered no 
change in its optical properties, but,, owing to the liberation of gas between the 
lamella', the plates became opaque (this, howc^^‘r, could be avoided by heating in a 
vacuum under certain conditions). The quantity of hydrogen liberated de{Hmded 
on the rate of heating, less being obtained when the material is heat<*d very slowly. 
The water was assumed to exist in the micas in a state of solid soln. According to 
C. Doelter, biotite does not yield leucite when fusc^d, but breaks up into olivine 
and spinel. H. Biickstrom obtained olivine, leucite, a little spinel, and a gla.ss 
among the products obtained by fusing biotite. There is tliendonj no melting 
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point in the strict sense of the term. C. DoeJter found samples of biotite which 
were molten between 1145° and 1240°; meroxene was molten between 1355° 
and 1370°; anomite, 1325°-1395°; lepidomelane, 1150°-1170°; and phlogopite, 
1270°-1330°. G. Tammann and C. F. Grevemeyer found that mica forms a 
sparingly soluble potassium aluminosilicate when heated to 1000°. The fluxing 
of mica with clays and related materials has been examined by R. Rieke, R. T. Stull, 
and H. Ries. The softening temperature; of mixtures of muscovite and orthoclase 
were determined by A. S. Watts ; and of mixtures of china clay and muscovite by 
R. Rieke. 

The index of refraction varies considerably for each kind of mica. That 
of muscovite was found by M. Bauer, C. Viola, B. Hecht, R. Scharizer, etc. 
F. Kohlrausch gave for Na-light, a —1-5609, j8 —1*5941, and y=l-5997 ; A. Matthies- 
sen, a--l-5692, j3-l-G049, and y-=l-6117 ; and C. Pulfrich, a-1-5601, j8-l-5936, 
ami y— 1*5997. The last-named found for Li-light, a=l*5666, j3=l*5899, and 
y-l*5943 ; and for Tl-light, a=l*5635,j8 -1*5967. and y-1 *6005. R. Scharizer gave 
for lepidolite, j3— 1*5975 and y-=l*6047 ; but B. Hecht doubted if these values were 
accurate. A. Michel-Levy and A. Lacroix gave for phlogopite, a=l*662, j3=l*606. 
H. Rosenbusch and E. A. Wiilflng found the index of refraction of biotite increased 
with the iron content. G. Linck found a=l*504, j8— 1*589, and y=l*589. 
F. Kohlrausch, and K. Zimanyi obtained values for a ranging from 1*5412-1*586, 
and for y, from 1*5745-1*6032. The birefringence is strong for all kinds of mica ; 
that of muscovite is y— a=0*0392, y— j3=0*(Xi61, and a=0*0338 ; that of 
lepidolite is large and negative ; and that of biotite y— jS is almost zero ; and y— a, 
increasing with the percentage of iron, attains to 0*06. Mica in general is optically 
n(‘gative. The optical properties of mica were also described by 8. Tsuboi, 
F. W. Clark and W. F. Hunt, H. Backlund, A. Laitakari, etc. J. Chaudier found 
the electric birefringence of mica particles suspended in water to be 0*40, and the 
optical birefringence, 0*04. P. N. Ghosh iuvestigatiid the laminar diilraction of 
mica ; and F. Meyer and D. W. Bronk, the ultra-red spectrum. 

The pleochroism of biotite is very strong especially with the d<M'p('.r coloured 
varieties. This has been studied by K. Toborlfy,^^ G. Tschermak, G. Flink, and 
A. Lacroix. Muscovite is not generally pleochroie., althougli xM. Bauer found some 
varieties are pleochroic, and F. Cornu ob.s('rved the phenomenon with the clirom- 
iferous muscovite, fuchsite. Brown micas, cordierite, and some other minerals have 
certain small circular spots when viewed in section. Tlu^ spots are calh'd pleochroic 
haloes. These haloes arc invariably associated with a minute, centra] ly-})lac(‘d 
crystal of zircon or apatite. The; medium in which the halo occurs with biotite is 
pleochroic, but the pleochroic properties are intensified in the halo. Ifiie halo dis- 
ajipears when the mineral is heated, hence it was once thought to be produced by 
organic matter ; but the haloes are really spherical, and it is doubtful if the diffusion 
of colouring matter would proceed at an equal rate across and along the cleavage of a 
mineral like mica. J. Joly showed that there is an exact correspondence between 
the radius of the halo and the distance which the a-part.icles of radium would pene- 
trate before the ionizing properties would disappear. The maximum diameter of 
the haloes is 0*05 mm. ; the average 0*04 mm. Hence, J. Joly infers that the halo 
is produced by the radioactivity of a central radioactive substance. This is con- 
firmed by 0. MUgge, and O. Hovermann. M. Weber examined the effect of the 
pleochroic haloes of mica and cordierite on zircon. 

W. W. Coblentz found that the ultr^refl transmission spectrum of the micas 
showed no deep wide absorption bands at 3p, characteristic of hydroxyl groups. 
Muscovit-e gave a deep narrow btmd at 2*85 /li, and smaller bands at 1*9, 3*6, 5*6, 
5*9, 6*3, and 7*l/i ; while biotite nas small bands at 2*8, 5*9, 6*2, and 6*7 /li, and 
indications of bands at 5*6 and 7-8fi. It has also one in the visible spectrum. 
Both micas have an opaque region from 9"llp, a transparent region at 12p, and 
again complete opacity. The spectrum energy curves were studied by E. F. Nichols 
and W. W. Coblentz, and G. W. Stewart. Metallic reflection bands were found 
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by H. Rubens and E. F, Nichols at 8*32, 9*38, 18*40, and 21*25/4, so that the bands 
located by reflection and transmission do not coincide. W. W. Coblentz found 
reflection bands in the uHra-red reflection spectrum of muscovite at 9*2, 9*7, and 
10*2/1. H. Rosenthal also failed to observe a reflection band at 8*32. W. W. Coblentz 
found maxima with biotite at 9*3, 9*6, and 9*85/i. The reflecting power of the 
micas is comparable with that of the silicates. The positions of the maxima are 
variable, presumably owing to variations the composition of the mineral. P. Ites, 
and J. Konigsberger studied the relation between the absorption of light and the. 
colour of biotite. L. C. Martin, and S. L. Brown measured the transparency of 
biotite for the ultra-red rays. The flame spectra of micas were studied by 
W. Vernadsky and B. A. Lindoner ; and tlie grating spectrum by B. Davis and 
H. M. Terrill. 

W. Vernadsky found muscovite? and biotite to exhibit thboluminesceuce. 
C. Doeltcr found radium radiations have no action on muscovite, and they do not 
make biotite luminesce. C. Doelter also said that muscovite and biotite are not 
very transpanuit to X-rays, but thin layers 0*5 mm. t liick an? transjiarent ; Singalese 
biotite was almo.st opac^ue ; and a very ferniginous black biotite was opaepu*. The 
ratio of the transpareney of phlogopite to that of tinfoil was as 1 : 20 when the 
ratio with the diamond is as 1 : .‘KKJ or as 1 : 125. Biotiti' is not radioa('t ive when 
fre(‘ from radioactive impurities. 

J. Curie found the electrical conductivity increased with the temp. C. Doelter 
obtained a very small value for the conductivity at 11(K)°, but it increased in value 
b(‘yond this temp. The conduct ivity at 1200'" is small but measurable. Hence, 
mica is a good insulator at temp, below IBhC. W. H. Schultzo found that sheets of 
mica split along the plane of cleavage resmnble gla.ss in improving in conductivity 
as the t(mip. rises, and also m a maximum coiKluctivity Ixung obtained at about 
30()’", after which further incn'use in the temp, cauw^s a diminution in conductivity. 
Mica is a better insulator than glass. Measurements of the electrical conductivity 
were made by H. H. Poole, and b]. Branly. A. L. Williams and J. C. MeLeniian, 
and K. R. Rainanathan measured the resistance of fus(‘d mixtures of mica and 
copper or iron. E. Wilson studied the magnetic suscc'ptibility . E. and W . 11. Wilson 
and T. Mitchell found the sp. resistance varied from 0*44- 133*0 X 10“*^ ohm.s jier 
cm. cube. The electricjil resistance of mie^ has been studied by (). N. Rood. 
A. Kluutzsch found the sp. resistance of a numlier of samples to vary from 7U)- 
12(K) megohms — one sample had a sp. resistance of 380 megohms. The breakdown 
voltage of ])lates from ()*12-0’25 mm. in thiekness variecl from 1(),0()()-18,(KH) volts. 

E. Bouty found the dielectric constant to be 7*98-8 13 ; E. Mattenklodt, 
71-7*7; II. Starke, 5*H-6 r)2 . and A. Elsa.s^ 5*66 -5 97. The diflerent micas 


have different values, jiarticularly those witli a varying proportion of water. 
E. Mattenklodt found the valin* to be independent of the field strength, and of the 
temp. — at least the temp, coeff. is loss than ()*tKKK)()33. d. Curie obtained 8 0 for 
the dielectric constant of musco- 
vite pprp{*ndicular to a cleavage 
surface. E. and W. H. Wilson and 
T. Mitchell measured the dielectric 
strength of different micas in terms 
of the difference of potential re- 
quired to puncture a given speci- 
men when surrounded by air ; this 
constant is a function of the shape, 
relative size, distance apart, and 
nature of the electrodes. Some 
results for (1) Bengal ruby mica, 

(2) Canadian amber mica, and 

(3) Madras green spotted mic» of different thicknesses, are sliown in Fig. 134. 
They found that the specific inductive capacity of some samples of mica varied 
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point in the strict sense of the term. C. Doeltcr found samples of biotite which 
were molten between 1145*^ and 1240°; meroxene was molten between 1366° 
and 1370°; anomite, 1325°-1395°; lepidomelane, 1150°-! 170°; and phlogopite, 
1270°~1330°. G. Tanwnann and C. F. Grevemeyer found that mica forms a 
sparingly soluble potassium aluminosilicate when heated to 1000°. The fluxing 
of mica with clays and related materials has been examined by R. Rieke, R. T. Stull, 
and H. Ries. The softening temperatures of mixtures of muscovite and orthoclase 
were determined by A. S. Watts ; and of mixtures o,f china clay and muscovite by 
R. Rieke. 

The indei o! refraction varies considerably for each kind of mica. That 
of muscovite was found by M. Bauer, C. Viola, B. Hecht, R. Scharizer, etc. 
F. Kohlrausch gave for Na-light, a~l*5609, jS— 1‘5941, and y—1'6997 ; A. Matthies- 
sen, a=-l-5692, ^-T6049, and y-=l-6117 ; and C. Pulfrich, a=l‘5601, j8-l-5936, 
andy~l‘5997. The last-named found for Li-light, a~l‘5666, j3™l*5899, and 
y--l‘6943; and for Tl-light,a“l'5635,j3 -1-5967, and y—1‘6005. K. Scharizer gave 
for lepidolite, j3“l-5975 and y— 1-6047 ; but B. Hecht doubted if these values were 
accurate. A. Michel-Levy and A. Lacroix gave for phlogopite, a=l-562, 1-606. 

H. Rosenbusch and E. A. Wiilfing found the index of refraction of biotite increased 
with the iron content. G. Linck found a= 1-504, jS— 1-589, and y— 1-589. 
F. Kohlrausch, and K. Zimanyi obtained values for a ranging from 1-5412-1-586, 
and for y, from 1-5745-1-6032. The birefringence is strong for all kinds of mica ; 
that of muscovite is y— a -0-0392, y—/3— 0-0061, and j8— a- 0-0338 ; that of 
lepidolite is large and negative ; and that of biotite y is almost zero ; and y— a, 
increasing with the percentage of iron, attains to 0 06. Mica in general is optically 
negative, The optical properties of mica were also described by S. Tsuboi, 
F. W. Clark and W. F. Hunt, H. Backlund, A. Laitakari, etc. J. Chandler found 
the electric birefringence of mica particles suspended in water to be O lO, and tlie 
optical birefringence, 0-04. P. N. Ghosh investigated the laminar dillraction of 
mica ; and (h F. Meyer and D. W. Bronk, the ultra-red spectrum. 

Th(5 pleochroism of biotite is very strong especially with the de(‘per coloured 
varieties. This has been studied by K. Toborffy,^^ G. Tschermak, G. Flink, and 
A, Lacroix. Muscovite is not generally pleochroic, although M. BaiuT found some 
varieties are pleochroic, and F. Cornu obsi'rv'ed the phenomenon with the chrom- 
iferous muscovite, fuchsite. Brown micas, corduTitc, and some othcu' minerals have 
certain small circular spots when viewed in ai'ction. Thi‘ s})ots are called pleochroic 
haloes. These haloes are invariably associated with a minute, centrally-jilacisl 
crystal of zircon or apatite. The medium in which the halo occurs with biotite is 
pleochroic, but the ph'ochroic properties are intensilied in the halo. The halo dis- 
appears when the mineral is heated, hence it was onc«3 thought to be produced by 
organic matter ; but the haloes arc really spherical, and it is doubtful if the diffusion 
of colouring matter would proceed at an equal rate across and along the cleavage of a 
mineral like mica. J. Joly showed that there is an exact correspondence between 
the radius of the halo and the distance which the a-partjcles of radium would pene- 
trate before the ionizing proprties would disappear. The maximum diameter of 
the haloes is 0‘U5 mm. ; the average 0‘04 mm. Hence, J. Joly infers that the halo 
is produced by the radioactivity of a central radioactive substance. This is con- 
firmed by 0. MUgge, and -G. Hovermann. M. Weber examined the effect of the 
pleochroic haloes of mica and cordierite on zircon. 

W. W. Coblentz found that the ultra-rwj transmission spectrum of the micas 
showed no deep wide absorption bands at 3/i, characteristic of hydroxyl groups. 
Muscovite gave a deep narrow bmul at 2-85fi, and smaller bands at 19, 3 6, 5 6, 
5‘9, 6-3, and 7*l/i ; while biotite nas small bands at 2 8, 5-9, 6*2, and 6-7jLi, and 
indications of bands at 5-6 and 7-8/i. It has also one in the visible spectrum. 
Both micas have an opaque region from 9-1 l/x, a transparent region at 12/i, and 
again complete opacity. The spectrum energy curves were studied by E. F. Nichols 
and W. W. Coblentz, and G. W. Stewart. Metallic reflection bands were found 
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by H. Rubens and E. F. Nichols at 8*32, 9*38, 18*40, and 21*25/x, so that the bauds 
located by reflection and transmission do not coincide. W. W. Coblentz found 
reflection bands in the ultra-red reflection spectrum of muscovite at 9*2, 9*7, and 
10*2/1. H. Rosenthal also failed to observe a reflection band at 8*32. W. W . Coblentz 
found maxima with biotite at 9*3, 9*6, and 9*85/x. The reflecting power of the 
micas is comparable with that of the silicates. The positions of the maxima are 
variable, presumably owing to variationstn the composition of the mineral. P. lies, 
and J. Konigsberger studied ^he relation between the absorption of light and the 
colour of biotite. L. C. Martin, and S. L. Brown measured the transparency of 
biotite for the ultra-red rays. The flame Sp6C^ of micas were studied by 
W. Vernadsky and B. A. Lindcner ; and the grating spectrum by B. Davis and 
H.M. Terrill. . _ 

W. Vernadsky found muscovite', and biotite to exhibit tribolumiuescence. 
C. Doelter found radium radiations have no action on muscovite, and they do not 
make biotite luminesce. Doelter also said that mu.scovite and biotite are not 
very* transparent to X-rays, but thin layers 0*5 mm. thick an* transparent ; Singalese 
biotiU; was almost opaqU(* ; and a very h'miginous black biotite' was opaiiiu'. The 
ratio of the transpareiny of plilogopite to that of tinfoil was as 1 : 20 when the 
ratio with the diamond is as I : 3(K) or as I : 425. Biotite is not radioactivt* wlum 


free from radioactive impurith'S. 

J. Curie found the electrical conductivity increased with the temp. C. Ihwlivv 
obtained a very small value for the condu('t|vity at 1100", but it increased in value 
beyond this temp. The conductivity at 12tK)‘' is small but measurabh', Hence, 
mica is a good insulator at temp, below 1 lOO". W. II. Schiiltze found t hat sluM'ts of 
mica s])lit along the plane of cleavage resemble glass in improving in conductivity 
as the temp, rises, ajid also in a maximum conductivity lu'ing obtained at about 
3tK)'^, after which further increase in the temp, causes a diminution in conductivity. 
Mica is a better insulator than gla.ss. Measurements of the electrical conductivity 
were made by H. H. Poole, and E. Branly. A. L. Williams and J. (I Midicniian, 
and K. R, Ramanathan measured the resistance of fused mixtures of mica and 
copjier or iron. E. Wilson studied the magnetic susceptibility . E. and W . 1 1 . V ilson 
and T. Mitchell found the sp. resistance varied from 0*44“133’()XK) ' ohms [ler 
(an. cube, fhe electrical resistance of mica has been studii'd by 0. N. Rood. 
A. Klautzswi found the sp. resistance of a numb(*r of samjiles to vary from 7(K)- 
1201) megohms — one sample had a sp. rcsi.stam^e of 380 megohms. The breakdown 
voltage of plates from 0*12-0*25 mm. in thi(*kin‘ss varied from 10,0(K)- 18,000 volts. 

E. Bouty found the dielectric constant to be 7*t)8-8*13 ; E. Mattenklodt, 
7-1-7-7; H. Starke, 5*8- 6-62. and A Eki.ss, 5*66-5 97. The, different micas 
have different values, particularly those witTi a varying proportion of water. 
E. Mattenklodt found the value to be independi'iit of the field strength, and of the 
t(',mp. — at least the temp, coefl. is h*ss than 0*tKMK)033. •). Curie obtained 8*0 for 
the dielectric constant of musco- 


vite perpendicular to a ch'avage 
surface. E. and W. H. Wilson and 
T. Mitchell measured the dielectric 
strength of different micas in terms 
of the difference of potential re- 
quired to puncture a given speci- 
men when surrounded by air ; this 
constant is a function of the shape, 
relative size, distance apart, and 
nature of the electrodes. Some 
results for (1) Bengal ruby mica, 
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(2) Canadian amber mica, and 

(3) Madras green spotted mica of different thickm'sses, are shown in big. L34. 
They found that the specific inductive rapacity of some samples of nii(*a varied 
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from 2'5-5'9 for thickness ranging from r22-5'0 mm. This subject has been 
further studied by J. Harden, E. Schott, W. S. Flight, J. R. Weeks, H. H. Poole, 
H. J. MacLeod, D. W. Dye and L. W. Hartshorn, P. Griinewald, and C. W. Jeffer- 
son and A. H. Dyer. The delet/irious effects of oil on the insulating properties of 
mica have been discussed by F. Droui. T. 0. Maloney found that a piece of 
mica which withstood 16,0(X) volts alternating current resisted but 9000 volts after 
the surface had been lightly coated wil^ paraffin oil ; under similar conditions, 
the breakdown voltage of another sample changed {fom 8000 to 4000 volts. Mica 
is accordingly used for inter])osing between the segments of the commutators of 
dynamos. The amber-mica of Canada, and the lepidolitt; of India arc used for this 
purpose ; muscovite, with its higher dielectric strength, is not considered so good for 
the purpose on account.of its greater hardness. 

A. Brun found that mica yields carbon dioxide, hydrocarbons, hydrogen, and 
nitrogen when heated — vide supra. 1. Langmuir discussed the adsoprtion of gases 
on the surface of mica. According to A. Kenngott, moistened and powdered 
muscovite or biotito gives an alkaline reaction with litmus ; after calcination, the 
reaction is feebler. With many bioiites the reaction is v(‘iy pronounced. E. W. Hoff- 
mann made some faulty observations on tlu; a(;tion of watBI on muscovite and 
biotite. A. Johnstone showed that the micas are hydrated by exposure to the 
action of pure carbonated waters for a year ; muscovite appeared to be insoluble. 
T. Bi^ler-Chatelan found thjit 0*48 per cent, of potash was dissolved from 
muscovite by distilled water ; 1*05 .per cent, by peat water ; 1*02 per cent, 
by a soln. of calcium sulphate ; 1*55 per cent, by a soln. of ammonium 
sulphate; l*7(l per cent, by a soln. of calcium hydroxide; 2*21 per cent, 
by a soln. of calcium monophosphate ; and 1*85 per m\t. by a one per 
cent. soln. of citric acid, lb' also showed that the roots. of some plants can 
assimilate the potassium from white mica in soils. E. C. Sullivan observ(!d basic 
exchange occurs wlnm muscovite and biotite are treated with a soln. of cupric 
Sldphate. A. Johnstone found that biotite lost magnesia and iron wh(‘n treated 
with carbonic acid. F. W. Clarke, and G. Steiger observed distinct evidence of 
dissolution when micas are treated with an aq. soln. of carbon dioxide; and 
C. Matignon and G. Marchal examined the corrosive action of water on mica in the 
presence of carbon dioxide under 10 atm. press, for 3 years. E. Reymond studied 
the action of chlorine and of hydrogen chloride on biotite and lepidolite. T. Bieler- 
Chatolan found that cold cone, hydrochloric acid contained 2*90 per cent, of 
potash after it had been allowed to stand in contact with muscovite. M. U. Holl- 
rung, H. Lotz, and A. Breithau})t studied the action of hydrochloric acid on various 
types of biotite. F. Malt found that after a day’s digestion with hydrochloric acid, 
doubly refracting plates of silicic acid were formed ; and with 20 per cent, hydro- 
fluoric acid, all the silica was removed and tabular crystals containing aluminium, 
ferric, and magnesium lluorides remained. W. B. Schmidt found that sulphurous 
acid dissolved some magnesia mica. J. W. Mellor found that an hour’s treatment 
of fine- and coarse-grained mica of the respective average grain-size 0 087 and 0*040 
mm., with sulphuric acid decomposed respectively 54*94 and 55*56 per cent, of 
muscovite ; 67*94 and 70 02 per cent, of lepidolite ; 71*07 and 92*50 per cent, of 
biotito ; and 88*00 and 93*93 per cent, of phlogopite. H. Lotz studied the effect 
of air charged with sulphur dioxide on biotite and muscovite. C. and G. Friedel 
found that by treatment with aq. reagents— potassium silicate, SOdium hydroxide, 
sodium chloride, and sodium Slflphata— ^imscovite can be transformed into 
nephelite, sodalite, leucito, orthoclase,’ or anorthite. F. W. Clarke and G. Steiger 
studied the action of ammonium johloride on the magnesia micas. 

Muscovite under ordinary conditions is not readily affected by atm. influences ; 
witne^, the felspar of granite may bo completely kaolinized while the mica retains 
its pristine lustre. On the other hand, biotite, and phlogopite are readily trans- 
formed, the alkaline metals are replaced by hydrogen, and the })roducts are hydrated, 
thus forming more or less indefinite substances called vermiculites and chlorites. 
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The weathering of biotite and phlogopite has been studied by G. Tschennak, 
J. D. Dana, C. F. Rainnielaberg, G. A. Kenngott, E. Zschimmer, K. D. Glinka, 

F. Rinne, 0. Dreibrodt, H. Rosenbusch, J. R. Blum, W. Haidinger, 0. R. van Hise, 

G. W. Leighton, ete. 

Cr3r8tal8 of a mineral from the Pini mine, Aue, Schneeberg, were deacrilHHl by 

C. A. 8. Hofmann,** and M. H. Klaproth. It was named pimle by D. L. G. Karst-en. I’he 
alteration products of a numl^er of aluminosiiwateu correspond more or less closely in com* 
position to muscovite, andlhey have been grouped as pinikf. The pinites are considered 
to be a massive compact muscovite mixed v ith more or less clay, etc. Massive amorphous 
pinito with a compact texture is a part of the so-called agalmatolite — from ayaXfia, an 
image — from China. This name was applied by M. H. Klaproth ; “ and C. A. 0. Napione 
called it pagodUe — from pagoda. The Chinese car\’0 the soft stone into miniature pagodas, 
images, etc. Part of the Chinese agalmatolite is a compact pyrophyllite, and part is a 
steatite. L. J. tgelstrom found at Longban, Sweden, pseudortiorphs of a piniU> after 
iolite ; he named the mineral calanpiliie — from KuTaoTriAa^civ, to spot or stain — in allusion 
to its mode of occurrence. C. U. Shepard found a mineral which he named dyjfnyiUribiiH 
— from 8us, bad; and ovvTpl^o), to pulverize— at Diana, N.Y. T. S. Hunt mode some 
observations on the minerals. J. L. Smith and (J. J. Brush aiialyziHl the niinerol. 
Dyssyntribite reseinbletl the mineral gtmvIcUe, brought by Giesecke from Akulliardsuk 
and Kangerluarsuk, Greenland ; and named by T. Allan, who examined the crystals. It 
occurs associated with felspar. Observations on gieseekite were made by F. Stromeyor, 

D. W. Gilbert, C. C. von Leonhard. H. Kosenbusch, G. J. Brush, A. Breithaupt, F. Mohs, 

E. F. Glocker, C. H. Pfaff, J. H. Blum, C. G. C. Bischof, A. dos Cloizoaux, \V. Fhillii>s, 
etc. A. E. NordenskjOld reported a related mineral, which ho named gigmUohtc, from 
the size of the crystals. It occurred in the gneissoid granite of Tammola, Finland. 
It was discussed by \V. Haidinger, M. F. .Heddle, A. Wichmann, F. <1. VViik, 

F. Zirkel, J. C. G. de Marignoc, A. E. NonlenskjOld, J. K. Blum, and A. Laiiroix. 
Gigantohte is derived from cordierite and rosomblos the mineral ibcnte obtained by 
L. F. Svarilxirg from Montalvan, Spain. Observations on the mineral were made by 
J. B. Blum, \V. Haidinger, F. Zirkel, A. Wichmann, A. Lacroix, M F. Hetldle, F. .1. VViik, 
etc. A. F. 1’horeld described a mineral which was found m the talcoso schist at Kiinsatno, 
Finland. It was called gongylile^— from yoyyuAos, mund— and it is a kind of pinite 
A. E. NordenskjOld mode some observations on this mineral. H, Laspeyros described a 
pinito-liko substance m the felspar at Halle a. d. Soalo ; ho called it kydrophylUe -from 
vypos, moist ; tfiiXosj friend. F. Saiidborgor made some observations on a sample 
from Baden. F. A. Genth’s kerrite — named after H. L. Kerr — is a decomposition 
product of chlorite from Macon, Nortli Carolina. T. 'Phornson reported a pseudotnorph 
after spodumcno at Killony Bay, Ireland. Ho colled it killeniic. It has bwn doscribeii 
by H. P. Greg and W. G. Lettsorn, A. Julien, W. Galbraith, C. F. Hammelsberg, C. Dewey, 
etc. J C. G. de Marignac obtained a pinito-like substance in the porphyritic felspathio rock 
at Mt. Vicseiitt, Flcimsthel ; he called it licbent rde — after L. Liebener. Observations 
were made by \V Haidinger, J. Oellacher, G. A. Kenngott, C. von Hauer, A. des Cloizeaux, 
J. Lemberg, J. K. Blum, F. Zirkel, H. Kosenbusch, F. von Kichthofen, J. Hoinemann, etc. 
D. L. G. Karsten found an altereil nephelite in the syenite of Fredriksv&m and Laurvik ; 
it was called lythrodes — from Xvdpov, with blood and dust; and efSoj, appearance — and 
analyzed by J. F. John. J. F. L. Hausmann called itwemcrife. The nuiconite of F. A. Genth 
is regarded as a variety of joffersonite from Ma(!on® North Carolina, and, like herrite, it 
18 a decomposition product of chlorite. 'Pho viicardle of J. C. Froiosleben is a pinite found 
near Stolpen, Neustadt. A. Wichmann said that it is not a pseudomorph after iolite. Several 
dilTerent substances liave been called micarell or micarelle — K. Kirwan, W. Haidinger, 
J. R, Blum, J. F. Hausmann, H. D. A Ficinus, R. J. Haiiy, A. Estner, A. dos Cloizeaux. 
J. D. Dana, etc. A pinite-liko mineral was found by C. M. Marx in the OOs Valley, B^len, 
and named oosite. It was also described by 0. R. Blum, F. Sandberger, and W. Haidinger. 
A mineral resembling dyssyntribite was found by T. 8. Hunt in several parte of Canada ; 
he called it paraphite. Another mineral from Saxony resembling dyssyntribite was called 
pinitoid, by A. Knop. It was further discussed 1^ E. Cohen, C. W. von Gumbell, A. Hilger, 
and J. R. Blum. Reddish masses of a pmite-like substance occurring at 1'unaberg, Sweden, 
were called by L. F. Svanberg polyargite — from iroXvr, much ; hpySs, sparkle. The rnineral 
was investigated by L. Palmgren, A. dos (’loizeaux, and A. Erdmann. According to 
A. des Cloizeaux, the name pyrrhohte wa£l' applied ip a mineral very similar to fiolyargite, 
and from the same locality. L. F. Svanlierg aUb described a granular red mineral from 
Aker in Sbdennanland ; it was called rosnUe. G. Rose regarded it as an altered anorthite 
F. \V. Clarke gave it the formula H(M^)H), = Si04— Al=» 18i04«(A10H)H|,-f 2H,0 
The mineral named tererile by E. Emmons Is a pinite-Uke substance which has lioen likened 
to Bcapolite. T. 8. Hunt’s wiUfomte from Bathurst, Canada, was considered to be a variety 
of gieseekite ; but E. J. Chapman found it closely resembled scapolite. Several alteration 
products of biotite are indicated connection with the varieties of biotite. 

The uses of mica.—H. A. Miera 21 described the use of fuschsite as a decorative 
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stone by the ancients ; and M. Bauer, its use in making prehistoric implements in 
Guatemala. The most important use of mica is in the electrical industry as an 
insulator. It is one of the best of insulators because of its resistance to puncture, 
pre-resisting qualities,, impermeability to moisture, toughness, elasticity, and 
flexibility ; and its cleavage into thin sheets. It is largely used for insulating the 
segments of commutators, armature wires and bars, etc. Scrap mica is made into 
sheets, plates, and boards by means of a (Suitable bonding agent— say, shellac— and 
under the commercial name micanite.iB used for malting washers, etc., for insulating 
lamp-sockets, fuse-blocks, cut-out boxes, etc. Sheet mica is used for lanterns and 
windows where glass docs not withstand the shocks and vibrations ; for spectacles 
to protect the eyes of metal and stone workers from chips, etc. It is also used in 
place of glass where abrupt changes of temp, would be liable to crack glass— e.^f. 
fire-screens, stove windows, lamp-chimneys, and some miners’ lamps. Special 
sparking plugs for aeroplanes, etc., are built up from sheet mica. It is employed 
as a heat insulator in the lagging of steam-pipes, boilers, etc. It is used as a sound- 
ing-diaphragm in telephones, gramophones, etc. It is used as an absorbent for 
nitroglycerol ; and as a heavy lubric*ant. Mica is used in making wall-paper pig- 
ments ; and various ornamental pnr[)oses- a mixture' of gum arabic and ground 
white mica makes the so-called silver ink ; and it is employed for inlaying buttons, 
in yiaking lustrous hair-powder, and in making the bronze-like colours which bear 
the name brocades, crystal colours, mica-bronzes, etc. ; and in making frosted effects 
in decoration. 

K. C. Fielder 22 described a mineral from the Urals as a chlorite spar, from its 
resemblance to chlorit(^ ; G. Rose, and A. Breithaupt called it chloritoid ; 

E. F. Glocker, barytophylUte—ivom fiafnk, heavy ; and a leaf ; 0. T. Jackson 

applied the term masondc in honour of 0. Mason — to a dark greyish-green mineral 
from Rhode Island, which M. R. Whitney, and G. A.Kenngott proved to be identical 
with chloritoid. A. E. Delessc named a mineral from St. Marcel, Zcirmatt, and 
Piedmont sismondine -in honour of A. Sismonda and hence called sismondite. 
A. Brezina reported a mineral from St. Marcel which he called struverite — named in 
honour of G. Striiver. G. Tschermak showed that striiverito and sismondite are 
identical ; J. F. L. Hausmann, that sismondite is closely related to chloritoid ; and 

F. von Kobell, that sismondite, masonite, and chloritoid are the same mineral 
species. T. Thomson described a mineral trom Sterling, Mass., and called it phyllite; 
it had previously been called spangled mica slate by E. Hitchcock. A similar 
mineral from Newport, Rhode Lslaiid, was called newportite by C. U. Shepard. 
In 1821, C. C. von Leonhard mentioned a mineral brought from Ottrez, Ardennes ; 
it was described by A. des Cloizeaux and A. Damour, and named ottrehte. This 
mineral was mentioned by R* ,i. Haiiy. The resemblances between phyllite, 
ottrelite, and chloritoid were emphasized by T. S. Hunt, J. D. Dana, A. des Cloi 
zoaiix, G. Tschermak, and A. Lacroix. A manganiferous variety was called 
salmite by E. Prost ; a variety from Venasque, Pyrenees, was called venasquite, 
by A. Damour; and a variety from Schmalenberg was called hrunsvigite, by 
J. Fromme. 

Attempts to devise formiili© from chemical analyses were made by 
C. P. Rammelsberg. C. Klement gave H2(Fe,Mn,Mg)(Al,Fe)2Si20Q ; and P. Groth 
gave H 2 (Fe,Mg)Al 2 Si 07 for chloritoid', and H 2 (Fe,Mn)(Al,Fe) 2 Si 209 for ottrelite. 
The subject was discussed by E. Manasae, and P. Niggli. G. Tschermak regarded 
the minerals as isomorphous mixtures of two silicates. F. W. Clarke co-relates 
the constitution of chloritoid to xaiftkophyllitc and seybertite through the formulj® : 


A1 


Si 04 ~Hg{Al( 0 H)a 
. SiOi^HCAlOH) 
^Si 04 =(AI 0 aFe)j 
Chloritoid. 


/Si,0»-H,|A1(0H)2 

AI(SU08=H(A10H) 

^Si,0g=(A102Fe)3 

ottrelite. 


This makes idealized chloritoid a ferrous pentaluminoxy-alummotriortho- 
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silicate, and idealized ottrelitc a Ibtroos pentalaminoxywUummotrimeso^ 

The manganese oxide in ottrelite varies from 0-9 per cent. The colour of these 
minerals is dark grey, or greenish-black. The crystals^of chloritoid occur in rosettes, 
or foliated masses. The tabular cr)^stals of chloritoid rarely occur distinct ; they 
are either monoclinic or triclinic ; they have been 'investigated by G. Tschermak, 
F. Becke, H. von FouUon, A. Barrois, and A. des Cloizeaux. Ottrelite also furnishes 
either monoclinic or triclinic crystals, whicii have been studied by A. des Cloizeaux, 
A. Renard and C. L. J. X. de la Vallee-Poussin, H. Ro.senbusch, and A. Lacroix. 
The basal cleavage is less perfect than is the case with the micas ; the lamina‘ are 
brittle. Twinning is as common as with the micas ; the crystals are oriented as 
though rotated 120*^ to one another. A zonal structure is sometimes developed ; and 
inclusions are common. The ojitic axial angle of chloritoid is 2 r accord- 

ing to A. Barrois, and 2£— Gb^'-TO^ according to A. von Lasaiilx, A. des Cloizeaux 
found for differeni samples of sismondite, 2H 64'’ 31' 74" (V for red glass, and 
57 "-65" 38' for green glass ; and 2£'~-lU" 50' 48' ior red glass, and 103‘ 40'- 
108" 44' for green glass. The values for ottrelite vary eoiisiderably from sample 
to sample. The sp. gr. is 3‘53-3'55 ; and the hardness 5-6. H. Rosenbuscli found 
the index of refraction is high, about 1-78— A. Lacroix gave 1’78 ; A. C. Lane, 1’75 ; 
and A. Duparc and L. Mrazec, 177. The birefringence is feeble. A. Lacroix gave 
y— a— 0‘Olb. Chloritoid and ottrelite are optically positive. W. W. Coblentz 
found chloritoid to be rather opaque to the ultra-red rays : in the ultra-red trans- 
mission spectrum the water-bands I bfiand 3/i, are absent ; while there are small 
bands at 2 3/i, 2 6jLL, 3 3/x,5/x,6/i, and 6'3 /a. The pleochroism of chloritoid is strong, 
a_-y(>llowish green ; h, indigo-lilue ; c, olive-green. The pleochroism of ottrelite, 
said A. des Cloizeaux, is not so marked as with chloritoid. Finely powdered 
chloritoid is decompost'd by sulphuric, nitric, and hydrochloric acids with the 
separation of gelatinous silica. 

Tlic term chlorite is a family name for a group of minerals closely related to the 
micas ; they are mure basic and more hydrated than the micas, and virtually free 
from alkalies. If alkali('s are pnwnt, the chlorite is assumed to be mixeil with 
some mica. The nanii' from green emjdiasizes the green colour so common 

with those mmerals. Pliny, in his fiistorla uuturahs (37. 56), refers to the grass- 
green cMorilus. A. G. Werner-^ a[>]>lied the term hkiUrujci chlorite, or chlmitcs 
limllosus, to a hexagonal mineral from St. Gothard. D. L. G. Karsten, L. A.Kmmer- 
ling, and A. Kstner describe^] several ditferent kinds of lamellar chlorites. The 
minerals were analyzed by J. G. A. Hopfner, L, N, Vauqiielin, and W. A. Lampadius. 
The minerals were regarded by R. J. Haiiy, (!. C. von Leoiihard, and A. Cronstedt 
as varietcs de Vespar talc ; but F. von Kobell showed that chlorite contains too much 
water for a talc. He further found that the chlorites then known were varieties of 
two species— one, chlorite, contained 25-27 per cent, of silica, and was typified by 
that from St. Gothard ; and the other, ripuMite—tvom /httA', a fan ; and a 
stone, in allusion to its occurrence in fan-like aggregat<*s— contained 30-33 per 
cent, of silica, and was typified by that from Acbmatovsk. G. Rose unfortunately 
reversed these terms, and introduced some confusion in the nomemdature. 
J. D. Dana suggested keeping the term chlorite for the whole family ; calling the 
original chlorite prochlonte from Ixdore ; dropping the equivocal term ripi- 
dolite, and using clinochlore in its place - kAo'c?!/, to inclinc-r-in allusion to the uneijual 
inclination of two of the optic axes to the principal axis. The latter term liad 
been applied by W. P. Blake to a chlor^itic mineral from Westchester, Penn., which 
W. J, Craw proved to be identical with the chlprRe from Acbmatovsk. This subject 
was discussed by N, von Kokscharoll, and F. Hessenberg. J. Orcel proposed to 
call the ferruginous prochlorites ripodoliten when the ratio MgO : FeO is 3 or less, 
and the birefringence is O’OOOl-O'OOb ; and the magnesian prochlorites 
when the ratio MgO : FeO is about 10, and the birefringence is about O'Ol. 

The chlorites are hydrated magnesium or ferrous aluminosilicates or ferrisilicatos. 
They resemble the micas crystaUographically, and in their scaly or foliated habit. 
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Each member of the series exhibits some variafion in composition. Hence, like 
the forromagnesian micas, they are often regarded as isomorphous mixtures. In 
his memoir : Die ChloriUjruppe (Wien, 1891), G. Tschermak called those chlorites 
which ordinarily occur in distinct crystals or plates, orthochlorites; and those 
which commonly occur in fine* scales, or indistinctly fibrous forms, leptochlorites. 
According to K. Dalmer, the orthochlorites lose part of their water at 550°-570°, 
and part at bright redness ; while the Jeptochlorites lose part at 440°-500°, and 
part at r)80°-600°. Hence he argued that the intrinsic nature of the two series is 
different. The following lists include most of the ^lorites which have received a 
name ; but too much reliance must not be placed on the classification since too 
little is known about some of them. A list of unclassed chlorites is also appended. 
The summaries of the analyses represented by the formulae are mainly due to 
G. Tschermak. 

Orthochlorites. — The ordinary variety of clinochlore, H 8 (Mg,Fe) 5 Al 2 Si 30 i 8 , is green 
or bluish-green, and it occurs in crystals, massive and foliat^. Analyses were made by 
G. Tschermak,** V. Iskyul, and others. V. Iskynl examined the action of hydrochloric 
acid on the mineral. A. Hamberg obtained a sample from Pajsberg, Sweden, with 2'3 per 
cent, of MnO ; he called it manganochlorite. J\ von Jeffreinoff *® named a variety of clino- 
chlore from Zlatoust, Ural, leuchtenhergit^ — after N. von Leuchtenberg — which may be white, 
pale-green, or yellowish. Analyses were made by N. von Leuchtenberg, etc. The crystals 
were examined by O. A. Kenngott, F. C. Calkins, F. V. Shannon, and A. des Cloizeaux. 
V. Iskyul examined the aistion of hydrochloric acid on the mineral. N. von Kokscharoff 
named a variety ot clmochlore from Ufaleisk, Ural, kotschuhelte — after P. A. von Kochubei. 
Analyses wore made by N. von Leuchtenberg, etc. A chlorite from the Pennine Alps 
was called pennine—^ennmite — by J. Frbbol and E. Schwoizor.*® L. A. Neeker called it 
hydrotalc. The crystals wore described by J. C. G. de Marignac ; the effect of temp, on 
tlio pleochroism, by 0. Nagaoka; and the action of hydrochloric acid, by V. Iskyul. 
Analyses were made by G. Tschermak, etc. A reddish chromiferous variety of penninite 
occurring near Miask, Ural, was called by N. von Nordonskjold,** kamrnererite — after 
A. Karnmeror. Analyses wore made by K. Hermann, etc. F. Tucan represented the 
composition by (Cr.AljijSiiOjjMg^Hio. A variety obtained by K. G. Fiedler, from Tenos, 
Gnioco, and by G. Rose from the Ural, was called rhodochrome — from goSor, rose ; and 
XP^yn, colour. V. Iskyul found it to be related to the motasilicatos. A variety from 
Texas, etc., was called chromochlorite by R. Hermann, and rhodophyllite — from p6bov, 
rose; and </uAAov, a loaf — by F. A. Genth. E. V. Shannon also described a chroin- 
iferous chlorite. F. Poarse foimd a green variety of kammererito at Texas which he 
named grastite — from ypaan.^, grass. H. Vogelsang jiroposod the general term viridite 
for all the intermediate green compounds of secondary origin observed in rocks, and 
it may include different chlorites and serpentine. The viriditos were diseassed by 
E. Uathe, and H. Hosonbusch, G. A. Kenngott described a compact massive form of 
penninite from Berg Zdjar, Moravia, which ho named pucudoptte — (//cuSo?, false ; ophite, 
seri^entine — on accoimt of its re.sem bianco to .serpentine. Analyses wore made by 
G. A. Kenngott, L. van Werweke, H. Stadlinger, R. von Drasche, W. E. Gintl, E. Cohen, 
etc. Analogous substances were described by V. Wartha, and V. von Zepharovich, 
T. S. Hunt’s loganUe is very like pseuuopite. A. G. Werner described a blue talc or rrnca 
chlorite which was shown by T. Scheerer to be a bluwh-groon or green penninite like that 
he obtained from Taberg, Sweden, and called taJicrgitc. A. des Cloizeaux studied the 
crystals, and G. Tschermak analyzed the ininerol which he regarded os a mixture of 
phlogopite and clinochlore. V. Iskyul studied the action of hydrochloric acid on the 
mineral. 

The prochlorUe, H43(Fe,Mg)j3Ali4Sii,0,5, of J. D. Dana,®* and the chlorite of earlier 
observers was analyzed by A. J. Egger, etc. V. Iskyul studied the action of hydrochloric 
acid on proohlorite. G. H. 0. Volger®® described a prochlorite in slender vermiform 
crystals, hence the name helminthe — from a worm. M. Websky found crystals 

of a mineral which he called grochauite in cavities in the serpentme of Grochau, Silesia. * It 
was studied by M. Bock ; and shown by G. Tschermak to be prochlorite. C. U. Shepard’s 
lepidochlorite — from ActtIs, a scale — is an impure chlorite from Mount Pisgali, Tennessee. 
A. Breithaupt’s lophoite — from X6(f>os, a cook’s »bomb — a name applied in allusion to the 
form of tlio (frystal aggregates, is considered to bo a chlorite ; a similar remark applies 
to his onkoite or angofte— from 6y#c<ia», swollen. G. W. von Gurabol’s phyUochlorite is a 
ferruginous chlorite. Both kerrite, and maconite previously cited are sometimes classed 
with these chlorites. I. Lea described under the name pattersonite a micaceous chlorite 
from Unionville, Pennsylvania, which was analyzed by S. P. Sharpies and F. A, Genth. 
According to M. F. Heddle, the talc-chlorite of J. C. Q. de Marignac is a mixture of clinochlore 
and talc. The crystals were examined by A. des Cloizeaux. 

E. V. Shannon and E. T. Wherry •* class coleramite and aheridanite as white chlgritea. 
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The former was reported by E. M. Pditevin and B. P. D. Graham in minute hexagonal crystals 
with the composition 4M^.Al,0,.2Si0t.5Ut0 ; the sp. gr. was 2'44-2’51 ; the hardness, 
21-3; the optical character was positive; and tlie refractive index P56, It occurs in tlie 
asbestos mines of Quebec. Sheridanite was found by J . E. W olff in Sheridan Co., Wyoming, 
as a pale silvery -green talc-like mineral with a composition H,Mg|Al|SitOi|. Very little 
water is expelled at 360^ The refractive indices are o=l‘68d; i3«=l -680-l-68l ; and 
y = 1 *589 ; the optical axial angle 2 A’ = 2G°-60® ; and the optical character is positive, The 
mineral Is slowly decomposed by boiling sulphuric acid, and with difficulty by hydrochloric 
acid. • 

C. U. Shepard** applield the term cortindophilUe, H,o(Mg,Fe),,Al^Si,04, — from 
tt friend— to a clilorite occurring in the corundum of Asheville, North Carolina. J. 1’. Cooke 
showed it to be a variety of clinochlore. It was aualyze<l by F. Pisani, and E. V. Shannon. 
V. Iskyul studied the action of hydrochloric acid on the mineral. C. U. Shepard found a 
chlorite in the diaspore at Chester, Mass., wliich he called amwt/f. It was analyzed by 

E. V. Shannon, F. Pisani, G. Ponte, and G. Tschemiak ; and show-n by G. A. Kenn- 
gott to be a chlorite. G. Tschermak represented ite com]);).sition by tlie formula : 
H4(Mg,Fe)jAljSiO, ; E. V. Shannon, by 2(Fe,Mg)O.Al./)j.SiOi2H^(). The optical pro- 
I)ertie8 were studied by E. V. Shannon 

Leptochlorites. — G. Tschormak •• found lamellar crystals of a chlorito associateil with 
the arsenical pyrites and quartz of Penzance, Cornwall. He calletl it daphnUe, 
HjjFejTAljoSiigO,!! — from the bay-berry — in allusion to the aggregation of the 

crystals. The crystals are probably inonoclinic. E. Gueymard refern^ to mine de fer 
oxydi en gratm agglntiix^s, and P. llorthier to utK mmcrai de fer grains, which ho named 
rhamoisite from the locality, Chomoson, Switzerland, whem it occurred. 11. Studer altereil 
the name to cknmosile. P. Berthior foimd that the iron ore at Hayonges, Moselle, con- 
tained calcium and ferrous carbonates and a silicate. The silicate was named herthierine 
by 1?', S. Beudant. J. J. N. Huot called the oolitu; chlorites describoil by 10. lo Pouillon 
de Boblaye, haralde,, or barahte ; and P. A. Dufr^noy proposed to designate all these related 
substances by the term chamoHite. Analyse-s, etc., wore made by E. Borieky, H. Loretz, 
C. Schmidt, J. Orcol, etc. Those minerals were supposed to be mixed hydrogels of alumina, 
silica, and ferric oxide,** together with some impurities. G. Tschermak •• describeii aggre- 
gates of lamellar crystals from Elbingerodo, Har/, which he named meiaehkmte. Similar 
crystals had boon previously noted by C. List, and G. Sillem. C, Klement described a 
chlorite from Violsalm, Belgium, which G. Tschermak named klemerUUe. A. von Lowaulx *" 
reported a blue earthy mineral from the PyreneoH whiidi lie called aeriniie. its sp. gr. was 
3 01 8, and hardness 3-4. A. dosCloizeaux showed it to be heterogeneous and not to bo re- 
ganled as a definite mineral. Analyses were mode by (J. F. Bammelsberg, J. Moepherson, and 
J. Orccl 'ITio last-named studied a mineral ho also called aerinito from I'osserras, Aragon ; 
its composition was i r)(fa0.(Fe,Mg)0.2(AI,Fe)j03.CSi02.7H40-f 3H.^() ; and he n^gardod 
it as anew typo of Icptochlorite. A. Broithaupt “ described a compact aggregate of minute 
scales of a chlorite trom Saafeld, Thuringia, which honainexithuringde, Hi^FeglAbFol^SijO^j, 
and apparently the .same mineral from Harper’s Ferry, Virginia, was named by 

F. A. Gonth oi/cHdc -after 1). i). Owen. Analyses were report by G. Tschermak, 

L. Slavikova and F. Slavik, J. L. Smith, 1\ Keyser. V. von Zepharovitcb, S. L. Penliold 
and F. L. Sperry, H. liorotz, E. S Larson and G. Steiger, etc. The last-named found for 
the indices of refraction a==l'695, and y=l-66. (f. Simmonds found that the 

reduction of thuringito is complete when heated to redness in hydrogen. F. Kretschmer *• 
obtained a chloritic mineral, resornbling tbunngite, fnan Gobitschau, Moravia, and he called 
it moravUe. Its composition approximated li4Ko3\Al,Ko)4Si7()2 4. Its sp. gr. was 2 38, 
and hardness 3T). Jt was decompo.seil by hydrochloric acid with the separation of 
gelatinous silica. Acconling to L. Slavikova and F. Slavik, the refractive index is 1’615. 
J. Steinman *’ descriljed a chloritic mineral from Pribram, Bohemia, which was named 
cronstedldr,, HjfFe.MgljFejSijG,, — after A. Cronstodt. Crystals were examined by 
V. von Zepharoviteb, N. S. Maskelyne, G. I’schennak, and A. des Cloizeaux ; and analyses 
were made by J. Steinman, A. Damour, C. W. Hoadloy, R. K6cblin, J. V. Janovsky, 

G. Tschermak, (.). Vrba, F, Field, N. S. Maskelyne, etc. C. Simmonds found reduction is 

complete when the mineral is heated to redness in hydrogen. A, Broithaupt called a specimen 
chloromelane. The variety from Conghonas do Campo, Brazil, was called sideroHohisolite 
by F. Wemekinck — from olbrjpo^, iron ; to split ; and Xldos, a stone. Analyses 

were made by J. F. L. Hausmann, and V. von Zopliarovich. J. F. L. Hausraann showed 
that it is a variety of cronstedtite. 

A chloritic mineral from Eura, Finland, was ^led euralile by F. J. Wiik,** and he 
suggested that it is related to delossite. E. Brtikor,** and M. Websky found a cliloritic 
mineral occurring as a coating in druses or cavities in the granite near Striogau, Silesia, and 
it was named striegovUe, H4{Fe,Mn),(Fo,Al)jSi,Oji. K. T. Liebe *• applied the term 
diabantachronnyn — from xpa»vw/jai, to colour — to a chloritic mineral occurring in the 
diabase of Voigtland and Frankenwand, and to which it imparts a green colour. 
O. A. Kenngott showed that the mineral is a clilorite. G. W. Hawes found a sample at 
Farmington Hills, Connecticut, , and he called it diahantite, H,4(Mg,Fe),,Al48i*044. 
F. Sandberger found dark olive-green scaly crystals of a soft ferruginous chlorite in a 
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At Wmlburg, Nassaa The mineral was called ajPimiderite, H io(Fe»Mg) ^148140 
frem i4p6st foam ; and athipos, iron. The crystals were examined by G. A. Kenngott, 
H. Fischer, V. von Zepharovioh, F. Slavik and V. Veaely, and E. A. Reuss. Analyses 
Were made by F. Sandberger, Nies, M. Websky, G. Woitsohache, L. Erlenmeyer, 
L. J. IgelstrOm, etc. A. E. Delesse ** found a fibrous chlorite with a scaly feathery 
texture as a coating or filling cavities of the porphyry at La Gr6ve in the Vosges ; he 
called it chlorite ferrugimuse or iron-chloriie, and C. F. Neumann called it deleasUe^ 
Hi(,(Mg,Fe)4Al 481402 3— after A. E. Delesse. E. Weiss used the name delessite for the 
varieties — e.g. the La Gr^ve chlorite — containing more ferric oxide and less ferrous oxide, 
and subdelessUe for those — e.g. the Friedrichroda chlorite— Kjontaining more ferrous oxide 
and less ferric oxide. Analyses of delessite were made by* A. E. Delesse, N. I. Bezborodko, 
E. Weiss, and M. F. Heddle, C. W. von Giimbel called daa grhn fdrbmde Princip dcr 
Diabase of Fichtolgebirge rhbropUe, It was considered to be a variety of delessite or 
diabantite. P. A. Dufr6noy regarded the chloritic mineral of A. E. Delesse, named 
dumaaile, as a variety of delessite. A. Schrauf designated the group of delessitic minerals, 
protochlorites, G. Firtscll named a basic aluminium and magnesium silicate from St. 
Michael, Styria, rnmpfUe, H2,MgjAli4Sijo046 — in honour of J. Rurapf. It is a chlorite rich 
in iron. Analyses wore made by K. A. R^Iich. G. Tschermak regards it as a relation of 
leuchtenbergite. 'J'he minerals epiphanite, lennilite, and vaalUe, alteration products of 
biotite, are considered by G. Tschermak to lie chlorites. A. Schrauf groups them as 
parachlorites. 

Unciassed chlorites. — There are a few chlorites which were not classed by G. Tschermak. 
C F. Rarnmelsborg and C. Zincken found a chlorite m the serpentine at Harzborg which 
thoy named epichlorite. A sample from Voigtland was analyzed by K. T. Liebe. A 
chloritic mineral from Grangesborg, Sweden, was called grangcsiie by W. Hisinger.*^ The 
name is sometimes spelt grengesxte. It was described by G. Suckow, A. Erdmann, 
A. Lacroix, and H. Hoymann. E. T. Hardman found a black chlorite in cavities in the 
basalt of Carnmoncy Hill, Belfast, and he called it huUite. M. F. Heddle found a similar 
mineral in the basalt of Kinkell, Fifeshire. H. Wurtz described a black chloritic mineral 
from a quarry near Charlestown, Mass. He called it mdanohte — from /xeAav, black ; and 
A/^os, a stone. E. F. G locker described a chloritic mineral from various parts of Silesia 
which was called «h/pnow(da«e--from ortAwoj, shining ; and /i«Aoy, black. The colour 
is black, greenish-black, yellowi.sh-bronzo, or greenish-bronze. C. U. Shepard called 
a yellowish variety chalcodite — from brass or bronze. Stilpnomelane and chal- 

codito have been described by H. Fisclier, F. Sandberger, F. Koemor, V. von Zepharovioh, 
J. W. Mallet, G. Gurieh, W. C. Brbgger, etc. Analyses were made by C, F. Rammelsberg, 

E. V. Shannon, A. I’. Hallimond, IC. Sarkany, L. J. Igelstriim, G. J. Brush, and F. A. Gonth. 

F. F, Grout and G. A. Thiel gave for the sp gr. 2 882; and for the indices of refraction 
of stilpnoinolane a— i r)4(), y -1815, They found the optic axial angle 2F was very 
small; A. F. llallimoud found for the sp. gr. 2*8.'); hardness 3 to 31; w — 1 085, 
and ( -1’605; and a negative optical cliarucler. He gave for the composition 
Kj().3(UgOa,HO)OSiOj4-tiT Accortling to C. Simmonds, reduction is complete when 
stflpnomelano is iioated to redness in hydrogen. 

Some chloritic minerals have not been sulliciently investigated to decide if they really 
are chlorites. Tims, A. E. Reuse’ earthy minerHl *** resembling glauconite, from Pribram, 
Bohemia, which was nameii /iV/ife— named after M. von Lill— and examined by F. Babanek, 
J. A. Krennor, 0. F. Rammelsberg, and A. H. Church. G. A. Koenig’s /gidyi/e— named 
after J. Leidy — wa.s considered to be a zeolite ; P. Groth classed it with the chlorites. The 
green chnjsopras earth of M. H. Jviaprotli was named srhuchardtile by A. Schrauf. 
D. L. G. Karsten called it pime.lUc — from Tn/xcAif, fatness. It was examined by G. Starkl, 
and W. Baer. L. J. IgelstrPrn described a foliated green to black chloritic mineral from 
Grythytte, Sweden, which he called ekmanitc—altor G. Ekman. H. Hamberg, and J. Jakob 
investigated the optical properties of ekmanite. F. Zambonini represented it as a Jerrous 
manganese IrimdaaiUcate, 4R0.3Si0.,.3H A>. E. E. Schmid described a pale green mineral 
from cavities in the porphyritic rocks of Hollekopf, etc. It was called steatargillite. Its 
nature is doubtful. T. Thomson described a blue mineral from Baltimore, and called it 
hallimoTite. It was examined by G. von Hauer, and R. Hermann. A leek-green soft 
clilorite from Kilpatrick Hills was called prasilite — from irpdaios, leek -green— by T. Thom- 
son. An alteration product of serpontme from Krems, Bohemia, was described by 
A. Schrauf as herlamle. A chlorite occurring in small balls of irregularly arranged fibres 
wsfl called tolgpiU by A. Uhleinunn. G. Flink obtained a chloritic mineral from Narsaaak, 
Greenlantl, wliich he called s])odbphylli*€ ; and A‘. Mallard, one from Noyant, France, which 
he called bravaisite. J. Sainojlotf found h lamellar variety of what looked like chlorite but 
whose chemical composition more iioarly resembled clay or pyrophyllite. He called it 
a’Chloritite. A. Lacroix obtained a chlorite from Segr6, Maine-et-Loire, which he called 
minguetUet and which has a composition intermediate between lepidomelane and 
stilpnomelane. 

The constitution of the chloritesu—C. F. Rammelsberg calculated a number of 
best representative formulse from the analyses of vaVious chlorites. The main diffi- 
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oulties associated with work of tMs kind are due to the heterogeneous nature of the 
assumed mineral species ; to the fact that some are isomorphous mixtures ; and 
to the uncertainty as to the intrinsic or extrinsic nature of the water of hydration. 
Systems of formulation can therefore be easily carried beypnd the range of known 
facts. The orthochloritcs were supposed by G. Tschermak to be isomorphous 
mixtures of different proportions of a magnesium silicate, H4MgsSi209, having the 
same composition as serpentine, and magnesium aluminosilicate, H4Mg2Al2Si09, 
which is represented by &mesite. In order to explain the composition of the lepto- 
chlorites, G. Tschermak founcf it necessary to invent two other fundamental mols, 
H4Mg2Al2Si20ii, represented by strigovite, and H2MgAl2Si07, represented by 
choritoid. By working in this manner, it would be possible to represent the com- 
position of any aluminosibcate. Accordingly, the coincidence of calculat('d and 
observed results does not impart much confidence in the truth of the hypothesis ; 
and the question might legitimately be raised whether the chlorites are of any interest 
to the cheitiist, however interesting they may be to the mineralogist. If serpentine 
be a component of the chlorites, and if serpentine on calcination breaks up into 
water, olivine, and enstatite (insoluble in acids), it follows that the calcination 
of the magnesian chlorites should furnish^ about 18 per cent, of enstatite. 
F. W. Clarke, and C. Doelter and E. Dittler found that actually no enstatite is 
formed ; instead spinel is produced in quantities proportional to the exce.ss of o.vygon 
above that calculated for an ortliosilicate. This, regarded as an experimentum 
crucis, makes it highly probable that serpentine mols. are not present in the 
chlorites, and, as F. W. Clarke puts it, G. Tschermak’s hypothesis breaks down. 
V. Iskyul said that the existing theories as to the nature of the chlorilea are 
based on too Httle experimental observations. 

F. W. Clarke and E. A. Schneider based some formulae representing the con- 
stitution of the chlorites on the action of hydrogen chloride on these silicatea. 
R. Brauns, however, argued that the action was dependent on the degree of humidity 
of the gas employed, and he and A. Lindner questioned whether evidence on the 
constitution of the chlorites can be founded on these experiments. R. Brauns, 
V. Goldschmidt, P. Groth, and W. and I). Asch base formulae for the chlorites on the 
assumption that the chlorites are isomorphous mixtures of idealized types or 
hypothetical components. P. Erculi-sse considered the chlorites to bo solid soln, 
of the micas and spinel. B. Gossner represents cUnochlore by 



and by n^placements between Si02 and AIO(OH), and between AlU(Oil) and 
Mg(Oil)2 he accounted for the composition of alj.the members of the chlorite family. 
W. Vernadsky, and V. Iskyul considered the chlorites to be salts of, or complex 
compounds with, the acids Al2Si2 4 r«07+2w-n(OH)2n. The composition of the 
chlorites has been discussed by E. S. von Fedoroff. In his later work, F. W. Clarke 
represented the chlorites as orthosilicates, or trisilicates which formed a series of 
idealized compounds parallel with those which he employed for tlni micas, and 
in which basic groups bke MgOH', FeOIl', AlOH", AlfOHjg', FofOlljg', and 
Fo(OH)" appear. Thus, he based formulae for the chlorites on three types : 

I. The hiolilic chlorites are built on the biotite-chlorite ty[>e and arc illustrated 
by his formulae for nirapfite, cronstedtite, and melanolite. 


Ulotite-chlorite. 


Fe^i 04 -Al< 


Si 04 S(Fe 0 H),lFe( 0 H),| 

Si04=(FeOH),lFo(OH),i 


Cronstedtite. 


Rraii). 

Ruropflto. 


Fe^iO,-Al< 


Si 04 =(FeOH)H* 

8 i 04 ^Fe 0 H)H, 


Melanolite. 


II. The phlogopitic chlorites* built on the phlogopite-chlorite type. The 
VOL. VI. 2 8 
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composition of an average peimifce agrees within isomorphous mi 
biotitic and phlogopitic chlorites in the proportion 1 : 1 and cli?^ a? of the 
leuchtenbergite, “ . ’ "“’'■“'ore aad 


SiO,^MgOHI,H> 

AlrSiOt^MgOH).U 

'SiO,=(MgOHjfi 

Pblogopite-chlorlk. 


Al(SiO,mMgOHkH 

Deftssite, 


^\^‘Oi=(FeOHjfi 

SiO^=(AIOH}H 

, Brunavigite. 


with the ratio 2 : 3 with one A1 of the biotitic foftnula replaced by 3A10. The 
formula? given by F. W. Clarke for brunsvigite, delessite, prochlorite, grochauite 
metachlorite, stilpnomclane, ekmannite, and corundophilite may be cited, hi 
corundophilite the six R-atonis are made up from four Mg-atoms and two Fe"- 
atoms. 


ySiO^=,(MgOH),H 

AJ^JiO^^iFeOHyi 

SiO,..(Al()H)lAl(OH2); 

ProchloTitc. 

Al(-SiO.~(FeOH), 

\iOt (FcOHI, 

EkrnaniiUo. 


Al, SiO.=(MgOH), 
'SiO,;5(AJOH);AI(OH) 
GrocliauJn*. 
,SiO,:3fKOH), 

Ar SiO,=(KOH)3 
■SiO,={AI(OHl,l, 
Corundophilite. 


^SiOt=(FeOH)s 

A]'SiOt~(FcOH)^U 

^Si03=|Al(0H3|H 

MetaclitoWtc. 

.Sifi^(FeOH)fl 

AlrSi303=(Fc0H)jH 

^Si30,=(Fe0H)3H 

StllpnomeJane. 


Stilpnomelane has the chlorite formula, but is a trisilicate instead of an 
orthosilicatc. The composition of diabantite and thuringite can be imitated by 
assuming they are binary mixtures ; and epichJorite, a mixture of stilpnomelane 
and the orthosilicate, AI(Si04)3(Mg0H)6H3. 

III. The margaritk chlorites are illustrated by strigovite, aphrosiderite, daphnite, 
and sheridanite. 


A1(()H)< 


Si()4~(FeOH)3 

SiO^-Fe 


strigovite. 


Al(()H) 


, SiO,:=(FcOH)3 
'Si04s(AI0H)H 
Daphnite. 


AHUM) 

Aphrosiderite. 


Al(OH)< 


Si04::::-,(Mg0H) 

Si04~(A10H)H 


Sheridanite. 


The hydrated character of the chlorito.s shows that they are not formed 
pyrogenetically. Tln'y an; always of secondary origin, and almost all the ferro- 
magnesian aluminosilicates may yield chlorites by hydrolytic reactions. G. hViedel 
and F. Grandjean made chlorites artificially by the action of alkaline soln. on 
pyroxenes at 550‘^-570‘". 

The colour of the members of the chlorite group includes various shades of 
green, rarely brown ; some are coloured violet, rose-red, and pink, particularly if 
chromium is present. Clinochlore occurs in tabular crystals flattened ])arallel to 
(001), and with a hexagonal outline ; the crystals are sometimes prismatic. The 
crystals are monocbnic, and, according to G. Tschermak,^® and N. von Kokscharoff, 
the axial ratios of crystals of clinochlore are a\h: c^O'57735 : 1 : 2 2771, and 
j8=89® 40'. Clinochlore also occurs scaly, granular, or earthy. Penninite is trigonal 
in habit, but, as G. Tschermak, and E. Mallard have shown, the crystals are pseudo- 
trigonal, and belong to the monoclinic system with axial ratios like those of clino- 
chlore. According to J. P. Cooka^ the axi&l ratio of the pseudotrigonal crystals is 
o : c- 1 : 3’4951. Penninite also occurs in scaly or compact cryptocrystalline 
masses. The crystals are thick and tabular rhombohedra, and also tapering six- 
sided pyramids; the X-radiogram was studied by H. Haga and F. M. Jager. 
Prochlorite occurs in monoclinic six-sided plates or prisms with the planes strongly 
furrowed. The crystals are often joined at their sides, and occur in fan-shaped, 
vermicular, or spheroidal groups. They also occur in foliated or granular masses. 
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ipwophilite occurs iu monoclinic 6-8ided or 12-sided plates or prisms. The 
of the orthochlorites were studied by G. Tschermak, E. Mallard, A. Schraiif, 
Naumann, P. Groth, A. dca Cloizeaux, F. Hessenberg, J. D. Dana, N. von 
bkscharoff, R. Prendel, L. V. Pirsson, H. Laspeyres, and J. Grailich and V. von 
‘ng. 

The twinning is usually similar to that of the micas with the twinning plane 
^rpendicular to (001) and in the zone (0(y ) (110). In some cases, the composition 
plane is (001) with the planes of the optic axes intersecting at 60° ; in other cases, 
(i) the twiimed parts may lie" in one plane adjacent to one another along two or 
three irregular planes, or (ii) they may form a trilling, or (iii) they may make one 
crystal with six sectors The twinning may follow the so-called penninite law^ 
with ((K)l) for the twinning and composition plane. The two parts are in this case 
reversed, and corresponding faces differ in position 180°. Both modes of twinning 
may occur in one crystal. The apparent uniaxial character of penninite is exj)lained 
by G. Tschermak and E. Mallard by assuming a highly develo})ed multiple twinning 
of biaxial plates. The twinning was discussed by G. Tschermak, N. von Koks(iharoff, 
G. A. Kenngott, and J. P. Cooke. The cleavage parallel to (001 ) is perfect furnishing 
flexible, tough, but not elastic lamina*. The percussion figures and the pressure 
figures are oriented as with the micas. The corrosion figures were studied by 

G. Tschermak, and F, J. Wiik. Those at the (OOl)-face of clinochlore are in part 

monoclinic, and in ])art triclinic ; those on pmjuinite are hexagonal or triangular, 
rarely monoclinic or triclinic ; and those on corundopilitc are monoclinic. The 
optic axial angles are variable even in the'same crystal ; and in some cases the 
crystals app('ar uniaxial. G. Tschermak gave for 30-65° for clinochlori', 

and 2F=2()°-51° 31'; for p(‘nninite, 2A' -'()°-60° ; for prochlorite, 2A’— 0 -30°; 
for coruridophilite, 2A- 8° 20', and 2F- 46° 10' ; for leuchtenbergite, 2A’-^O°-20° ; 
for kotschubeyite, 2A - -0°-36°; and for kammereril(‘, 2A---0°-20°. Observations 
Lave also been rej)ortcd by A. <h‘s Cloizeaux, A. Michel-Levy and A. Lacroix, and 
R. Prc’idcl. According to A. de.s (3(uzcaux, raising the temp, of clinochlore from 
20° -205 ' raises 2E from 68 ’ 75°; no change occurred with leuchtenbergite and 
penninite. 

The specific gravity of clinochlore ranges from 2T)5-2'78; of penninite, from 
2‘()0-2 85 ; of juocblorite, from 2 78 ; and that of corundophilitc is 2'IH). 

The hardness of prochloritc is 12 ; and that of other varieties ranges from 2-2^. 
R. Ulrich gave 0-2016 for the specific heat of chlorite betwe(*n 20° and t)8°. 
K. Dalmer found that orthochlorites lose tlieir water at 550° 570° ; the lepto- 
chlorites commence to lose their water at 440°-450° and lose all at 580°- 600°. 
C. Doelter found that when penniniO* is meltt*d with magnesium fluorid<‘, magnesia 
mica, olivine, and enstatite are formed. He also found that wlum slowly cooled, 
olivine, augite, and spinel are formed. Observations were also made by C. Doelter 
and E. Dirtier. F. VV. Clarke and E. A. Schneider found that when clinochlore 
is strongly ignited it furnishes a soluble and an insoluble portion, and the latttjr has 
the composition of a spinel. The indices o! refraction arc nearly the sann; as 
for mica ; for clinochlore, A. Michcl-L(5vy and A. Lacroix, K. Zimanyi, and 
J. K6uig.sberger gave a=l’585-l-586, j3= 1-586-1 ’588, y-.l-5955-l-5% ; for 
penninite, A. des Cloizeaux, C. Pulfrich, A. Michel-L<^vy and A. Lacroix, 
W. Haidinger, and K. Zimanyi gave a^l-575-1-5821, y— 1-576-1-5832. The 
corresponding birefringence is low, ranging from y~a==0-001-()-0101 . The optical 
character is usually positive, sometiirnjs negative, and sometimes both in adjacent 
laminffi of the same crystal. E. 8. Larsen studied this subject. The pleochiioism 
of the crystals is well-marked ; this subject was discussed by G. Tschermak, A. des 
Cloizeaux and J, C. G. de Marignac, G, A. Kenngott, J. P. Cooke, A. Bertiii, and 

H. Rosenbusch. W. G. Hankel discussed tin; pyroelectric properties of the crystals. 
G. A. Kenngott ^7 observed that powdered and moistened chlorite has an alkaline 

reaction towards litmus. F. AV. Clarke and G. Steiger found chlorites are partially 
decomposed by the vap. of ammonium chloride. C. Doelter and E. Dittler did not 
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obtain talc by the action of soln. of sodium carboiAte and hydroxide. F. W. Clarke 
and E. A. Schneider found chlorites are decomposed when heated in a stream o 
hydrogen chloride ; K. Brauns doubted if the gas was adequately dn®d. A. Lm - 
ner also made observations on this subject. The transformations of the ch ontes 
in nature have been discussed by G. Tschermak, A. Funaro and L. Brussati, N. von 
Kokscharoff, etc. V. Iskyul studied solubility of the silica from the chlorites— 
prochlorite, corundophyllite, tabergit(> rhodochrom, pcnninite, leuchtenbergite, 
and clinochlorc. W. 0. Smith and «, T. Prior described an ivy-green compact 
chlorite from Bernstein, Austria, which is sometimes erroneously called precious 
serpentine, and which is used for making vases and other small ornaments. 
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G. A. Kenngott, Die Minerale der Schweiz nach ihren Eigenschojien und Fundorten, Leipzig, 
161, 1866; (JebersicU der*Resultate%ineralogischer Forschungen, Wien, 62, 1868; A. Michel- 
L4vy ^ind A. Lacroix, Les minkraux des roches, Paris, 169, 1888 ; W. Haidinger, Fogg. Ann., 96. 
493, 1866 ; J. P. Cooke, Amer. Journ. Science, (2), 44. 202, 1867 ; L. V, Pirsson, ih., (3), 42. 408, 
1891 ; A. Berlin, Zeit. Krysi., 3. 466, 1879 ; F. f . Wiik, ib., 7. 188, 1891 ; E. Prendel, ib., 15. 81, 
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tions on the Chemical Constitution of the Silicates — The Chle^ites, Petrograd, 1917 ; W. C. Smith 
and G. T. Prior, Min. Mag., 20. 241, 1924. 


§ 42. Alkali Aluminium Silicates {continued) 

M. F. R. d’Andrada ^ found a white or yellowish-white mineral at Utd, Soder* 
manland, Sweden, and he named it spodumene — from o-tto^o?, ashes—in allusion 
to its colour before the blowpipe flame. R. J. Hatiy called it triphane—ixom TfH<l>dvT}, 
appearing three-fold—iu allusion to his idea that the crystals can be divided by 
three planes with equal ease. J, A. Arfvedson first demonstrated the presence of 
lithium in the mineral, and other analyses were made by F. Stromeyer, R. Hagen, 
H. V. Kegnault, and T. Thomson. 

A variety of apodumene from Stonoy Point, Connecticut, was described by J. L. Smitii,* 
and W. K. Hidden, and called h'iddenxtc — after W. E. Hidden. The colour ia yellowish- 
green to emerald-green, and the latter is used as a gem-stone. It shows rather more 
variety of colour than the emerald because of its pleochroism. Another variety from Pala, 
California, is a clear rose or lilac-colour ; it was called hunzUc — after G. F. Kunz — and is 
also used os a gem-stone. It was described by G. F. Kunz, C. Baskervillo, W. T. Schaller, 
and K. (). E. Davis. K. I’rzibram and co-workers foimd that a sample of kunzito which 
waa pleochroic from rose-red to colourless gave colours varying from blue to yellowish-green 
after exposure to Becquorel’s rays. T. Tanaka considered that tlie spectrum of the 
luminescence of kuuzites indicated the presence of manganese, iron, thallium, samarium, 
and ytterbium. 

Analyses of spodumene were made by 0 . F. Rammelsbcrg, A. Julien, etc. No 
elements of the cerium-yttrium group were present ; and magnesium, barium, stron- 
tium, chromium, iron, titanium, zirconium, thorium, and phosphorus were absent 
from the kunzite analyzed by W. T. Schaller, and R. 0 . E. Davis. According to 
A. Piutti, spodumene of Mines Graes is not radioactive, although kunzite contains 
some helium. The proportion of lithia in the early analyses was shown by C. Doelter 
to be too low owing to imperfections in the analytical methods. The later analyses 
are best represented by the formula LiAl(Si03)2, so that spodumene may be regarded 
as lithium aluminium dimetasilioate. F. W. Clarke gave a complicated graphic 
formula for spodumene involving a .sextupling of the simple empirical formula. 
The synthesis of a spodumene li^e the natural mineral has not yet been effected 
— vide leucite. R. Ballo and E. Dittler melted together lithium metasilicate and 
aluminium metasilicatc, and obtained what has been called y-spodumene, which 
has a smaller sp. gr. and index of refraction than spodumene itself. G. Stein, and 
F. M. Jager and A. Simek also failed to synthesize the mineral, but they obtained 
the y-spodumene. R. Ballo and E. Dittler’s f.p. curve of mixtures of lithium and 
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alummiimi metasilicates is shown in Pig. 135. Starting from the lithium end, solid 
soln. are formed as far as 30 mol. AlgfSiOslg, and beyond the eutectic point a 
maximum occurs at 965°, corresponding 
with the compound lithium dialumininm 

pentametasilicate, 2Li2Si03.Al2(Si03)3. 

There is then a second eutectic point at ^ 

920°, and the curve rises steeply to a • ^ 
maximum at 1275°, correspouding with g 
lithium aluminium tetrametasilicate, 

Li 2 Si 03 .Al 2 (Si 03 ) 3 . The third eutectic 
point is at 1200°. Natural spodumene 
furnishes a similar product to synthetic 
spodumene wlien it is fused and slowly 
cooled. In the system LiA 102 'Si 0 . 2 , 

U. Ballo and E. Dittler found lithium 
aluminium dimetasilicate, m.p. 1275° ; 
lithium aluminium orthosilicate, m.p. 1330°; lithium aluminium mesotrisilicate, 
LiAlSiaOa, m.p. 1180° ; and lithium aluminium paratetrasilicate, LiA 18 i 4 (),o, m p. 



m 


Flu. 13ri. -Faw.iiJK' point Curves of tfio 
limary System : 


1200 °. ... , , . , 
Spodumene occurs in cleavable masses, and in prismatic crystals winch are 
white and may be tinged green, grey, or yellow. There are also bliie, rose, and 
lilac-coloured crystals— kunzite and gretyi cry.stals of hkldeuite. F. A. (Jiml h ^ 
found 0*18 per cent, of chromic oxide in green Iiiddenite. The crystals of spodunnme 
usually appear as fiatteiied prisms, and very large crystals have been reported. 
W. P. Blake mentioned crystals from the Black Hills, South Dakota, 3() ft. m 
length and 1 - 3 ft. in thickness ; F. L. Hess, om^ 42 ft. in length and aiiproximately 
3 ft. by 6 ft. in cross-section ; V. Ziegler, one 12 ft. long and 5 ft. 4 ins. maximum 
diameter, and it weighed 90 tons ; and W. T. Schaller, one 47 ft. long. H. J. Hally 
said the crystals are rectangular octahedra ; and observations were nun e by 
J. D. Dana, K. Hermann, and A. des C’loizeaux. Aceording to D. yom Rath, 
the crystals belong to the moiioclinic system, and have axial rat ios a : o : c 
^1-1283 : 1 : 0*62345, and /3--=69° 32^' ; and E. S. Dana gave M283 : 1 : 0'035,), 
and /3-G9° 40'. K. Eiidell and R. Rieko say that the crystals become isotropic 
at about 950°. The (llO)-cleavage is well marked. Th(‘ crystals soimdimes have 
a lamellar structure, and can be separated or parted into thin jilates iiaral el to the 
(l(Xl)-face. Twinning occurs on the (lOO)-plane. Corrosion figures pfj’d^ced ly 
a natural solvent have been found by E. S. Dana on some crystals of liuldeniU' , 
and G. Greim obtained similar figures by etching with hydrolluoric acid. G. Greim 
also gave for the ojitic axial angle 2// --64° 47' for red light ; 64° 58J for Na-liglit , 


and 65° 4^' for blue light. _ 

The sp. gr. of many of the natural sfiodumenes analyzed ranged Irom o i o ^ , 
their hardness varied from 6 - 7 . F. M. Jager and A. Simek determined the sp. gr. 
of a number of natural kunzites, and found 2’4! 1 at 25° for the sp. gr. of syntlietie 
spodumene. K. Endell and R. Riekc stated that the sp. gr. of spodunieiie is not 
affected by heating it to 920° and cooling rapidly, but at 980° it is diminished from 
3-147-2-370. R. Ballo and E. Dittler called the mineral o-spodmnene, aim found 
that at about 1000 ° there is an irreversible transition* temp, into ^-spMUmene 
whereby the sp. gr. falls from 317-2’41. Natural a-spoduniene is slowly trans- 
formed to jS-spodumene at temp, as kw as 690°, and the change progresses wit i 
an increasing velocity as the temp, is raised. • The term ^-spodumene is no long(?r 
applied to the natural mixture of albite and eucryptite (q.v.). Fused spoduniemi 
rapidly cooled furnishes a colourless glass of sp. gr. 2 362. oyntiie ic 
y-spodomene has a sp. gr. 2*3127 ; and kunzite which has been transformed into 
y-spodumene by melting and recrystallizing by slow cooling has virtually the 
same sp. gr. 2*3130. The curve,^ig. 136, represents the average results of R 
and R. Rieke, and R. Ballo and E. Dittler on the sp. gr. of spodumene, winch has 
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that the ra.p. and refractive inedees are the 
same. K. Endell and R. Rieke gave ISSO"" 
tor the m.p. of spodumene; R, Ballo and 
E.Vittler, 1275° for the mp. ofy-spodumenc; 
and F. M. Jager and A. Simek, 1400°. 
A. Brun gave 1010° for the m.p. of spodu- 
mene, but, as just indicated, this number 
is too low; J. Joly gave 1173°; and 
A. L. Fletcher, 1223°. F. M. Jager and 
A. Simek measured the m.p. of a number of 
natural kunzites and found them to be 
higher than synthetic spodumene. Hence 
they inferred that the m.p. decreased as 
the sp. gr. increased. The observed difference in the m.p. of jS-spodumene 
(1380°) and y-spodumene (1290°) is attributed by F. Meissner to the low fusion and 
crystallization velocities. From his experiments on the action of soln. of the 
alkali salts on spodumene before and after fusion, J. Lemberg assumed that 
the melting is accompanied by the decomposition : 2 (Li;i 0 .Al 203 . 4 Si 02 ) 
=Lio0.Al2()3.r)Si024Li20.Al208.2Si02. K. Schulz gave 0-2161 for the sp. ht 
of spodumene. F. M. Jiiger and A. Simek concluded that the natural kunzites, 
hiddenites, and spodumcnes are metastable varieties (a-spodumenes) of the com- 
pound, and that y-spodumene is the stable form at all temp, below 1400°. The 
natural spodumcnes cannot therefore be produced from dry magmas, and it is 
probable that their formation is due to so-called hydrothermal synthesis. R. Lorenz 
and W. Herz studied the relation between the m.p. and the transition temp. 

G. Tammann gave 714 cals, for the heat of soln. per gram in a mixture of hydro- 
fluoric and hydrochloric acids. 

A, Michel-L4vy and A. Lacroix gave for the indices of refraction of the mineral 
a-=4-660, j3==l-666, and y==l-676 for red light ; while A. des C'loizeaux gave 
a=l-651, ]8--l-6G9, and y--l-677 for yellow light. L. Diiparc and co-workers 
obtained : 
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Na ray 
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*1-6682 

1-6712 
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1-6663 
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Tl-ray 

. 1-6634 

1-6680 

1-6791 

1-6717 

1-6742 

1*6837 

1-6634 

1-6681 
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K. Endell and R. Rieke found the birefringence disappears after heating the 
mineral to 980°, or the very finely powdered mineral to 950°. They found the mean 
refractive index of spodumene is 1*66 ; and that of the glass, 1-519. R. Ballo and 
E. Dittler gave for a-spodumene, 1*665 ; for jS-spodumenc, 1*527 ; for glassy 
spodumene, 1-519 ; for y-spodumene (synthetic), 1*525 ; and for y-sj)odumene 
from re-crystallized kunzite, 1-523. F. M. Jager and A. Simek gave 1-521. The 
crystals are optically positive. E. S’. Dana found the pleochroism to be strong 
particularly in the deep green varieties. As indicated above, A. Piutti ^ said that 
the mineral is not radioactive. C. Doelter found that by exposing kunzite to 
radium rays, it is coloured green ; ‘flpodumene does not change ; and hiddenite 
becomes bluish-green. He found that kunzite becomes colourless at 400°, and rose 
at 240°. Calcined kunzite becomes green when exposed to radium rays. The green 
colour changes to lilac when the mineral is heated to 200° in a stream of oxygen. 
C. Baskerville and G. F. Kunz found that kunzite has a red phosphorescent glow 
when exposed to radium rays; according to S Meyer, the light is polarized. 
Spodumene and hiddenite do not phosphoresce under these conditions. F. H. Glew, 



SILICON 643 

K. Przibram, and E. Newbery and H. Lupton also investigated the action of radium 
rays on kunzite. C. Doelter found that green kunzite is thermoluminescent at 40 ’ ; 
and kunzite is luminescent in X-rays, and in ultra-violet light. Thirty hours’ 
exposure to X-rays produced a perceptible change in the colour of kunzite ; hiddonit’e 
became greener. C. Doelter said that spodumene and hiddenite are almost trans- 
parent to the X-rays. Ultra-violet rays restore the original colour to green kunzite, 
but hiddenite is not changed. The subject was also studied by S. C. Lind and 
D. C. Bardwell. 

G. A. Kenngott ^ found that powdered and moistened spodumene has an alkaline 
reaction both before and after calcination ; but the powdered glass does not give 
the reaction. Spodumene is not attacked by the ordinary acids, altliough, as 
indicated above, it ls attacked by hydrofluoric acid. J. Lemberg investigati'd the 
prolonged action of soln. of potassium and sodium carbonates, and potasaiuiu and 
sodium chlorides at 100°- 230^^, on both natural and glassy powdered spodumene. 
The lithium is displaced by potassium and sodium ; and in some cases silica is 
removed as alkali silicate. The alteration of spodumene in nature was studi<'d 
by A. A. Julicn, C. 11. van Rise, and (1. J. Brush and E. 8. Dana. IVrcolating 
soln. of sodium salts change it to eucryptite and albite. This mixture was (UH'c 
called ^-spodumene — vide eucryptite. By the further action of potassium salts, the 
eucryptite is converted into muscovite. Thus, albite and muscovite appear as 
end-products of this reaction, and the mixture of albite and muscovite was calh'd 
cyiMlolite by J. D. Dana ; and ayluile by A. A. Julieii. T. Thomson described an 
alteration product of spodumene from Kilhney Bay, Ireland. This mineral is not 
unlike cymatolite. It was called kiUimte. 

A. Damour ^ applied the term jadeite to a jade-like mineral from East(‘rn Asia, 
The colour is nearly white with a green tinge, leek-green, emerald-green, aiijfle- 
green, or bluish-green. Re also applied the term chloromelamte- irom 
green; /a'Aa?, black- to a dark green, almost black, variety- - u/dc jaile. and 
nephrite. The analyses have been discussed under the last-named minerals. The 
results show that jadeite can be regarded as a mla-spodumene, NaA^SiOa).^, sodium 
aluminium dimetasilicate. It is known only in a massive form with a crystallimt 
or granular structure, and it may be obscuredy fibrous. The crystals are monoclinic- 
(or triclinic) with optical characters like th(5 pyro.xenes. The crystalline structure 
has been discussed by A. des Cloizeaux, E. Cohen, A. J. KrenruT, and A. Arzruni. 
For Na-light, A. Michel-J/jvy and A. Ijacroix gave for the o})tic axial angle 2 C 70 " ; 
and A. J. Kreniier, 2/7—82° 18'. A. AlicheLLevy and A. Lacroix found the bire- 
fringence y~a -0 029. The sp. gr. is 3-30- 3’35, and the hardness, 0 7. 8. Weid- 
mann reh'rred to a pyroxene related to jadeite which he called percivalile. It 
is from the pegmatite deposits of Wisconsin ; its composition indicates that it is 
a mixture of jadeite and acinite. R. 8. Washington found a pea-green jade orna- 
ment near San Andres de Tuxtla, Mexico, of date about 96 B.c. ; its com|)osition 
corresponded with a mixture of equal parts of jadeite anddiopside, NaMgCaAlSi 40 i 2 . 
Re called the mineral The sp. gr. was 3 ‘270 ; the hardness, 6’5 ; tt--l*66G, 
j3=l-674„ and y--l-688 ; the birefringence, y— a— 0'022 ; the optical axial angle, 
75° ; and the optical character, negative. The minerals whose composition corre- 
sponded with solid soln. of textlite and albit^j^- were called niayaite— iTom the Maya 
nation. 

J. F. L. Hausraann ^ described a green ampbibole from Syra, one of the Cyclades 
Islands, but it has since been showi7 to bo widely distributed. Ho called the 
mineral glaucophane—from yAar#cds, bluish-green; and (^aiVco-^ai, to appear. 
G. Striiver called the mineral from Vallo Grande di Lanzo, gastaJdite- -SLitar 
B. Gastaldi. Analyses have been reported by C. Bodewig, 0. Luedecke, F. Ber- 
werth, A. von Lasaulx, B. Schluttig, G. Striiver, F. Zambonini, L. Milch, W. C. Bias- 
dale, A. Johnson, B. Koto, A. Liversidge, C. Barrois and A. Offret, H. 8. Washington, 
U, Grubenmann, and H. B. FouUon, C. F. Rammelsberg regarded glaucophane 
as a complex mixture of Na^SiOs, RSi 03 , and R 2 '"(Si 03 ) 3 ; various other forms of 
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the mixture hypothesis were proposed by C. Doelter, L. Milch, U. Grubenmann, 
and C, W. Blasdale. Idealized glaucophane is represented as sodium aluminium 
dimetasilicate, NaAl(Si03)2 ; and this is normally associated with ferromagnesian 
ilietasilicate, (Fe,Mg)Si03, and ^calcium raetasilicate. F. W. Clarke regarded it as 
a trisilicate, analogous to crocidolite, 



Giaucophaite. Crocidolite. 


A. Osann reported a lithium-glaucophane which was named holmquisite-~&it(ii 
P. J. Holmquist — in tiie iron ores of Utd, Sweden. It contains 2*13 per cent. 
Li.^O, so that part of the soda of glaucophane is replaced by lithia. The mineral is 
optically nc'gative, with 2i?=6B“ 56'. Glaucophane is the amphibolic equivalent 
of the pyroxene, jadcitc ; and its composition was studied by B. Gossner. 

Glaucoi)hane occurs as the hornblendic constituent of some crystalline schists, 
mica schists, amphibolytes, gneiss, eclogyt.es, etc. B. Koto regarded it as a 
secondary product of the alteration of diallage. The subject has been discussed 
by H. Rosenbusch, L. Milch, G. F. Becker, K. Oebbeke, H. S. Washington, and 
J. P. Smith. Glaucophane has not been synthesized artificially. C. Doelter found 
that like other amphiboles, it furnishes a pyroxene when fused and crystallized. 
When heated along with magnesium, 'Calcium, and sodium chlorides in a current of 
steam, C. Doelter obtained a product like glaucophane in some respects. The colour 
of glaucophane is azure-blue, lavender-blue, bluish-black, and grey. It commonly 
occurs massive, fibrous, columnar, or granular. The crystals are prismatic and 
monoclinic, closely resembling the amphiboles in form. The axial ratios are a : 6 : c 
=-0‘53; 1 :0*29, and /3— 105'". Observations were made by C. Bodewig, A. von 
l^asaulx, 0. Luedecke, and G. Striiver. The cleavage parallel to (110) is complete. 
The optic axial angle for Na-light is 2E=85° 35' ; and, according to G. Struver, 
2P-“43° 58'. S. Kreutz gave 2E~1T 55' and 2F--42” 24' for red light, and 
2A'— 72® 36' for greem light. The sp. gr. ranges from 3’0-3‘l, and the hardness 6. 
0. Doelter gave 1040’ -1060° for the m.p. The mineral becomes brown when 
calcined. E. T. Allen and J. K. Clement discussed the nature of the water 
which is present to the extent of l‘78-2'57 per c(mt. in samples dried at 
100°. K. Wallerant gave for the indices of refraction a--l’6212, j3— 1‘6381, 
and y:^P6390; and 8. Kreutz, a--l*630, /3--4'646, and y=P648. For the bire- 
fringence, y - a--0-0l78, j3— a— 0'0169, and y-~j3— 0’0(X)9. The optical character 
is positive. The pleochroism is gtrongly marked. Observations were made by 
C. Bodewig, G. Striiver, A. von Lasauk, A. Michel-Levy, A. Stelzner, C. Barrois, 
F. Becke, B. Koto, J. W. Retgers, A. Wichmann, F. Bccke and E. Schluttig. In 
general, a is yellowish-green to colourless ; h, reddish-violet ; and c, sky-blue to ultra- 
marine-blue. K. Oebbeke noted the change which occurs after the mineral has 
been calcined. 0. Miigge noted the formation of pleochroic halos when glaucophane 
is exposed to radium radiations. The mineral is scarcely affected by acids. 
L. Coloinba described the alteration of glaucophane into chlorite, felspar, and 
hiematite. 

B. Faujas de St. Fond ® mentioned the occurrence of pellucid crystals of a 
zeolUhe dure on the Cyclopean Islands, Sicily ; L. A. Emmerling, D. G. J. Lenz, and 
J, C. Delametlierie called it zeolithe cubique, !ind zeolilhe leuciiique ; and R. J . Haiiy 
called it analcim — from avciAKi?, ^^eak — in allusion to its feeble electrification 
when rubbed. D. de GaUitzin ahered the name to analdte. 

J. G. Werner called analcito kubizUey and also amlzitn ; and A. Breithaupt, kuhoid. 
The pxcranalcme — from wticpot, bitter — of G. Meneghini and E. Beclii, staled to contain 
about 10 per cent, of magnesia, proved, when analyred by E. Bamberger, to be ordinary 
anedcite. J. Esmark obtained a compact analcite from a number of islands on the I..ange- 
aund fiord, Norway, and it was named euthallite — from d, well ; and a green twig 
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—in allusion to the colour. P. C. ^’eibye found rhombic crystals of a mmcral on ihlmuli 
in the J^gesund fiord, Norway, and he called it ewhwphiie — from tvhvo^os, duskiness - 
in allusion to the cloudiness of the mineral. The ciystah wero examined by A. des Cloizoaux, 
E. Bertrand, and A. Lacroix. W. C. Brtigger showed that themineml is nothing but 
analcite with an unusually strong double refraction. T. Thomson found in the Kilpatrick 
Hills rwl vitreous crystals of a mineral approaching analcite in proiwrties. It was nanuxl 
chUhnlite — from Clutha, ah okl name for the Clyde V'alley. It is considered to bo an altered 
analcite. E. Bertrand examined its optical properties. F. Berwerth nanuxl a black- 
coloured rhombic mineral in a meteorite fAm Kodaikanal, Madras, acmfirri/i/r- -after 
J. Weinberger — its composition correH|)onded with 9{(Na,K)jALSi,()j}.r>l(Mg.Ca,Fc)Si()j, 
or, more generalized, Na^O.fiFeO.Al^O^.fiSiOj ; and it is assuine<l to bo a mixture of 
NaAlSiOj-f 3 FeSi 03 . It is optically negative, has small axial angle.^ and a weak index 
of refraction and birefringence. 


The first analyses of analcite were made by L. N. Vaiiqucliii® in 1807 , and 
H. Rose made more accurate onc.s in 1822 . Many analyses of analciti' havi' since 
been made. C. F. Rammclsbcrg at first rcgardcil tlic contained watiT as 
eq. to water of crystallization ; later, he gave the formula H4NH2Al2Si40i4. 
The formula usually accepted is Na2Al2{8i0;{)4.2H20, or, as P. (Jroih puts it, sodnim 
aluminium dimetanlwate, NaAl(Si03)2.H20 ; but 11 . W. Foote and M. Bradley 
showed that in the published analyses, the ratio Na2() : ALO;} is nearly 1:1, and 
the ratio H2() : SiOo is very close to 1:2; hut there is no simple ratio between the 
alumina or soda and silica or water. (}. Tsehermak repre.sented analcite as (‘on* 
stituted of four alumiuo-silicates. J. Jakob represent'd it by tlii' eo-ordimition 
theory : 


fAl(Si()4.8i() 


2)3! 


A1 

(H,0,Na) 


3 


G. Friedel showed that over KKf there is a state of equihhrium betwi'en tlu' vap. 
press, of the zeolites and the water vapour iu the air; and for a given weight of 
mineral the vap. jiress. depends on the area of the (*xp(is(*d surface. He measured 
the dehydration curve of analcite - ride infra. F. W. Clarke and G. Steiger found : 

100" ISO" 2«0’ 3(He :{.')0" J/OW rcdnt'HU 

Lokh of water . 013 O’Tf) 2 44 128 1'7() 2 0.3 per cent. 


They regarded the water as (extrinsic and, from their ex[M*riments on the action of 
ammonium chloride vap. resulting in the formation of ammonium nJuininium 
dimelasUicate, (NH4)Al(SiO*j)2, wrote the formula NaiAl4Si802p or: 

Sit) 

AIi.^Si3()8-Al<.\/>Al SiOj-Al I 41GO 

Wa, 

It, Brauns regardinl the part of the water as intrinsic or constitutional, and wrote the 
formula Al : SiO;vO.Si(OH)2(ONa). G. Doelter, and E. T. Wherry eonsidiT that anal* 
cite is not a zeolite liecause it does not show the peculiar dehydration phenomena 
characteristic of zeolites. It is coasidered to be related with Icucite. E. T. Wherry 
assumed that the mol. vol. of K and of (Na j-H20-|-z) are alike, and can re[)laco 
one another isomorphously. From observations on the action of salt soln. on 
analcite, G. Tsehermak, and C. Doelter regarded the mineral as a complex mixture 
or solid soln. of silicic acid and an anhydrous aluminosilicate, Na2Al2Si20fl.}l4iSi20(j. 
H. W'. Foote and W. M. Bradley also explained the variation in comjiosition of 
analcite by assuming that a solid spin, of some other compound is present - 
presumably silicic acid, H2Si205 ; 11481200 ; e^ Water in analcite does not behave 
like ordinary water of crystalfization, and the vap. press, at a given temp, is not 
constant. This is taken to support this hyimftiesis. J. Ivemherg inferred that 
the formula should be at least doubled. G. Stoklossa assumed that the water of 
analcite is chemically bound in the mol. There is a break in the rehydration 
curve of analcite dehydrated at different temp., and this is taken to correspond 
with the existence of a definite liydrate. 
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Analcite has been synthesized by hydrothermal processes, working under 
press. C. Doelter said the sphere of existence of analcite at high press, is from about 
180'’-500°. The reaction with ncphelite is reversible ; using simplified formulae : 
2NaAlSi04-hH20?^NaA102-f NaAl(Si03)2.H20 ; raising the temp, favours the 
system on the left, and conversely. Thus, he obtained analcite by heating nephelite 
with an aq. soln. of alkali carbonate in presence of free carbon dioxide at 200° ; 
and with water and analcite at 400° he obtained some nephelite. If C. R. van Hise 
is right in saying that there is a 5‘49 per cent, increase in vol. when nephelite 
passes into analcite, a high press, is not suited for tlie conversion of nephelite into 
analcite. J. Lemberg, and S. J. Thugutt showed that when leucite is heated to 
180°“195° along with a soln. of sodium chloride or carbonate, analcite is formed. 
The reaction is reversible. They also obtained analcite by the prolonged digestion 
of andesine or oligoclase with a soln. of sodium carbonate at 210°-220°. 
8. J. Thugutt found the reaction with andesine is not reversible. E. A. Stephenson 
obtained analcite by the action of soln. of sodium carbonate or hydrocarbonato 
on adularia at temp, ranging from 183°- 233°. C. Doelter represents the conversion 
of albite into analcite as a reversible reaction : NaAl(Si03)2.H20-|-Si02^-H20 
-|-NaA18i30s, when the left to right reaction requires a high temp.— over 420°, 
according to C. Doelter ; over 520°, according to E. Baur. A. do Schulten made 
analcite by heating to 180°-190° a mixture of .sodium silicate and hydroxide, and 
water in contact with aluminous gla.s3 ; and by heating to 180° for 18 hrs. mixed 
soln. of sodium silicate and aluminate in proper proportions. C. Friedel and 
E. Sarasin prepared analcite by heading j)recipitated aluminium silicate, sodium 
silicate, and water in a sealed tube at 500°. E. Baur likewise made analcite crystals 
from a mixture of silica, sodium aluminate, aluminium hydroxide, and water in a 
steel tube at 350°- 450° ; and 0. Doelter also formed analcite from mixtures of soln. 
of silica, alumina, and soda, or of silicic acid, aluminium chloride, and sodium 
carbonaO^ at 1(X)°-4(K) '. J. Kdnigsberger and W. J. Mulh‘r found that the formation 
of zeolites, in the absence of carbon dioxide in the system, K^O ALOjj 8i02- HoO, 
commences below 10()°, and may increase up to 4tX)°, but probably their limit of 
stability, with the exception of analcite, is below 300°. 

Analcite is readily formed as a secondary mineral, the product of the so-called 
zcolitizatinn ; and when formed with other zeolites, it is one of tin' first to appear. 
Alterations (d leucite into anahite have been observed by A. Sauer, F. Zambonini, 
J. E. Hibsch, H. 8. Washington, 8. J. Thugutt, W. 11. W(ied and L. V. Pirsson, 
J. F. Williams, E. Scacchi, E. Hu.'^sak, etc. ; and W. C. Brogger noted the for- 
mation of analcite from eheolite and .Tgirite. Analcite may also be formed as a 
])yrogenic primary mineral in dee})-aeated rocks, where it was ])robably formed 
under })ress. Numerous observations have been reported in sup])ort of this 
statement. 

Analcite may occur massive or granular ; in composite groups of crystals, or 
in single crystals, usually in trapezohedra, or cubes, belonging to the cubic system. 
The cleavage is feebly cubic. Analcite may be colourless, white, or tinged grey, 
green, yellow, or red. The sp. gr. of many of the samples analyzed were determined, 
and the data range from about 215-2’35 — thus, G. dal Piaz’3 gave 2195 ; B. Popoflf, 
2‘2145 ; E. Billows, 2 28 ; and E. Vaceari, 2 35. J. K6nigsb(‘rger and W. J. Muller 
gave 2'2 for the sp. gr. of the artificial drystals. G. Friedel found that the expulsion 
of water from analcite is attended by a contraction, thus : 


\Vater lost 

. 0 i 

3 CO 

6'2!) 

8*02 jx'r cent. 

Sp. gr. . 

. 2*277 • 

2*205 

2*160 

2*141 

Contraction . 

. 0 c 

0*6 

0*88 

2*16 per cent. 


After a prolonged ignition, the sp. gr. ro.se to 2 437. The hardness of analcite is 
between 5 and 5j. G. Friedel found that when analcite is heated so that it 
loses water, it retains its original form and the refractive index is increased. At 
ordinary temp., the dehydrated mineral does not resorb water, but at about 100°, 
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it will absorb water from the air And return to its original composition. C. Do«dtor 
found melted analcite gives no crystalline products on cooling. F. Pfaff found the 
mean coeff. of linear expansion between O'" and 100'' to be 0 0009261 ; A. Bartoli 
gave for the sp. ht., 0 226 between 23" and 100", and 0*246 between 29" and 492". 
6. Tammann gave for the heat of the formation 86*22 Cals’, per mol, or 0*215 Cal. 
per gram. 0. Mulert found the heat of soln. in dil. acid to be 0*5688 (-al. per gram. 
According to G. Friedel, if the dehydrate mineral be mixed with a few drops of 
water, combination occurs with great energy ; heat is evolved, and at the same time 
much air is liberated ; the resorption of water by analcit-e is attended by the 
evolution of 740 cals, per gram. A. des Cloizeaux gave for the index of refraction 
1*4874 for the red ray ; C. S. Ross and E. V. Shajinon gave 1*486 ; and K. Ziinanyi, 
1*4861-1*4881 for the yellow ray. J. Konigsbergor and W. J. Miillor found the re- 
tractive indices of artificial analcite are perceptibly higher tiian that of the naf ural. 

Although the crystals belong to the cubic system and are isotro])ic, 1). Brew.ster 
noticed that they are sometimes optically anomalous, and exhibit a weak double 
refraction. The phenomenon was studied by J. B. Biot, A. des (^loizeaux, A. do 
Schulten, E. Bertrand, A. von Lasaulx, C. Stadtliinder, G. Friedel, A. M(‘rian, 
A. Arzruni and S. Koch, R. Brauns, etc. A. Schrauf regards the crystals as pseudo- 
cubic and describes them as complex twins belonging to the rhombic system ; and 
E. Mallard proposed a similar explanation. A. Ben-Suade explained the 
phenomenon as a result of internal strains, and obtained similar elfects from 
solidified gelatine cast in moulds. 0. Klein showed that when heated in an atm. 
of water vap. or placed in hot water, the hnomalous crystals became isotropic, 
while with a dry heat, the bindringence was increased. Hence, he attributed the 
anomalous effect t<) the change in mol. arrangement which results from the loss of 
a little water. F. Rinne found that analcite which has been ignited is triclinic, and 
he calls the product soda'Icudte, which is analogous with potash- or ordinary leucite 
m the same sense that monoclinic potash-fels))ar is analogous with triclinic soda- 
felspar. T. Liebisch and H, Rubens found the reflection spectrum in the ultra-red 
had a maximum over lO/i, and a minimum at 80^^. K. Brieger found a maximum 
corresponding with that of water. W. W. Goblentz found the ultra-red transmission 
spectrum of analcite has the water bands at l*5/x, 2/i, and 4*7/i quite obliterated. 
C. Doelter found that in a thin layer analcite is transparent to the X-rays, but in 
layers over 3 mm. it is almost opaque. .1. Konigsberger and W. J. Miiller found 
6*7 for the dielectric constant. 

G. A. Kenngott,^^ and E. W. Hoffmann found that analcite moistened with 
water has an alkaline reaction. G. Steiger found analcite to be markedly soluble 
in water. According to G. Friedel, the water in the zeolites is not in chemical 
combination in the common sense of tin* word, and it can be replaced by various 
gases, and even by solids such as silica, without alteration in the crystalline form or 
optical pro])ertics of the minerals. Didiydrated analcite absorbs ammonia in large 
quantity with great energy and development of heat, the quantity absorbeil 
being independent of the nature of the zeolite and proportional to the quantity of 
water previou.nly expelled. When exposed to moist air, the ammonia is gradually 
expelled; and its place is taken by water. In the case of analcite the analogy is 
very close; the ammonia, like water, is not absorbed by the mineral if dehydrated 
below 100", and it is not displaced by atm. moisture at the ordinary temp. 
J. Konigsberger and W. J. Muller found that analcite dissolves in hydrochloric acid 
often leaving a skeleton of gelatinous, silica. C. G. C. Bischof found that a soln. 
of calcium sulphate displaces some sodium^ from analcite. J. Lemberg studied 
the action of soln. of sodium and potassium carbonates ; ammonium, potassium, 
and sodium chlorides ; potassium hydroxide ; and calcium chloride. In general, 
there is an interchange of bases ; with sodium silicate a substance like cancrinite 
is formed with Si03 in place of CO3. F. W. Clarke, and G. Steiger examined the 
action of ammonium chloride vap. in sealed tubes at about 350", and, as indicated 
above, obtained ammonium-ahalcite. G. Steiger studied the action of soln. of 



648 


INORGANIC AND THEORETICAL CHEMISTRY 

silver nitrate, and obtained silver-anakite, or ^silver aluminium dimet/mliccUe, 
AgAl(Si03)2.H20. H. C. McNeil studied the action of barium chloride on the 
mineral and obtained a harium-anakite. 

, J. J. Ferber,^'^ I.^S. R. I. Eques a Born, N. T. de Saussure, B. G. Sage, 
J. B. L. Rome de I’lsle'and C. A. S. Hoffmann referred to weisse Granaten, basaltes 
aJhuft, grenats hVirm, or white garnet occurring at Vesuvius and Monte Somma. 
They said that it is a garnet which has been alierh par une vapeur adde qui ayant 
dmout le fer a lame les grenats dans un Hat de Uancheur. A. G. Werner distinguished 
the minora] from garnet, and called it leucite— from XevKik, white — in allusion 
to its colour. R. J. Haiiy proposed amphigkne — from both ; and yeVo?, 

kind— in allusion to the supposed existence of cleavage in two directions. 
M. H. Klaproth analyzed the mineral, and said : 

I was Hurprisod in an unexpected manner by (liscovering a constituent part consisting 
of a sui)Htance whoso existence, certainly, no one person would have conjectured within 
the limits of the mineral kingdom. . . . This constituent part of leucite is no other 
tlian j)otash, which, hitherto, has been thought exclusively to belong to the vegetable 
kingdom, and has, on this account, been called vegetable alkali. 

M. H. Klaproth’s analysis was (piite good. A. von Awdejeff found soda to be 
also present ; T. Richter (letccted traces of lithia ; and J. L. Smith, traces of csesia 
and rubidia. Many other analyses have been made.^® C. Matignon and others 
have described various deposits and the methods of working them as a source of 
potassium salts for agriculture, etc.* 0 . F. Rammelsbcrg’s summary of the 
analyses corresponded with the formula K20.Al203.2Si02, or KAlSi206, i.e. potas- 
sium aluminium dimetasilicate. Up to about 6 5 per cent, of Na 20 may also bo 
present. This is not liki'iy to be presemt as albite, and it is assumed that a 
soda-kucife is associated with potash-hmeite. Soda-leucitc does not occur in 
nature, but sodium aluminium diinetasilicate, NaAl(Si03)2, has been made by 
J . I j(m\b(^rg. He also replaced the ])otassium in leucite by beryllium. S. J. Thugiitt 
infers that hnicite is really a jmlymer, and is the jmtassium salt of a complex acid, 
H 2 Alo(Si() 2 ) 2 .'«H 20 . F. W. Clarke also believes that the ordinary formula should 
be quadrupled, making 

Alr::Si 3 ()« *Al<;j' J^A 1 Si(),-AI 

analogous to sodalite (</.'?’.). G. Tschermak stiuliod the silicic acid liberated when 
leucite is treated with hydrochloric aei»l at room t(‘mp., and he called the product 
kucitic acid -vide supra. His formula for leucite is therefore KO.SiO.O.yiO;}.Al. 
F. W. Clarke showed that although leucite and analcitc are usually separated in 
mineralogical systems of classification, for one is placed with felspars and the other 
with zeolites, yel they are so similar in form, composition, and properties, that they 
cannot be adequately studied apart. 

Leucite is a com})aratively rare mineral ; it is common in recent lavas ; but it 
is not foimd in the older deep-seated rocks. This may bo due to its easy alteration 
into other species, more probably duo to the instability below tlie temp. 1170 °, 
when it passes into orthoclase if silica be present ; KAl(Si03)2-f Si02=KAlSi30,^— 
tnde Fig. 154 . It is fornuKl in rock mhgmas only when the potassium is in excess 
of that required for the production of felspar ; and A. E. Lagorio found that in 
a loucite-tephrito magma, kept at red heat, loucitc crystallizes out ; and if the t(‘mp. 
be raised, the leucite dissolves, whfio.if lowered, the mass becomes so viscous that 
crystallization ceases. This empljasizes the narrow range of temp, in the formation 
of leucite in rock magmas. A. Hiinmelbauer found leucite is formed when analcite 
is digested with a mixed soln. of potassium hydroxide and chloride — vide infra. 
F. Fouqu^ and A. Michel-L<Wy showed that leucite can be formed by simply 
fusing together \U constituent oxides, and also, filong with other minerals, by 
fusing various rock magmas — e.g. a mixture of biotite and microcline ; C. Doelter 
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obtainftd it when muscovite, lepidolite. or zinnwaldite arc fused alone ; and 
G. W. Morey and N. L. Bowen, by heating orthoclase (y.r.) above IITO'". Similar 
observations were made by K. Petrasch, K. Schmutz, G. Medanich, J. Lenareic, 
and K. Bauer. P. Hautefeuille also fused a mixture of potassium aluminatt* a«d 
vanadate, and silica at 800°“900° for nearly a month, and obtained measurable 
crystals of leucite ; similar crystals were obtained by fusing muscovite or a mixture 
of the constituent oxides along with potassium vanadate. S. Meunier made leiu ite 
by the action of silicon tetr|ichloride on aluminium turnings impregnated with 
alkali-lye ; A. Duboin, by fusing a silicic acid or potassium fluosilicate and alumina 
in the presence of an excess of potasssium fluoride ; and C. and G. Friedel, hydro- 
thermally, by Beating a mixture of muscovite, silica, and potash-lye in a steel 
tube at 500°. 

F. Foiiqiie and A. Michel-Levy suppose that a lithia-kncite is obtained of sp. gr. 
2AI, by fusing a mixture of silica, alumina, and an excess of lithium vanadate 
or tungstate. It is not clear if this product is not after all a 8po<Iumene. Spodurnene 
itself is trimorphous. According to (\ Doelter, when potash-lithia mica is niell(‘(l 
there is an isomorphoiis mixture of KAIfSiOjdjj and LiAlfSiOghj formed ; and ii is 
therefore assumed that spodurnene can also crystallize in the form of leucile. 
Jadeite and glaucophanc are probably related to a soda-leWAiv \ and (I Doidter 
made soda-leucite by melting a mixture of audalusite and sodium fluoride. 
P. Hautefeuille and A. IVrrey made crystals of what they regarded as heriflUa-lvucitv, 
KBe(SiO;j) 2 ; and P. Hautefeuille, crystals of ferru'-kucilc, KP"e(SiO;})ij e?f/c 
silicati's of beryllium and of iron. 

Leucite occurs in jiseudo-cubic crystals; in disseminated grains; and is rarely 
massive and granular. The colour is white, ash-grey, or 8mok(‘-grey. Leucite 
crystallizes in icositetrahedra wdiich are so characteristic that 
this form has been called the kucifohedron. Fig. 137, by (L vom 
Rath. In consequence, up to about 1870 the crystals were 
said to belong to the cubic .system. About 50 y(‘ars earlier, 
however, D. Brewster showed that the crystals are birefringent, 
and even biaxial in parts. These peculiariti<‘S were supjmsed to 
be the result of internal strains set up during crystallization as 
a result of cooling ; and to bo similar to the double refraction Pnj. 1 . 37 . -leoBi- 
observed in chilled or compressed glass. .1. B. Biot, A. des tetrahodml Leu- 
(doizeaux, and F. Zirkel showed that the crystals are traversed by 
twirilamelhe parallel to the four faces, (Oil), (Oil), (101), and (101), 
of the dodecahedron ; and the optical anomaly was accordingly attributed to 
the lamellar structure. If the dodecalu'dral face bo a jdane of symmetry, it 
cannot also be a twinning plane, aiid tin* (Crystals cannot therefore be cubic. 
G. vom Rath then showed that the angles between the faces arc not those of 
the icosi tetrahedron which should be bS° IIJ'; actually, the terminal faces, 0, 
are inclined at an angle 49° 57' and the lateral faces, ?, 48° 37'. He thensforc 
suggested that leucite belongs to the tetragonal system, and consists of a tetragonal 
bipyramid, o(112), and a ditctragonal bipyramid, 2 ( 211 ), twinned on the faces of the 
tetragonal bipyramid, (101 ). H. Baumhaucr found the corrosion figures agreed with 
those of the tetragonal sytem. The subject was discussed by A. Scacchi, J. Hirsch- 
wald, A. des Cloizeaux, G. Tschermak, andT^. Groth. H the crystals be tetragonal, 
they should be uniaxial ; but although they are uniaxial in parts, they arc biaxial 
in other parts. E. Mallard consklerttl that tl^ uniaxial parts are duo to the ov«^r- 
lapping of biaxial lamellee ; so that the crystals arc really biaxial, and that their 
symmetry cannot be higher than that of the rhombic system. B. Mallyd said that, 
optically, the crystals are monoclinic ; and F. Fouque and A. Michel-Levy, triclinic. 
Later, A. Weisbach showed that the crystals are more probably rhombic (i) with 
twin lamellae parallel to the dodecahedron faces (HO) and (110) ; (ii) referable 
to their rectangular axes in which the lateral axes are so nearly equal that angular 
measurements do not distinguish between tetragonal and rhombic symmetry ; and 
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Kia. 138. — Skeleton Crystals of Leugite. 


(iii) traversed by so numerous and fine twin lameMse that it is difficult to observe 
the biaxial figure of a homogeneous single crjrstal at any point in convergent light. 

C. Klein showed that when the temp, of a section of leucite is heated to the begin- 
ning of redness, between crossed nicols, a dark shadow extends across the plate, 
and the leucite is then iSotropic f H. Rosenbusch further showed that the twinning 
striations disappear on heating, and reappear in new positions on cooling. At the 
higher temp., therefore, leucite really belongs to the cubic system, and, on cooling, 
it probably breaks up into rhombic sections. S. L. Penfield, and 0. Miigge gave 
660° for the temp, of the enantiotropic change : a-leucite^=ii8-leucite. F. Rinne 
and R. Kolb said that at 684° the double refraction begins to diminish, and at 714° 
the crystals are isotropic. The transition is so sluggish that there appears an interval 
of 30° between the beginning and the end of the change. R. Lorenz and W. Herz 
studied the relation between the transition temp, and the ra.p. 

0. Doidtcr found the velocity of crystallization of leucite magma to be small, 
so that tlie velocity curve is flattened. L. Colomba investigated the influence of 
the cooling conditions on the transformation ; and he found that a uniform press, 
of 6(KX) atm. has no appreciable influence. Skehdon forms of the crystals some- 
^ times appear ; and L. V. Virsson 

-jL mm mm ^ 

■— rcpreHwiting various stages of 
1 ) F growth. A selection is given in 

,, p , , f r Fig- 138. The simplest forms 

Mo. 138.-Skel6ton Crystals ot Uug.te, 

fold cubic axes, A, Fig. 138; in R, these are thickened at the ends; and in C, 
the thickening has spread, and the ico.sitetrahedron begins to appear. In the 
diagrams, the blacken«*d areas represent the glassy base with inclusions. Spurs 
then ajipi'ar along a two-fold axis as in 1) ; and when these reach the margin, 
the form of the icositetrahedron is comjilete, E, and F, Fig. 138. Leucite may be 
free from inclusions, or inclusions of gas, glass, liquids, and minerals may occur. 
Tlu'se minerals crystallized before the leucite, and they include augite, olivine, 
haiiyue, nephelite, melanite, magnetite, picotite, and apatite. The inclusions may 
1)0 arrangeil in clusters at the centre of the crystal ; in one or mori' concentric 
zoiK's ; or in radial lines. The reason for the radial arrangeimmt is indicated by 
L. V. I’irsson’s study of the growth of the crystals. Some magma W'as first shut 
in, and afterwards se})arated into crystals. L. Colomba showed that crystals 
which have been formed in rajiidly cooling rocks are apt to manifest anomalous 
characters, and a sectored structure. F. Zirkel, and H. Rosenbusch have made 
a special study of the inclusions. 

The sp. gr. of leucite ranges fnwn 2’4r)-2’50 -J. A. Douglas 21 gave 2'480 for 
the crystals, and 2’41U for tlie gla.ss. V. Goldschmidt gave 2 464 for the crystals ; 
C. F. Rammelsberg, 2 468 2'484 ; G. vom Rath, 2 479 ; L. Ricciardi, 2‘48() ; and 
G. Tschermak, 2*469. The sp. gr. of many of the sampler analyzed was also deter- 
mined. The hardness is 5-6. J. July gave 0*1912 for the sp. ht., and G. Tammann, 
0*178 for crystalline, and 0 175 for glassy leucite between 20° and 1(X)°. The heat 
of solu. of crystalline leucite in 20 per cent, hydrofluoric acid is 507 cals, per gram, 
and of amorphous glassy leucite, 533 cals, per gram ; hence the heat of crystalliza- 
tion is 26 cals, per gram. J). I). Jackswi and J. J. Morgan found the vap. press, 
of the alkali vap. of leucite to be negligibly small below 1350°. According to 
0. Mulert, the heat of soln. in 20 per cent^ hydrofluoric acid is 0*5187 Cal. per 
gram, or 226*8 Cals, per mol., an^l the heat of formation KoO-f Al 203 -f 4Si02 
(amorphou 8 )->K. 20 .A 1 . 203 . 4 Si 02 (crystalline) 4-101*8 Cals. The mineral is said t« 
be infusible in the ordinary blowpi\)e flame ; G. Spezia fused it in a flame fed with 
oxygen. R. Cusack gave 1298° for the m.p. ; A. L. Fletcher, 1348°; A. Brun, 
1270° ; and C. Doelter, 1275°~1315°. 

The indices of refraction, according to A. des Cloizeaiix,^*^ are a— 1*508, and 
)/-= 1*609 for sodium light; K. Zimanyi obtained' 1*6086. H. Rosenbusch, and 
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A. des Cloizeaux found very sraal^crystals to be isotropic, and in thin sections, leucite 
is usually isotropic. F. Rinne and R. Kolb found the dispersion for a-leucite at 
21° from AUiG, 0 0142 ; and for jS-leucite, at 750°, 0 0150. They gave for the 

indices of refraction of a-leucite at 21°, and jS-leucitc at 750° : 

^ • 

Line .. A B C D, F G 

a-leucite . 1-6046 1 5054 1-5061 1-5088 IS 146 1^5188 

^•leucite . 1-4903 1-4912 1*4921 1-4947 1 6009 1-5063 

The crystals are optically p<5sitivo, but G. Tschcrinak found a specimen from 
Acquaacetosa to be optically negative. J. Schincaglia investigated the phosphor- 
escence of leucite ; C. Doelter found that it is not luniinescont with radium rays ; 
and that it is equal to muscovite in transparency to X-rays. W. Vernadsky did 
not find leucite triboliiminescent. 

G. A. Kenngott 23 found that the moistened powder of leucite has a stronger 
alkaline reaction than potash-felspar. J. Lemlx'rg found that soln. of sodium 
chloride or carbonate transformed leucite into analcite. He investigated the action 
of soln. of sodium silicate in an autoclave at lOtf- 2()()°, and found the potassium 
was displaced by sodium, and analcite was formed. A. Himmelbauer show'ed that 
when analcite is digested with a mixed soln. t)f potassium hydroxide and chloride, 
leucite is formed. The reaction is reversible, KAlfSiO^lo-l Nad-j 
i KCl4-NaAl(Si03).2. Similar results were obtained by S. J. Thugutt, who said 
that the reaction progresses from left to right as well at ordinary tern}), as it does at 
2(X)° ; and in dil. soln. as in cone. soln. He also found that the complex is very 
stable ; leucite is slightly soluble in a one ])er cent. soln. of potash-lye at about 2tK)° ; 
and it is not decomposed, but w’ith a 30 jxt cent. soln. of alkali-lye, the leucite is 
decomposed, forming a substance resembling nephelite. H. Lotz found that a 
mixture of steam, air, carbon dioxide, and sulphur dioxide decomposes leucite. 
G. Tammann and C. F. Grevemeyer found that magnesia does not act on leucite 
at 10(X)°; lime acts slowly at 500°; and baryta acts strongly at 275°~350°. 
8(‘veral methods have been proposed for the extraction of jiotasli from leucite- 
(\(j. by C. Montemartini, G. A. Blanc, G. Rozzi, and J. W. Hinchley- r?V/e 2. 20, 4. 

G. Steiger heated leucite with a soln. of thallium nitrate at 250'-290", and 
obtained a substitution product ihaJlinm -leucite. The natural transformation of 
leucite into analcite has been studied by A. Knop, 0. F. Rammelsberg, A. Sauer, 
C, G. C. Bischof, and C. R. van Hise ; into a zeolite, by E. Gasoria, and J. Lenila;rg ; 
into kaolinite, by E. Casorio, and C. R. van Hise ; into orthoclase and muscovit e, 
by J. F. Williams, E. Scacchi, G. F. Kunz, E. Hussak, 0. R, van Hise, J. R. Blum, 
(v. Bergemann, and A. Sauer ; into calcium cancrinite, by G. Freda, F. Zambonini, 
A. Lacroix, C. Doelter, and J. Lemberg ; into kaliophilite, by F. Zambonini, and 

G. vom Rath ; and into a mixture of nephelite and sanidine— the so-called pseudo- 
leucite—hy A. Sauer, T. T. Read and (J. W. Knight, and J. Shand. F. Zambonini 
found pseudornorphs of nephelite after leucite and of leucite after nephelite (q.v.). 
The action of sodium hydroxide and various salt soln. on leucit(‘, was studied by 

H. Schnciderhblm. 

0. B*. Bdggild 24 applied the term imingiic—BiftQT N. V. Ussing— to a reddish- 
violet-coloured, triclinic mineral from Kangerdluarsuk, Greenland. The analyses 
correspond with sodium aluminium hydfotrimetasilicate, Na2HAl(8i03)3. Its 
sp. gr. is 2*495; and hardness 6-7. The indices oi refraction are a= 1*5037, 
^--1 5082, and )/=l*5454; the birefringence is feeble. The axial angles are 
2F=39° 4', and 21^=60° 34'. It is optically positive, and is decomposed by 
hydrochloric acid with the separation of gelatinous silica. 

In 1800, M. F. R. d’Andrada 26 described H mineral which he found at Uto, 
Sodermanland, Sweden, and named it petalite—presumably from mrakov, a leaf, 
in allusion to the cleavage. A few years later, E. T. Svedenstierna, and R. J. Hatiy 
gave more detailed descriptions, and A. Arfvcdson found lithia in the mineral ; 
E. T. Svedenstierna called ‘it lithite ; and E. D. Clarke called it hertelile. 
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A. Breithaupt described a mineral from Elba, anil called it cantor— after Castor in 
heathen mythology. G. Rose showed that castor and petalite are similar, and 
A. des Cloizeaux showed thatr they have the same optical properties and cleavage. 
Analyses were made by A. Arfvedson, C. G. Gmelin, R. Hagen, C. F. Rammelsberg, 
A. Breithaupt, W. S. von Waltefshausen, K. Sonden, F. W. Clarke, J. L. Smith and 
G. J. Brush, and P. von Jeremejeff. A. des Cloizeaux showed that petalite is in 
some respects like spodumene, and C. J’. Rammelsberg assumed that the two 
minerals contained different proportions of the two'silicates,Li2Si206andAl2(Si205)3. 
C. Doelter discussed the relation of petalite to spodumene, and he considered that 
the idealized mineral was best represented by the formula Li2Al28i2o024 ; and 
P. Groth represented it by LiAlSiiOio, or LiAl(Si205)2, that is, lithium aluminium 
dimesosilicate. R. Ballo and E. Dittler synthesized petalite by fusing lithium 
metaluminate and silica*; and they found that it corresponds with a maximum at 
in tlie f.p. curve of the binary system, LiA102-Si02. 

Petalite. commonly occurs in foliated masses, colourless, white, grey, or tinged 
yedlow or green. Crystals arc rare, and commonly tabular. A. Breithaupt noted 
that the crystals are raonoclinic, and A. des Cloizeaux gave the axial ratios a: b:c 
--M534 : 1 : 0'7436, and j8=67‘^ 34'. ^ The (001) cleavage is complete, the. (201) good, 
and the (905) is imperfect. A. des Cloizeaux found the optic axial angle 2Zf-=86° 24'- 
86° 211' for the red ray ; 86° 28'- 86° 30j' for the yellow ray ; and 86° 42'“86° 43' 
for the blue ray. The sp. gr. of petalite ranges from 2’4-2‘5. R. Ballo and R. Dittler 
gav(^ 2‘290 for the sp. gr. of tlui glass ; ^he hardness is over 6. P. E. W. Oeberg gave 
()'236 for the sp. ht. A. Brun found the m.p. to be 1270°; and R. Ballo and 
E. Dittler gave 1370° for the m.p. of petalite from Elba. The last-named found that 
petalite between 1(K)0° and 1 100° becomes optically uniaxial ; and at 12(X)°, optically 
isotropic. R. Lorenz and W. Herz studied the relation between the m.p. and the 
transition temp. A. des Cloizeaux found the refractive index jS- L5078, P5096, 
and 1*5180 re8[)ectively for the red, yellow, and blue-rays, A. Michel-Levy and 
A. liacroix gave a-- d*504, ^ -1*510, and y^4*516 ; and the birefringence is strong, 
y-a - 0*0l‘i A. des Cloizeaux found a rise of tem}>. up to 170° 8' produced no 
appreciable change in the refractive index. R. Ballo and E. Dittler gave 1*4946 
for the refractive index of glassy petalite. The optical character is positive. When 
gently heated, petalite exhibits a faint blue thermoluminesconce. (L A. Kenngott 
found the moistened powdered mineral reacts alkaline, and if previously calcined, 
the alkalinity is less inten.se. Petalite is attacked by hydrofluoric acid, but not by 
other acids, 'fhe? so-calh'd hydroca^lorite is a decomposition product of petalite or 
castor from Elba. It occurs in needle-like crystals of sp. gr. 2*16, and hardness 2. 

It was described and analyzed by G. Grattarola,'*^® and F. Sansoni, The analyses 
agree roughly with F. W. Clarke’s formula, H.Si205.Al(0H)2, aluminium dihydroxy- 
hydronmodLsilicxUe. Vide lepidolito for lithium trialuminiim hexahydroxydimeta- 
silicate. 

Diflorent varieties of the zeolite now called natrolite— from natron, soda— were 
at first designated by an adjectival prefix. Thus, A. Cronstedt,-^ I. S. R. I. Eques 
a Born, A. G. Werner, and J. B. L. Rom6 de Plsle, spoke of the zeolites crystalHsatus, 
prismntiais, capilkris, etc. C. J. Selb designated a variety from Hogau, hogauite, 
and M. H. Klaproth, natrolite. Natrolite was at first confused with the related 
minerals mesotype or mesolite, and scolecite {q.v.), and natrolite was for a time 
called by J. N. von Fuchs, and others, soda-nmotype or sodo-Wicsofde, to distinguish 
it from lime-mesotype or scolecitc. i 

Colourless acicular crystela of nat^Iite with up to 4 per cent, of lime were referred to 
by G. A. Kenngott, and E. F. Glocker. The mineral from South Scotland was called gaheite 
— from ydXa, milk — in allusion to the colour. A red sample from Glen Farg was called 
fargitf by M. F. Neddie. The natrolite from Langesund fiortl, Norway, was called radioliie 
-by ,T. Esmark, in allusion to its occurring in radiating masses ; bergtnannite, by 
F. Schximacher — after T. Bergman— or Sprnistein, which T. Scheorer regarded as a para* 
y^rph after an unknown mineral which he called palwo-natroliU, but W. C. BrOgger showed 
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that it is an impure natrolite derived from sodalite and canormite ; and hrmcUft by P. StrOm. 
The last-named mineral was analyzed by K. Sond^n. The crocaliU of A. Kstner is a red 
zeolite resembling bergmannite. The eavite of G. Meneghhii -named after P. Savi — found 
in the serpentine of Monte Caporciano, Italy, was sliown by E. Mattirolo, A. des Cloizoauz, 
Q. Sella, and E. Artini to be identical with natrolite. ^ho iron-fuUrolUe of C. Ber^inaon, 
from the Brevik region, was supposed to have some alumina replaced by ferric oxide, but 
W. C. BrOgger showed that the iron is derived from includeii ferruginous minerals. 
T. Thomson’s lehurUite—nomed after C. Lehigit— is a natrolite from Antrim. 

Numerous analyses of natrMite have been reported.'-® They can be summarized 
by the formula Na2Al2Si30io.2ILO, but a little lime is usually j)re8cnt— cade scolecite. 
The constitution of natrolite depeiuls on what view is taken of the state of eoui- 
bination of the water -i.c. whether all or part is intrinsic or extrinsic. G. Friedel 
investigated the dehydration curve, and found the loss very slow up to 250’, but 
at 280°, the water was rapidly given off, but no break was observed in the curve. 

F. Zambonini likewise found the curve at about 100° is almost horizontal, but at 
300° almost vertical. The curve, however, continues without a break. His data 
are : 

110 * 205 * 210 * 204 " 278 " 207 " 324 " 

Wateriest . 012 0T6 0 25 0 40 0’81 157 0-41 iwr cont. 

C. Hc^rsch also made observations on this .subject. A jieculiarity is that, as lirst 
pointed out by A. Damour, the water is resorb«‘d by dehydrated natrolite, but the 
crystal does not acipiire its former transparency and firm texture. The resorlied 
water is lost at about 90'\ F. Zanibouiui likeiuid the water in the zeolites gmierally 
to that in hydrogels like silicic acid {q.v.). V> h\ Rammelsb'rg assuuuMl that the 
water is present as water of cry.stallization. 0. Fri<‘del, and F. Zambonini infer 
that the water is not an intrinsic part of the mol., and is eq. to neither the 
so-called constitutional water nor to the so-called water of crystallization. It is 
regarded as zeolitie wetter, which many consider to be either water in solid soln. 
(F. Riniu’l, or adsorbed wati^r (C. Do»*lter). G. Friedel said that the zeolitic wat(*r 
is meehariically mixed occupying the space betw<*en the structural units of the. 
crystal. The subject wa.s investigated by A. Johasen, and S. J. Thuguti. 

G. Stoklo.s.sa believed that the water is really combined in the mineral, and he con- 
sitlored that there are four hydrates represented by breaks in the rehydratiori curve 
of natrolite jireviously dehydrated at a temp, between 0° and 300''. Hence, he 
doubled the above formula, and wrote, Na4Al48i(j02oAH202. 8. J. Thugutt said 
that natrolite is to be regarded as a salt of aluminosilicic acid, H2Al20io.«H20, 
represented in the free state by pyrophillite and razumoffskyn. G. Tschermak 
assumed that natrolite is a complex containing an anhydrous silicate and silicic acid, 
Na2Al2Si20g.H2Si04 ; and in general he supfmses the zeolites to be acid salts 
with part of the hydrogen replaced by sodium, calcium, aluminium, etc. C. Doelkr 
extended this hypothesis and showed that the zeolites have a felspar or nephelite 
nucleus. E. Baschicri used a constitutioual formula in harmony with G. Tschermak’s 
views, Na2 : Si04 : (Al : Si04 : Hglg. F. W. Clarke at first used a similar formula, 
but later when he found that natrolite is tran.sformod into A]2(NH4)28i30]o by the 
action of dry ammonium chloride in a sealed tube, and that the water is not 
intrinsic, he doubled the formula and wrote : 

AI-8i04-AlC' ^/-.Al-SiaCV-AI-flHjO 

*♦ 

The investigators named above regard natrolitc/as an orthosilicate. The formula 
Na2Al2Si30io-2H20, used by C. F. Rammelsberg, and K. 8. Dana, makes natrolite 
appear to be dihydrated sodium dialuminium orthirmlicaie. P. Groth considered 
natrolite to be a metasilicate, and wrote Na2Al(A10){Si03)3.2H20. G. F. H. Smith 
and co-workers gave (Na,K)20.Al208.3Si02.2H20. 

C. Doelter ^ treated powdered natrolite with water sat. with carbon dioxide 
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in a sealed tube at 160°, and observed the re-crystallization of the mineral. 
S. J, Thugutt heated hydrated nephelite, sodium carbonate, and carbonated water 
in a sealed tube at 200°, and obtained prismatic crystals supposed to be natrolite ; 
wten potassium carboivite was ^ed in place of sodium carbonate, poiash'natrolite 
was formed. J. Lemberg also found that there is an exchange of potassium for 
sodium when a soln. of potassium carbonate is allowed to act on natrolite for a few 
months ; the action is reversed by sodiiAn carbonate. The formation of natrolite 
in nature has been investigated by J. E. Hibsch, A. Pelikan, A. Brun, C. N. Fenner, 
etc. 

Natrolite is colourless, white, grey, yellow, or red. It is not commonly found 
massive, but it often occurs in masses of radiating fibres with a silky lustre, and 
also in slender prismatu; crystals. J. N. von Fuchs and A. F. Gehlen 3i regarded 
the crystals as rhombic ; G. Rose, as monoclinic ; and later, G. Rose and P. Riess 
found them to be rhombic. W. C. Brogger gave for the axial ratios of the rhombic 
crystals a: b: c=0 97852 : 1 : 0‘35362. Observations were also made by E. Artini, 
0. Luedecke, G. F. H. Smith and co-workers, S. Richarz, J. E. Hibsch, R. Gorgcy, 
G. Oesaro, A. Scheit, and G. B. Negri, S. J. Thugutt obtained what he regarded as 
a monoelinic form of natrobte which he called efhmtrolite from Schomitz near 
Carlsbad. He found the action of silver nitrate (mixed with some potassium 
cliromato) to bo far more rapid than is the case with rhombic natrolite. It is also 
suggested that natrolite is derived from nephelite, and epinatrolitc from haUyne. 
A. von Lasaulx, and W. C. Brogger also observed monoelinic forms with, according 
to the latter, the axial ratios a:b: c=l'0165 : 1 : 0’35991, and j9=^89° 54' ; and 
S. Kreutz, 0*97853 : 1 : 0*35362, and j8™90°. The monoelinic form is isomorphous 
with scolecite. The relationships have been discussed by S. Kreutz, and 
G. Tschermak. Some of the rhombic crystals can be regarded as monoelinic twins. 
The twinning has been discussed by C. Stadtlander, V. von Lang, and 0. Luedecke. 
The cleavage parallel to the (llO)-face is perfect ; and that parallel to the (OlO)-faco 
is imperfect, perhaps only a plane of parting. The plane of the optic axes is parallel 
to the (()l0)-face ; the optic axial angle is large. W. C. Brogger gave 2Ho~6r 29'- 
62° 25J' for lii-light ; 61° 37'-62° 41' for Na-light ; and 01° 46'- 62° 50J' for Tl-light ; 
2Ho---ll8° 8' 121° r for Li-light; 118° 2'-120° 47' for Na-light; and 117° 53'- 
120° 24' for Tl-light; 2E -98" 7J' for Li-light, 98° 58' for Na-light, and 99° 34' 
for Tl-light ; and for 2F, 60° 51'-62° for Li-light ; 61° J'- 62° 291' for Na-light ; 
and 01° 13j'-02° 39J' for Tl-light. B. Mauritz gave 2F-^6()°. Obst'rvations were 
also made by K. Zimanyi, E. Artini, and E. Palla. For red light. A, des Cloizeaux 
found that 2E changed from 98° 33' at 8 8° to 95° 0' at 1()5 5° ; and with another 
sample, from 98° 58' at 15° to 90° 55' at 307*9°. 

'The sp. gr. of many of the samples analyzed were determined, and the results 
range from 2’2-2’5 ; the hardness is 5 or just about 5. J. Joly gave for the sp. ht., 
0*23689 -0*23819 between 11° and 100°. F. Rinne showed that when heated clear 
crystals of natrolite become turbid as the water is evolved, but they become clear 
again when dipped in oil. 'The optical properties of dehydrated natrolite corre- 
spond with that of a monoelinic substance which he called metanatrolite. No 
change in the geometrical form accompanies the mol, change. For the action of 
heat on the water-content of natrolite. vide sujyra. G. 'Fammann found that in 
an atm. with the vap. preSs. of water p mm., the percentage loss of water from a 
sample of natrolite with 10*4 per cent, of water was : 

p . . . . U*5 12*3 9*1 2*1 0*4 mm. 

Loss .... 0*21 0*26 0*39 0 61 0 79 per cent. 

0. Mulert found the heat of soln. in dil. hydrofluoric acid to be 0*5446 Cal. per 
gram ; and the heat of formation, 95*76 Cals. The indices of refraction for Na-light 
by K. Zimanyi, A. des Cloizeaux, H. C. Backlund, B. Mauritz, W. C. Brogger, 
and A. Pelikan ranged from a~ I *47543-1 *47813 ; j3=l *47897-1*48080 ; and 
y - 1 *48866- 1 *49047. S. G. Gordon gave a= 1*480, |3-~1’482, and y= 1*493, with 
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y— a=0’013 — mde thomsonite and scolecite. The corresponding birefringence is 
y— a-=0‘0008, y—j3— 0 0004; /3— a— 0*0004. 0. B. Boggild found the double 
refraction of natrolite to bo rather strong, almost 0*01 ; and the extinction 
parallel. J. Konigsbcrger and W. J. Muller foipid the index of rcfrai'tion and 
birefringence were not perceptibly changed by digesting natrolite in a 25 per cent, 
soln. of potassium chloride. The optical character of natrolite is positive, 
E. Engclhardt found the crystals exhibit a yellow fluorescence. W. W. Coblentz 
found the ultra-red transmission spectrum of natrolite showed the presence of 
water bands in their usual positions ( 1 . 9, 10) ; and in the ultra-red reflection 
spectrum, there are maxima at 9*05/i, 9*5/i, and lO Obfx beyond which the relh’ct- 
ing power remains higher up to 12/i. G. W. Hankel examined the pyroelectric 
qualities of natrolite ; and 0. Weigel, the electrical conductivity. 

Natrolite adsorbs moisture from the atm., and this the more the finer th(' state 
of subdivision of the powdered mineral. S. J. Thugutt^- could find no relation 
between the newly adsorbed water and that already contained in the mineral. 
The amount adsorbed is a function of the grain-size or surface tmergy, the ])artial 
press, of the moisture in the atm., and the time of exiwsure. This subject was 
also investigated by W. F. Hillebraud. Powdered natrolite moistent'd with water 
was found by G. A. Kenngott to have an alkaline reaction ; and A. Damour found 
that the soln. obtaiiu'd by digesting dehydrated natrolite in water has an alkaline 
reaction. G. Steiger found that by digesting 0*5 gnu. of natrolite in 50 c.c. of waf er 
at 2r for a month, 0*30 per cent, of alkali was dissolved by tin; water ; 15*79 per 
cent, remained in the mineral. C. Doelter, and S. J. Thugutt madi' observations 
on this subject. J. Lemb(*rg found that 8*37 jier cent, of soda was removed from 
natrolite by 687 hrs.' digestion with water at 250". C. H. A. Eichhorn found that 
a soln. of calcium chloride has but a slight action on natrolite. 8. J. Thugutt 
studied the action of soln. of potassium and sodium carbonate, potassium and 
sodium chloride, and calcium chloride on natrolite, and found that part of one alkali 
is replaced by the other. A. Giinther-Schulze found that 93 per cent, of the sodium 
can bo replaced by silver when natrolite is immersed in a soln. of silver nitrate. 
The diffusion constant of the sodium is l*48XlO~^^8q cm. per sec. K. Dalmcr 
found that part of the sodium is replaced by ferrous iron when natrolite is digested 
with a soln. of ferrous sulphate. G. Steiger likewise found a replacement of sodium 
by silver or thallium occurs when natrolite is digest<‘d with a soln. of silver or 
thallium nitrate. F. W. Clarke and G. Steiger examined the elfect of ammonium 
chloride on natrolite at 350". Wlien treated with acids, natrolite decomjioses 
with the separation of gelatinous siUca. V. P. Smirnoff studied the action of 
humic and crenic acids on natrolite. The elfect of natural agents on natrolite has 
been discussed by J. K. Blum, C. R. van Hise, G. Sillem, G. Tschermak, C. Doidter, 
and S. J. Thugutt. 
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Txchcrnuik'x Mdt., (2), 11 . 327, J. l^mUTg. Zeit. deut. g<ol (kx., 28 . 551, 1870 ; 39 . 680, 1887 ; 
40 . 042, 1888 ; Proc. Sue. Science IFarwui, 6. 055, 1913 ; J. R. Blum, Die Pxi udomorphoxen dex 
Mim ralreich-ji, Stuttgart, 1 . (K). 1843 ; C7 R. van Rise, yl Treatise on Metamorphum, WashingLui, 
334, 1904; G. Tsehermak, Silzber. Akad. Wun 47 . 117, 1H03; A Gunlhor-Schulze, Ztd. phyx. 
Chem., 89 108, 1914; V. P. Sinirnolf, The Influence of Iltmux Compoundx on the. Weathering of 
Aluyninoxilicutes, Kharkotf, 1916. 


§ 43. The Felspars 

Felspar is a class, name for a group of related minerals. They are the most 
important constituents of rocks ; indeed, Fa W. Clarke \ estimated that nearly 60 
per cent, of the material contained in igneous rocks is felspar. A system of 
classifying rocks has been based on the particular type of felspar they contain. 
This important mineral species does not appear to have been particularly noticed 
by the earlier writers. G. Agricola probably alluded to felspar in saying sikx ex 
eoktu ferri facile ignis elicitur — ex cubis alitsque Jiguris intersedis constans ; 
J . G. Wallerius referred to it as white, grey, and red feltspat, and spalum pyrimachum ; 
and A. Cronstedt, sisfdlispat, and spatum scMUans. The scholars are not certain 
if the “ feld ” is derived from Fek, a rock, as R. Kirwan, and M. H. Klaproth 
apparently assume in respectiv^y calling the mineral /ci«par, and Felsspalh, because 
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of its common occurrence in granite rocks ; or from Feld, a field, in allusion to 
crystals being found scattered on the ground in some parts of the country. 
C. Hintze’s view is that the JfeZd is the result of mutilating an old word in order 
to adapt it to the popular mind. The original word cannot now be traced. The 
t8rm Feldspar is used ia Germa<ny, and felspar in England. 

J. B. L. Kom<^ de ITsle mentioned seventeen varieties of felspar, but designated 
by special name only pierre de Labrador. G. Rose attempted a classification of 
the varieties known in 1823. The list has been extended and may now be taken to 
include the following idealized types. There are a ftumber of varieties to some of 
these types. These may be arranged in two groups :~ 

I, Trisilicates.— 'niii empirical composition of these felspars corresponds with 
K20.Al203.CSi02, or KAlSi-jOg. It is, however, extremely rare to find a potash 
felspar without some accompanying soda, and conversely. Some lime is also 
usually present. These felspars include the artificially-prepared lithia-fehpar, 
riibidia felspar, and ccesiafehpar : 


Votash-jeUpar, KAlSijOg 

iSoda-Jdspar, NaAlSijOg . 

Soda-potaifh-JelHpars (NajK/AlSi^O^ . 
Or; Ab«l : 0-4; I . . 

4: 1-3:2. 
3:2-l;l. 
1:1-1:4. 


Monoclinie 
Triclinic . 
Monoclinie 
Triclinic . 
Triclinic . 
Monoclinie 
Monoclinie 
Monoclinie 
' Monoclinie 


Orthoclase (Or) 

Microcline 

Bahbierite 

Albite (Ab) 

Anorthoclase 

Adularia 

Amazonite 

Perthite 

Loxoclase 


II. Disilicales.- -Tiiese are ty|)ified by anorthite, ('a0.AL0;}.2Si02, or 
0aAl2Si2Og; and possibly the artificially-prepared .soda-anorthitc^, Na2Al2Si208 : 

i^oda-anorthite, NttjALSiaOg . , Triclinio . . Caunegieite (Cg) 

Lime-felspar, Ca.^ljSijjOg . . Triclinic . . Anorthite (An) 

Baryta-Jdspar, liaAl^Si-iOg . . Monoclinie . . Celsian 


Mixed di- and trisilicates are typified by a whole series of isomorjthous mixtures 
of the alkali trisilicates, and alkaline earth disilicates. 


Limosoda-felapars, Ab : Anc=6 ; 1—3 : 1 Triclinic 
3 ; 1 — 1 : 1 Triclinic 
1 : 1 — 1 : 3 Triclinic 
1 : 3 -1 ; 6 Triclinic 
Mized-felspar, Cg : Ab : An . . Triclinic 

liaryta-potaah-JeUpar, (K 2 ,Ba)Al 2 Si 40 g Monoclinie 


Oliqoclase 

Andesine 

Labradorite 

Bytownite 

Anemocsite 

Hyalorhank 


The classification here given for the soda-potash-felspars, and the soda-lime- 
felspars is due to G. Tschermak.^ The subdivisions are quite arbitrary. Others 
for the soda-lime-felspars have been proposed by M. Schuster, and J. D. Dana. 
The artificial lithiafelspar, rubidia felspar, cmiafelspar, strontia felspar, magnesia- 
felspar, lead felspar, zinc felspar, potash-anorthite, and femc-orthoclase, which are 
mentioned below, are not included in tlio table. 


Ordinary potash-felspar occurs in crystals or cleavable masses. The rectangular 
cleavage of some felspars suggested to K, J. Haiiy * the narrie orlhose — from opOoT, 
straight, A. Breithaupt, for a somewhat similar reason, called it orthoclaae — from opdos, 
straight ; and wAao), to brook. A cleavable glassy felspar from Drachenfels was described 
by C. W. Nose, and called by J. J. Noggemth sanidine — from aavL, a tablet — in allusion 
to its usually occurring in tabular crystals. l\i. H Klaproth showed that sanidine is 
ohemioally the same os orthoclose, i'he ice-spat of A. G. Werner belongs to the some 
mineral species, G. Kose found tliat the mineral from Monte Soma v'hich he called ryacolite 
or rhyaroliie— from gtfaf (lava), stream ; and Xidoi, a stone— is glassy felspar mix^ with 
some nephelite. E. Pini described a felspar from Adula which he called aditlaire, and 
which is now called adularia, after A. G, Werner’s suggestion. From L. A. Emmerling’s 
and G. A. Kenngott’s observations, Adula formerly includefl a more extensive area than it 
does to-day. xVdularia is transparent, cleavable, and often has pearly opalescent reflections 
exhibiting a play of colours like labradorite. The 8o-(Med moonstone, pierre de lune, or 



SILICON 


663 


Mondstein is a variety of adularia, aibite, or oligociase. J. C. Delaincitherie called it 
he^atolite — from (kotti, the moon. A. Breitliaupt found a mineral which he called mlmct- 

anite in a silver mine at Valenciana, Mexico. It was adularia. Other names setan to ha\'e 
been given to orthocl^ or microcline more or less at random— A. Breithaupt’s /xjro- 
doxile from the tin mines at Marienbeig is orthoclnse with very little soda ; according 
the analyses of \V. Schuler, the mineral paiadoxito from Euba, Saxony, is a potash felspar. 
A. Breithaupt’s cottaite, from Carlsbad, Bohemia - namecl in honour of B. von Cotta - 
is greyish-white orthoclnse; and his mtddaa, Irom Mulda, near Freilx'rg, was shown by 
C. F. Rammelsberg to be ordinary orthwlase.* An orthoclnse found by F. V. Hayden near 
Baltimore was called nccronite—from vtKpos, a corpso^-in allusion to its ftvtid odour when 
struck. E. D. Clarke’s leelUc is a flesh-red orthoclnse named after J. F. Leo ; J. 1). Dana's 
cheMerlite from Chester Co., Fenn , is a miorocline. Other ortboclases are 0. .lenzsch’s 
weuHigite from Weisaig, near Dn'sden ; 1. Lea’s /cmn/ib from Lenni, JVnn., and hia deUiiumte 
from Lenni, which have a pearly lustre: and T. Thomson's irythritc -iroiw ipvdpos, n>d. 
W. Phillips called a flesh-red felspar resembling perthite, murchiMonile—m honour of 
R. 1. Murchison. It was obtained at Dawlish and Exeter. N. von NordcnskjAld applu^il 
the term lazur-Jdt>par to a felspar with tho clenvago of orthoclnse accompanying the lapis- 
lazuli of Lake Baikal. A. Bri'ithaupt called the orthoclase from Hammond, New York, 
loroc/cwf — from Ao^dv, transverse; and kAo'oiv, fracturtv-m allusion to tho peculiar 
cleavage parallel to tlie orthodiagonal section. J. L. Smitli and (1. J. Brush ivganh'd it a.s 
a sanidme ; and A. des Cluizeaux as a mixture of orthoclaso and albite laimnatioiiH Tho 
so-< alled nu)v*tone, pmre de. solnl, or Nonnenshm, was shown by '1'. Scliecrer, and A. des 
Cloizeaux to bo an avonturmo-orthoelaso, lUiscH-iated with albito or oligociase 
J. C. Delnmdthorio culled it hehohte - from fjAtoj, the sun. 1. idea’s (WniuUe is an 
aventurine-felspar from Lenni, Penn. T. Thomson’s perthite, fnan Perth, Canada, was 
shown by T. S. Hunt to be a soda-potash felspar, and A. Breithaupt, U. A. Kemigott, 
and 1). Cerhard showed that it consists of interlaminations of albite and orthoclaso. ►Similar 
perthitea were descnljed by A. Strong, H. Crodner, (J 'J’schermnk, F. Mann, J, H. Kloos, 
G. VVoitachach, etc. When the laminations are visible only microscopically, F. J^ock calleil 
it vncroperthxte ; the.so minerals were examined by A. W'. Stelzner. The name mirrochne 
— from piK-pdf, a little ; and K-AiVctc, to incline— w'Ofl given by A. Breithaupt to felspars 
whicli have a slightly larger angle betw'een the two cleavage plaiie.s than tlio 1K)“ charactorist ic 
of orthoclase. G. Forchliammer applied the tonn krabltfe to a mineral from Krabla, or 
Krafla, Iceland, and G. FImk called it krajixte. G. Forchhainincr called a pearly iriiiu'ral 
from Baula, haulite. J’. Schirlitz, F. A. Gonth, H. Backstrom, etc., studied this rninerul; 
and G. Flmk rt'gnrds it us a liparito rock containing orthoclase, quartz, etc. A. ties 
Cloizeaux showed that while orthoclaso is monoclinic, tho microclines are triclinic, 
A. Breithaupt propo.sod the term feltiUe in place of felspar, and he suggested calling the 
non-imcroclmic felsito by tho tenn peginatohk. J*. Mann, and C. T. Neubuuer called pert hite 
formed by tho intorlammutions of microcline and albito, microeUne-perlhitc. W. C. Brhgger 
investigated the otthoelane-imcroperthite, the mnroehm-imeroperthite, and microperthiti's of 
other felspars. The.se are often characterized by a nmrkoil schillenzution. He assumes 
that the schiller i.s caused by lainination.s of the two felspars so extremely fine that they am 
not discernible by the microscope. He called the.se cryptoperihUes. A. Breithaupt called 
the Amazon felsite arnazonite. This is a bright, verdigris-groiMi, micioclinio felspar also 
called amazon stone or pier re des amizoneA. It occurs m Ural, anil {South America. A. des 
Cloizeaux, and N, von Kokscharofl &s.s(miod the existence of two umazoniteH, one corre- 
sponding to orthoclase, tho other to microclmo. 

The srluirl blane of J. B. L Koinii de I’i.slo * was probably soda-felspar, likewise also t he 
krummbldttentjef Feldsjiaih of L. Hmlenberg. It was called albite from albas, w'hite by 
J. G. Gtthn and J. J. Berzelius in iHlfi, and the mineral was analyzoil by V. Eggi^rtz in IHlti. 
(L Rose regarded albito as an independent spiK-ies ; and A. Breitluuqit proposed teiartin 
for the name of soda-fcLspar in allusion to the totartoluxlral terminal faces. He also ap[)lie(l 
tho term peridme to a variety from tho Alps- from TrcpocAtvijy, steep- in allusion to 
“ the marked inclination of the terminal faces to tlie first lateral.” I'oricline was analyzed 
by C. G. Grnelin. H. Tliaulow, and W^. Haidinger showed that perieline and albito are tho 
same. Tho subject was also discu.ssed by F. M unzing. A white lamellar albito from 
Chesterfield, Mass, was named lieavelandite- t^ter I*. Cleaveland- by H. J. Brooke, A 
blackisli -green albito from .Arendal was named by A. Brcitlmupt, hyposrkrite- -from vuo, 
under; and cxAiy/sis, hard- in allusion to its Huftiioss. C. F. Rammelsberg said that 
5 per cent, of pyroxene is present. T. Thomson applied the term pensterite— from irtpiortpa, 
pigeon —to a white albite from Villeneiive, Canaila. Tho name refers to tlio fanciful 
resemblance of its iride^'ent colours to those on fho neck of a pigeon. T. Scheerer called 
an albite from Snanirn, Norw'ay, olafUe. The nature of this mineral was diseuRse<J by A. des 
Cloizeaux, A. iireitliaupt, and C. H. Schneidhauer. O. L. Erdmann analyztnl a Norwegian 
albite ; C. F. Rammelsberg eallecl it sigtestte (not sxifterile) because it came from Sigtesb 
(not Sigtorio) island, Langesund fiord, and C, A. Tenno show’ed that it is a mixture of 
albite and eudialyte. H. S. W’oshirigtori places sigtesite in the plagioclase series betwe<‘n 
andesite and oligociase, but wit[i soda-anorthite (camegieitoj in place of anortblte. 
A. Breithaupt colled a mineral from Andreosberg, Harz, zygadite—irom (wydSTjv, in pairs 
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M. E. Denaeyer regarded microcline as being forgied from three components in 
solid solii. B. Gossner writes for albiteSi03Na2[Si02,Al203]4Si02,and his hypothesis 
is also based on a kind of co-ojdination plan which offers no particular advantages 
— vide infra. B. Niggli represented albite by 

[Al(Si 04 Si 02 SiO,) 3 ]^'^"^ 

and E. T. Wherry by NaAlfSiaOg). Maiif other suggestions have been made and 
are indicated l)y reference in the discussion on the general formulae for silicates. 
Tln^ impnsssion obtained is that the arrangement oi formulae consistent with the 
valencies of tlie atoms is rather a test of man’s ingcmuity than a representation 
of the orientation of the atoms. F. Rinne has obtained X-radiOgrams of sanidine 
and albite, and his interpretation of the results for orthoclase and albite is shown 
in Fig. 139, where R represents an atom of potassium or sodium. This result 
indicates that the- formula of felspar, RAl(Si303), may have to b(; written 

HAlSi(Si20^) orRAlSi(Si 04 ) 2 . 

A. Riviere sai<l tliat the diib‘n‘nt kinds of felspar cannot be sharply distinguished 
from on<‘ anoth<T, but ])ass gradually one into the other. V. F. Rammelsberg also 
considered that the, felspars should be regarded as an isomorphous family, and 
not us individual sjujcies. (J. Rose expressed a similar view. He said that soda- 
felspar passes into potash-bdspar by the simphssubstitiition of potassium for sodium. 



Kro. 139. - - Stereocluniiical Fio. 140. -Fu.mon Curve of Binary iMixtures 

Sfhoiuo for the M<tl('culeH of Albite and Orthoehuse. 

of Potash- and Sixlu- 
fi'lspaiu 

H. Fdrstner described The native soda-orthoclases or anorthoclases, and their pro- 
perties have been studied by F. Foiique, C. Riva, and G. de Lorenzo and C. Riva. 
Homogeneous mixtures of the two , felspars are found only in volcanic rocks ; in 
other cases, according to W. Ch Brogger, the mixture appears as cryptoperthite, 
or, according to F. Becke, as micropertbitc. J. H. L. Vogt, and J. A. Douglas have 
made some observations on the m.p. of orthoclase and albite. E. Dittler obtained 
a curve approaching that indicated in Fig. 140. The dotted bne represents the 
beginning of the melting, and the continuous line, the temp, when all is melted. 
There is a minimum in the curve corresponding with 56-60 per cent, of albite or 
44-40 per cent, of orthoclase. There is no sign of the formation of a definite com- 
pound of the two felspars.--^. Fig. 157. *J. H. L. Vogt assumed that the m.p. curve 
would represent type V ( 1 . 10, 2), but E. Dittler ’s result, Fig. 140, corresponds with 
Type III. Felspars between the bmits Of : Ab=72 : 28 and 12 : 88 give no 
evidence of the formation of mixed otystals. 

The monoclinic alkali -felspars are common in the more siliceous plutonic rocks — 
for example, orthoclase, muscovitcj and quartz are the minerals most conspicuous 
in granites. There is also a tendency for the plagioclase to appear in the less 
siliceous rocks like the gabbros and basalts, and for the felspars to approach anorthite 
as the proportion of silica in the rock decreases. W. Lindgren reported orthoclase 
as a gangue mineral in metalliferous mineral veins ; add R. A. Daly found albite and 
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orthoclase in sedimentary limea^ones and dolomite. It is inferred that the felspars 
are here of aq. origin, and in the calcareous muds, it is supposed to have been 
formed below 100°, probably below 70°. J. de Lapparent supjiosed that algic an^ 
responsible for the formation of some small crystals of albitc which he found asso- 
ciated with the remains of alga3 and forammi/era. Orthoclase has not befm 
reported in meteorites. 

The synthesis of the alkali-felspars. Attempts to prepare crystals of alkali- 
felspars by the simple fusion of a mixture*of the constituents always furnish a glass. 
A. L. Day and P]. T. Allen suggested that the viscosity of the alkali-felspars im- 
pedes their crystallization in a practicable time. L. Appert and .1 . Hmiri vaux lu'at ed 
glass for a long time in an annealing kiln near the softening temp., and claimed to 
have made microlites of felspar. S. Meunier devitrified natuial glasses, but, accord- 
ing to P\ J’ouque and A. Michel-Levy, no felspar was pr#duc(‘d. S. Meunier also 
reported orthoclas(‘. to be formed by the action of silicon tetrachloride on aluminium 
and potassium hydroxides, but P\ P'ouquo and A. Miclnd-LiWy regard this as non- 
proven. A. Brim claimed to have crystallized orthoclase glass by the actum of 
fiuoriferous vaj). If an wjent minemlizateur be presmit, crystallization Jiiay oi-ciir. 
P'or e.xample, J. Lenarcic found tliat albitc may be recrystallizt'd when fii.scd with 
half its weight of magnetite; a mobile liquid* is thus formed within which crystal- 
lization can readily occur. P. Hautefeuille heateil a mixture of an alkaline sod mm 
aluminosilicato and tungstic oxide to 9(X)° -1000°, and obtained albitc, and ortho* 
clase was formed when potassium aluminosilicate was sul)stitut(‘d for the sodium 
salt. A mixture of silica, alumina, and pohissium tungstate also gave orthoclase ; 
and a mixture of potassium aluminosilicate, and alkali ]>hosphate and tiuoridi^ 
gave orthoclase and quartz. C. Doelter also obtained potassium-felspar by 
fusing a mixture corresponding with KA18i04, and jiotassium fluoride and fluo- 
silicate. A. L. Day and E. T. Allen heated a mixture of powderc'd albite glass and 
sodium tungstate. They found that the fragnumts of glass became crystallirui 
without changing their form, indicating that the transformation occurred without 
dissolution of the material ; on the other hand, K. C. Wallace observed that the 
crystallization at the zone of contact of the albite with the sodium tungstate is 
greatly accelerated, but the velocity of crystallization in the interior of the glass 
is not greatly atfected. G. W. Morey and N. L. Bowen found that artificial crystals 
of orthoclase could be obtained by heating the glass and water vap. m a bomb. 
¥. Fouqiie and A. Michel-Levy attempted to prepare artificial rocks containing 
orthoclase, but they succeeded only in producing plagioclase. K . Petrasch obtained 
albite in artificial rocks. K. Bauer obtained plagioclase by melting granite and 
Vesuvian lava ; but both plagioclase and orthoclase were produced by mi^Iting a 
mixture of granite, sodium chloride, and pqtassium tungstate. J. Morozewicz 
heated various mixtures of the comjiosition of trachyte rocks, and obtained no 
orthoclase, but he obtained an artificial liparite containing quartz, biotite., and 
sanidine when the liparite mixture and one per cent, of tungstic oxide was heated 
U days at 800°-l()00°. J. F. L. Hausmann, C. M. Kersten, A. Gurlt, A. Breithaupt, 
G. vom Rath, C. J. Heine, F. Zincken, J. T. PrechtI, H. Avich, and (I F. Rammels- 
berg observed orthoclase crystals in blast furnace slags. G. V. W ilson observed 
the formation of felspar by the action of molten glass on bricks. 

The alkali -f(;ls pars seem to be produce(Lmorc easily by hydrothermal processes. 
C. Friedel and E. Sarasin produced quartz and orthoclase by heating gelatinous 
silica, precipitated alumina, potassium hydroxide., and a little water in a steel 
tube at dull redness ; and a mixture* with t he«com position of albite with an excess 
of sodium silicate furnished albite when trealed in a similar way. K. von ( hrust- 
schofl also obtained quartz and orthoclase by heating a mixture of dialyzed silicic 
acid, alumina, and potassium hydroxide at 3(X)° for several months. W. J. MUller 
and J. Konigsberger obtained orthoclase by heating aluminium hydroxide with 
potash water-glass in the presence of carbon dioxide. C. and G. Friedel obtained 
orthoclase by heating muscc^ite. potassium silicate, and water at 500°. The 
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critical temp, of water is near 366^ so that it is proh^ible that steam acts as a gaseous 
agml minSralizatPur, discussed by P. Niggli. E. Baur heated variable amounts 
of water, ainor])hous silicic acid, and potassium or sodium aluminat^ in steel 
tubes for several hours at 520^. Orthoclase and albite were obtained only from 
80 *ln. containing an cxcd^s of base. The r(‘.8ults are sunirnarized in Jigs. 141 and 
142. In his study of the binary system, NaAlSi 04 -KAlSi 04 , N. L. Bowen found 
that the sodium compound occurs in two cnantiomorphous forms, nephelite and car- 
negieite, with an inversion point at 1248^* The higher temp, form, carnegeite, melts 
at 1526'. The potassium compound also shows tw6 forms : kaliophilite, isomor- 
phous with nephelite, and a rhombic form with twinning, like that of aragonite. 
The rhombic form is apparently stable at temp, above 1540°, and melts at about 
1800°. Th(i potassium compound has a eutectic with carnegieite at 1404°. With 
nephelite, it forms an itnbroken scries of solid soln. It is concluded, therefore, 
that NaAlSi ()4 and KA18i04 are th(5 fundamental mols. of natural nephelite. The 
|)resen(;e of calcium and of exce.Hs of silica in the natural mineral is explained by 
th(! solid soln. of the albite, NaAlSisOg, and anorthite, CaALSioOg, mols. 

W. Vernadsky detected lithium, rubidi\im, and cu’sium in many fels])ars, and 



Fio. Ul. — The Ternary System, 
IVijO-AljOj-SiOj, ill the Hydrothermai 
Jleactioii at 520"'. 



assumed that, these elements witc present as felspars in solid soln. He synthesized 
mhidia-fiispar. P. Barbier found rubidium and lithium in 25 orthoclases and none 
in 10 inicroclines. Hence, he suggested the testing for the presence or absmice of 
these elements as a chemical means of distinguishing inicroclines from orthoclases. 
W. Vernadsky aud E. Kevoutsky,*liowever, showed that the test breaks down. 
Many inicroclines do contain these elements. H. Ramage confirmed this. 
W. H. Hillebraud found lithia in some inicroclines. A. de Gramont found rubidium, 
coosium, gallium, and thallium in the microclines from Madagascar ; W. Vernadsky 
also found thallium in some orthoclases. E. Dittler made some felspars which 
contained lithia-felspar, rubidia-felspary and cmia-Jelspar. The lithia, -felspar, 
LiAlSisOy, obtained by R. Ballo and E. Dittler by fusing a mixture of lithium 
metaluiuinate and silica in the right ^proportions melts at about 1250° -vide 
lithium aluminium nmsotrUilimte. P. Hautefeuille aud A. Perry heated a mixture 
of silica, ferric oxide, potassium vanadate, and nitrate at 700°, and obtained iron 
leucite, and ferric-orthoclase whose cympositnAi corresponds with KFeSisOjj. 

The phykeal properties ot the alkali-felspars. — The purer felspars are trans- 
parent and colourless. As T. Scho^rer 12 indicated, the coloor of many felspars is 
due to the presence of various inclusions which act os pigments ; these may be 
microscopic or submicroscopic. The opacity of felspar crystals may arise from a 
multitude of inclusions. The yellowish, pink, and red tints usually come from 
iron oxides, although after calcination the red Swedish and Norwegian felspars 
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often have a whiter colour than#, he white Canadian felspars. The pinkish felspars 
are usually potash-felspars, though some albites have the same colour. (Jreon 
colours are presumably derived from ferrous silicate inclusions, c./;. chlorite ; but 
in some cases the cause of the colour is not known— vide infra, schillerization. The 
pearly bluish opalescence of Singalese moonstone may due to the lamination 
of different felspars ; to inclusions ; or to decomposition ; .it is most conspicuous 
when turned towards the observer. A. jjes Cloizeaux attributed the green colora- 
tion to copper compounds, but K. Erdmann said the colour is more likely to be 
organic matter since the green felspar becomes white when calcined. Dark grey 
felspars owe their colour to innumerable dark -coloured inclusions or minute part icles. 
These are common in the lime-felspars. 

The crystals of the alkali-felspars were examined by J. B. L. Borne de ri8l(‘,J=^ 
E. Bini, C. S. Weiss, G. Rose, A. T. Kupffer, J. J). Mackenzie, K. Schlos.sjnacher, 
etc. The general results showed that the crystals belong to the inonoclinic 
system ; and N. von Kokscharoff gave for the axial ratios of orthoclase a :h:c 
^0-6585 : 1 : 1 : 0 5538, and 56' 46". The crystals of plagioclas(' and 

anortliitc belong to the triclinic system, and since most of these contain a})preciable 
quantities of potassium in solid soln., it must be assumed that monot'linic ortho- 
clase can form isomorplious mixtures with'triclinic plagioclase, or that ])olash- 
felspar is dimorphous. In 1876, A. des Cloizeaux showed tliat many iK>t ash- 
felspars are optically triclinic, and he grouped these under the nam(‘ mieroeline. 
About the satne time, on account of irregularities in angles and cleavages, E. Mallard, 
and A. Michel-Levy suggested that if the cross-twinning and intt'rpenetration of 
mieroeline he so ininuti' as to be invisible under the microsco})e, the crystals would 
appear to be monoclinic and possess all the optical properties of orthoclase' ; other- 
wise expressed, ordinary orthoclase is (ixtreim'ly hiudy lamellat('d mieroeline, If this 
actually be the (;ase, then orthoclase would be ps«‘U<lo-monoclinic, but in reality it is 
triclinic ; and the felspars, as a class, are all triclinic. This question has givej» rise 
to much duscission by A. Michel-Levy and A. Lacroix, W. Br()gg('r, P. Groth, 
H. Brauns, IL Fbrstner, F. Klockmann, F. Kinne, A. lieiitell, J. Ja'hmann, F. heeke, 
J. 11. li. Vogt, etc. IL A. Miers, J. 1). Dana, H. Rosenbusch, C. Doi'Iter, F. Zirkel, 
and G. Tschermak regard potash-felspar as dimorplums with inonoclinic ortho- 
chise and triclinic mieroeline. V. Hintze regards pot ash -felspar as ('xelusively 
triclinic with orthoclase as a pseudo-monoclinic form. According to F. Klockmann. 
if orthoclase be really triclinic, the axial ratios are a:h: e {)-64!)5 : 1 : 0 -5546, 
and a^90° 7', ]3- -115'' 50', and 55'. According to E. Maekinen, alkali- 

felspars with 0-30 per cent, of orthoclase crystallize triclinic at tlie Iiighest temp., 
and those with 30-l0t) per cent., monoclimc. 

The crystals of albite were examined by G. Rose, G. vom Rath, M. Schuster, 
B Krebs etc. A. des Cloizeaux gave for the axial ratios of the triclinic crystals, 
a:6:c-b'63347:l :0-55771, and- a 94‘' 3', j3-- l!6" 28, and y 88'' 8f ; 
S. von Glinka gave 0 6330 : 1 : 0-5573, and a-94" 5', ^ 1 16" 27', and y- 88" 7' ; 
B 'Krebs 0-6352 : 1 : 0-5584, and a-94" 14-6', j3 116" 35-7', and y 87" 46-(/ ; 
C. Melczer, 0-635:1:0-5578, and a-- 94" 6', ^-116" 36J', and y 87" 52'; 
C Dreyer and V. M. Goldschmidt, 0 6376 : 1 : 0'5592, and a ^ d)4" 15', 1 16" 37', 

and y-87" 41' ; and C. Viola, 0 635 : 1 : 0-657, and a -94" 15', ^--116" 32', and 

y;=^88" 5'. • 

The monoclinic felspars with notable amounts of soda can be called soda-orfho- 
closes; here the molar proportion qf soda is less than that of the potash. When 
the molar proportion of soda exceeds that jfrtFe potash, the crystals are generally 
triclinic, and are soda-microdines, or anorthoclases. P. Barbier and co- workers’ 
analvses of some potash-soda-felspars showed {hat although the soda was in excess 
of the potash, the crystals were monoclinic— in one case only Mb per cent. KgO 
was present F. Angel described a monoclinic soda-sanidine. The monoclinic 
soda-felspar was called barhieriie by W. T. Schaller. It therefore appears that 
soda-felspar and potash-fels'par are dimorphous. The available evidence as to 
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whether the mixed alkali -felspars are simply i^morphous or isodimorphous is 
not conclusive. H. Baumhauer, and F. J. Wiik found the corrosion figures 
obtained by treating adularia with hydrofluoric acid are characteristic of the mono- 
clinic system. H. Baumhauer also examined the effect with albite. J. Koiiigs- 
berger and W. J. Miillcf obtain(M corrosion figures with potash-felspar and water. 
A. E. Fersman found tourmaline and felspar grouped together at Mursinka, Ural 
As a rule, equidimensional crystals ^re found most frequently in potash-fel- 
8[)ar in large prismatic crystals. The microscopic crystals of potash -felspar are 
usually tabular. In the idealized crystal, Fig. 143,*the faces are M(OIO), P(OOl), 
Z(llO), a:(10l), y(201), o(llJ), and rd021) ; and the angles are IM, 59° 24'; ll, 
61° 13' ; Px, 50° 17' ; Py, 80° 18' ; and Pn, 44° 57'. These angles have been 
measured by N. von Kokscharoff, V. von Zepharovich, A. Hamberg, G. A. Kenngott, 
N. V. Ussing, A. Cathreih, A. des Cloizeaux, A. Levy, M. von dem Borne, A. Becker, 
M. Websky, G. vom Rath, R, Brauns, M. Schuster, J. H. Kloos, F. A. Quenstcdt, 
A. Beutell, F. Klockmann, G. Kalb, etc. F. Rinne, S. Kozu and K. Seto 
investigated the X-radiogram of sanidine ; S. Kozu and co-workers, the 
X-radiograms ot moonstone, and adularia — vide infra, Fig. 146; E. Schiebold, 
that of albite; and A. Hadding, tho.so of the adukria, sanidine, albite, microcline, 
mi(!ropert bite, and anorthoclaso. For deductions from the X-radiograms of the 
alkali fidspars, vide Fig. 139. The crystals show three distinct habits, (i) the 
liavcno hafyif, in which the crystal is elongated along the faces PM, Fig. 144; (ii) 
the mnidinv hahif, in which tin* crystals are tabular along M, P'ig. 145; and (iii) 
(he fuinlana hahif, in which th(^ prismatic crystals have rear hemidomes, Fig. 146. 



-—-n 0 



||L ' rj^u(||(unj 


L yllli' 1 

‘IP 1 ll‘ 

I ''' ip 

P 

Iwf'i 

' J 1 



1/ 11/ 1 1 

/ / i 

! I ll 

l/f W 

| J 

ii‘ 'v 

y o’' 




Km. U:i. - 

Kiu. 144. Ihiveno 

Kig. 145. ■ 

Fjg. 1 Iti.- - 

dtmlized Ortho- 

Habit. 

Sunulino 

Adularia 

claso Orystul. 


Habit. 

Habit. 


The crystals of felspar are usually twinned, but sometimes not twinned. The 
twinning may be in on«s two, or three directions. Sixteen diflerent modes of twin- 
ning have been observed. Some are extremely rare ; some may be chance group- 
ings. F. Scharfl has discussed Die Bameeise des Feldspaths. The three most 
common modes of twinning are named after particular localities where the first 
specimens which attracted notice were found -Carlsbad, Bohemia ; Baveno, 
North Italy ; and Manebach, Thuringia. The first two were named by F. A. Quen- 
stedt, and the last one by J. R. Blum. The second kind was described by 
J. B. L. Rome de ITsle, and all three were described by R. J. Haiiy. The twinning 
of potash-felspar was also discussed by F. Mohs, C. F. Naumann, J. D. Mackenzie, 
G. vom Rath, J. F. L. Hausmann. A. Breithaupt, G. Cesaro, G. Rose, N. von 
Kokscharoff, E. A. H. Laspeyres, G. Jschermak, J. Hirschwald, L. Calderon, 
F. Klockmann, W. MUller,* K. Haushofer, 0. Miigge. (i) In Carlsbad twinning, 
Fig. 145, the face 3/(010) is the plane of the twinning so that it truncates the obtuse 
edge of the vertical crystal. In the,diagram,^' analogous faces are indicated by a 
letter with and without a dash. J.'W. Goethe thus alluded to the Carlsbad 
twinning : « 

The individuals in the doubled crystiUs are so interlocked that it is impossible to con- 
sider one without considering the other. A description of their form is not sufficient to 
bring it to the imagination, though they may be considered as two rhombic tables united 
to one another. ^ 



SILICON 


671 


The crystals may be united as ii Fig. 147, or that diagram reversed, thus forming 
right or left-handed twins, (ii) In Baveno twinning the crystals are attached to 
the rocks at one end, and at the free-eud they show juverv obtuse angle with a twin 
suture, Fig. 148. The two individuals are united by the u(021) plane, (iii) In 
Manebach twinning, Fig. 149, two individuals are united by tin* P(tX)l) planf ; 



Imo 147 I' 10. 148,— llav(Mio Khj |4!< Maiu*- 

Carl.slmd Twill. I’win. liadi Twin 


and the base and the pri.sni faces of the normal crystal form a prominent ri'-entrant 
angle. Sometimes Manebach and Baveno twinnings are combined m a single 
group. 

The faces of th(‘ idealized crystal of albite, Fig. 150. are illustrated by ;1/(010), 
P((K)1), L(mi /(llO), /(lOf), and o(lfl), and the angle 3//^ SIV ' 21' ; Ml 
26' ; IL -59' 14' ; 17' ; PL-69" 10' ; -66" IH' ; and Px 52" 16'. 

Measurements were made by A. des (’loizeaux, F. Klockmann, S, vonClinka, etc. 
F. Scharff has wTitten Udwr dk Bauweisc von A/hifr und Periklin. The twinning 
of albite occurs according to the (’arlsbad, Baveno, and Manebach plans, but h'SH 
frequently than is th(‘ case with orthoclas(‘. The .so-calle*! albite twinning is 
exceedingly common, (iv) In the albite twinning, Fig. 151, (he two imlividiials arc 
united by the M(OIO) plane, and the faces PP' at the exposed end mak(^ an angle 
of T 12' (v) In perieJine twinning, Fig. 152, the contact plane of the individuals 



Kro. l.'iO “ Fio. 151. -Albito Kio 152 iVricline 

I (loaluod .Mbito Twin 'rwm 

Crystal. 

is nearly along the plane P, not by reflection, but rather by rotation about th<5 edge 
Px. The line of intersection of the faces MM' is not parallel to tin; edge PM, but 
makes an appreciable angle with it. 'riiis angle dejamds on the composition of 
the felspar. For instance, 

Microclinc. Anorthltc, Labradorite. Andcslnc. Oligocliwt*. AlblU*. 

-80’ ~r #0’ ^ I" i:C 27" 

The j)ericline lamell® are less common than the albite lamel):c ; but both are 
abundant and very thin in microclint:. The jjjolysynthetic twinning of microcline 
according to the albite and pericline types* is common. Fine striations by the 
albite twinning can often be observed on the bassl face. The two kinds of twinning 
may give a double series of fine lamellte nearly at right angles to one another, im 
parting a peculiar and characteristic grating structure when a basal section is ex- 
amined in polarized light. Parallel growths of albite on orthoclase and orthoclase 
on albite are common ; and# the faces MIL are approximately parallel. This 
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parallel intergrowth is readily seen in perthite ; ofiner parallel intergrowths pass 
into microperthite or cryptoperthite ; and finer still, into anorthoclase. G. Cesaro, 
G. Rose, G. voin Rath, C. F. Naumann have discussed the twinning of albite. 
Felspars usually show distinct cleavage which may be interrupted without extend- 
ing to the full length *o{ the crystal. The cleavage parallel to the (OOl)-faco 

is generally more distinct than that 



parallel to the (010)*face. Some 
laval felspars do not show cleavage 
cracks.*^ The cleavages of Carlsbad 
and Baveno twins are illustrated in 
Figs. 153 and 154. S. L. Pcnfield 
made some observations on the 
cleavage of albite ; and J. Lehmann, 
on the contraction cracks in that 
mineral. Parting is sometimes dis- 
tinct, and often parallel to the (UK))- 
face, sometimes also parallel to a 
hemi-orthodome and inclined a little 


Fi(a. IMuml ir.4 ---CI™vaKm<)t CarUiwd ana .t'"r ortliopinacoi.l producing a 
Haveno 'twins of Orthoclase satin-like lustre or schillcr. The 


jiearly opalescence or schillcr may be 
present whim the parting is not distinct. The schillcr has been discussed by 
F. E. Reuscli, N. Fukuchi, Lord Rayleigh, A. des Cloizeaux, G. vom Rath, and 
W. Cross. W. C. Brdgger assumes that schillerizatioii is produced by extremely 
firui interlaminations of albite and orthoclase not discernible microscopically as 
in cryptoperthite. Moonstone also receives its name from this property. S. Kozu 
and co-workers showed that the double arrangement of spots in the X-radiogram 
disappear at 790°, and schillerization also disappears at this temp. Hence, it is 
inferred that this property is caused by a spiicial arrangement of the space-lattices 
of two different kinds of solid soln . — vide infra. In some cases the schillcr is due 
to the interference ])henomena and reflections from minuti', inclusions arranged 
in definite jiositions in felspar crystals - c.ff. labradorite. The sunstone and 
aventurine effects arc produced by inclusions—hiematite, or hydrated ferric 
oxide— which may be epute large. The fracture is uneven or conchoidal in 
directions other than those of the cleavage. 

In most cases, the plane of the optic axes of orthoclase is perpendicular to the 
(()l0)-face, and the mirmal is inclined 21° to the c-axis ; in other cases, the plane 
of the optic axis is parallel to the (OlO)-face. With microcline, the plane of the 
optic axes is nearly perpendicular^ to the (OlO)-facc. A. des Cloizeaux found 
the optic axes of albite proper are always normal to a plane which cuts the angle 
(tX)l)I0l0), and makes with ((K)l) an angle of l()r-102°. A. des Cloizeaux found 
the optic aidal angles of adularia to be 2F-69° 43', and 2^^^ 121° 6'. The angles 
are very variable with different specimens ; and in some cases 27 is so small that 
the crystal is nearly uniaxial. The values observed for different samples of ortho- 
clase by A. des Cloizeaux, E. Goens, T. Wolf, G. vom Rath, A. Miihlheims, 
K. Zimanyi, andF. Kohlrausch range from 27-=:ir 51'-84° 26' ; and 2A'=18° 14'- 
126° 22'. For microcline^, and Na-light, N. V. Ussing obtained 2//a~87° 30' ; 
2//o'“101° 7' ; and 27 --83° 41'. For albite, A. des Cfloizcaux’s, and M. Schuster’s 
• values range from 2//a“80°-88° 50' ; and 2H<,=102°-109° 26' for the red ray, 
C. Schmidt obtained 2H~83° 45' for the Li-ray ; 84° for the Na-ray ; and 84° 18' 
for the Tl-ray. K. Zimanyi gave i7— 80° 58'. H. Forstner made numerous 
observations on the values for anorthoclases, 2E ranged from 69° 26'-89° 48' 
for Li-light; 68° 27'-d^8°27' for Na-light ; and 67° 18'-86° 33' for Tl-light.. 27 
ranged from 41° 52'-54° 40' for Li-light ; 41° 0'-53° 32' for Na-light ; and 40° 12'- 
52° 22' for Tl-light. 2Ha ranged from 41° 39'-55° 9' for Li-light ; 40° 52'-54° 19' 
for Na-light ; and 40° 12'-53° 3' for Tl-light. 2Ho ranged from 125° 14'-151° 33' 
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for Li-light; 126" 12 -152° 33' for Na-light; and 127° 21'-154° 15' for Tl-light. 
H. Fischer has made a special study of the optical properties of albite, 

A. dcs Oloizeaux found that the effect of raising ’the teniperature on the optic 
axes of niicrocline is insignificant, but the effect is vejy marked with orthoclase. Tlit 
variability of the optic axial angle with temp, indicates an unstable mol. structure 
with respect to temp. The optic axial angle of sanidino from Laach, with red 
light, was found to be 2J?— 13° at 18°, ai!d at 42° the crystals became uniaxial , 
at a higher temp., the optic ^es separated out in the vertical plane, becoming 
parallel to the (OlO)-face instead of being perpendicular as at 18°. 'I’he different 
stages of this change are illustrated by the optic axial angles of crystals found in 
nature. In another sample 


Temp 43'^ 00° 100’ 160" 190° ' 260° 302° 342-6“ 

W 0° 18° 30° 40 ‘ 40° 63° 00° 64° 


S. Kozu and co-workers represented the relation between the o})tic axial angle aiul 
temp, and wave-length of light constant, and the relation between tlu*, optical 
axial angle and wave-length and temp, constant, by a series of curves. With albite^, 
A. des Cloizeaux found an increase of 2’5° wheji the tenip. rose from 21’5°-17n 8". 
H. Forstner found that while in some cases, raising the temp, from 20°-25(r did 
not alter the value of 2A’, and on raising the temp, to 500° the valm^ of 2A' 
changed from 87° 46'-86° 31', in other cases there was a change amounting to 
about 4°. There was usually a steady fall from 20°-250°, and subsequimt ly a 
small increase. J, Beckenkamp made some observations on adularia ; and 
F. Rinne, on albite. H. BUcking found that the eff(‘ct of pressure was similar to 
that of temp. 

The specific gravity has been determined of a large proportion of the samph's 
of felspar which have been analyzed. 'The numbers for orthoclase range from 
H. Abich’s value 2*2467 for adidaria to, for example, G. vom Bath’s 2*011) for a 
samjile of orthoclase from Bodenmais. L. Ahlers gave for theoretically pure 
orthoclase 2*536 2*438 at 4°. There is no appreciable dillVience in the valins 
for the different varieties ; and the best nqiresentative value for orthoclase is near 
2*537. J\ Hautefeuille’s value for artificial orthoclase is 2*55 at 10°. Similarly 
for albite, the values range from G. vom Rath’s 2*573 for a sample from 
Lagenburg, to F. L. Sperry's 2*633 for a sample from Haddam, (Connecticut. 
Ij. Ahlers gave for theoretically pure albite 2'011-2'613 at 4°, The best repre- 
sentative value for albite is 2*613. P. Hautefeuille’s valm* for artificial albite 
is 2*61 at 16°. The values for anorthoclase naturally depend on the relative }»ro- 
portions of Na : K, as well as on the comjiosition generally. The observed values 
range from H. Forstner’s 2*595 with a percentage (weight) ratio 7*99 : 2*53, to 

F. J. Wiik’s 2*567 with the weight ratio 5*47 : 11*901 *, but comparable values for 
the Na : K ratio are not available since other variations in composition arc involved, 

G. Tschermak, however, gave lor adularia, approximately Or to 0r4Ab, 13-16 per 
cent. K 2 O, the sp. gr. 2*56-2*57 ; amazonite, Or 4 Ab 2 to 0r3Al)2, 10-13 per cent. 
K 2 O, 2*57-2*58 ; perthite, Or 3 Ab 2 to OrAb, 7-10 per cent. K 2 O, 2*58-2*60 ; loxo- 
clase, OrAb to 0rAb4, 4-7 per cent. K 2 O, 2*6(X-2‘61 ; and albite, Ab to Ab 4 An, 
10 -12 per cent. Na20, 2’62-2*64. C. St. (^. Deville found that adularia crystals 
had a sp. gr. 2*561, and after fusion, 2*351* J. A. Douglas obtained respectively 
2*575 and 2*370. This corresponds with an expansion of 8*65 per cent. J . W. Mellor 
obtained with commercial felspar res^ctively 2*611 and 2*467, or an expansion 
of about 6 per cent. The effect of the at. ’n^I. of potassium and sodium on the 
limited isomorphism of albite and orthoclase wafcdiscussed by E. T. Wherry. The 
hardness of albite and of adularia on Mob’s scale is about 6. F. Auerbach gave 
for the absolute hardness ( 2 . 20, 7) of adularia, 253 ; or on a scale corundum 1000, 
210 ; R. Frantz gave for the same scale, 392 ; F. Pfaff, 310 ; A. Rosiwal, 59 ; and 

T. A. Jaggar, 25. P. J. Holmquist found that the abrasive hardness of adularia 
is 316 for the (OOl)-face; 478 for the (OlO)-face; and 493 perpendicular to 
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(010) (001) ; he also measured the cutting hardness of adularia, microcline, sanidine, 
Boda-orthoclase, and albite, using carborundum of graimsize 0 006-0'012 mm. 
on difEerent faces of the crystals. The results are illustrated by Fig. 155. 
^ , F. Auerbach gave for the elastic 

I — I — I — I — I — I — I — \ — I — I — 1 modulus of adularia, perpendicular to 

the base, 8460 kgrms. per sq. mm., and 
‘ of sanidine, 8030 kgrms. per sq. mm. 
F. Rinne- found 8120 kgrms. per sq. mm. 
for adularia, and 7710 for sanidine ; and 
for the crushing strength of orthoclase 
(Hirschfeld), 1700 kgrms. per sq. cm. 
According to L. H. Adams and 
E. D. Williamson, the compressibility, j3, 
of microcline, Org^Aby, is 1 -92x10"® at 
0 mega bars, 1*88x10"® at 2000 mega- 
bars, and 1*68 X 10~® at 10,000 megabars, 

I I I I I I i I I I I • or^^0‘05l875--0 0io242(;)-;)o); ortho- 
5 /(£ ZO 40 ^ 80 loo microperthite have nearly the 

^ Or 80 60 ‘fO 20 0 values for their compressibilities, 

rig. 18B.-OuttinKHardne«H of tho Albite. Madelung and R. Fuchs gave 
Orthoclase Felsparn. j3=l-74xl0 ® (p- 125 atm.) for ortho- 

clase, .and adularia. P. W. Bridgman 
failed even at 30,000 kgms. press, per sq. cm. to make finely powdered felspar 
particles weld, owing possibly to fibns of air. 

H. Kopp 17 gave for the coeff. of cubical expansion of orthoclase between 13° 
and 47°, 0'00(X)26 ; and between 15° and 99°, 0-(X)0017. F. Pfaff found the mean 
linear expansion coeff. of adularia to be 0*000015687 in a direction perpendicular 
to the a- and c-axes ; 0*(KK)000059 in the direction of the b-axis, and 0 0(K)002914 
in the direction of the c-axis. The coeff. of cubical expansion is then 0*00001794. 
H. Fizeau found for the axes of greatest mean and least dilatation of adularia 
0*(X)0019052, 0*00(X)01507, and 0*OtK)002030 respectively. The mean linear exjian- 
sion is - 0*000002030 to --0*00(KX)20039 ; and J. Beckenkani]) gave for the coeff. 
of linear expansion of adularia in the three directions 0*(XXX)1758, 0*0000019, and 
0*0(XXXX53. E. S. von Federoff, E. Offret. and J. July also made observations on 
the thermal expansion of felspar. H . do Senarmont found the thermal conductivity 
to be greatest in the direction of the symmetrical axes. E. Jannetaz found the 
sq. root of the ratio of the thermal conductivity in the direction of the symmetry 
axis (100), to the (001 ) axis in the direction (001) to be 0*951 . F. E. Neumann found 
the Specific heat of adularia to be'0'186l ; of felspar from Lommitz, 0*1911 ; and 
of albite from Penig, 0*1961. H. Kopp gave 0*183 for orthoclase between 20° and 
61° ; and 0*190 for albite between 21° and 51°. P. E. W. Oeberg gave 0*1897 for 
orthoclase, and 0*1976 for albite between 15° and 100°. J. Joly gave for ortho- 
cl^e 0*18865-0*18992 between ir and 100°; between 0*18696 and 0*19219 for 
microcline ; and between 0*19828 and 0*19846 for albite. K. Ulrich gave 0*1952 
for orthoclase between 17° and 98°. K. Schulz found between 20° and 100° for 


amorphous (glass) adularia 0*1895, ai^d crystalline, 0*1855 ; for amorphous micro- 
cline between 0*1881 and 0*1919, and crystalline, between 0*1846 and 0*1878. 
Q, Tammann also gave for amorphous microcline 0*185 and for crystalline 0*197 
between 20° and 100°. G. Lindner gave for adularia at 50°, 0*1835 ; at 100°, 
0*1864; at 150°, 0*1956; and at 250°, 0*2140. A. Bartoli found the sp. ht. of 
orthoclase between 25° and 100° to be 0*204; between 28° and 309°, 0*226; and 
between 33° and 716°, 0*253. W. P. White gave for orthoclase crystals between 
0° and 500°, 0*2247 ; and 0°~1100°, 0*2509 ; likewise for orthoclase glass 0*2297 at 
0^-500°, and 0*2689 at 0°-1100° ; for the true sp. ht. at 600° and 1100° he gave 
respectively 0*267 and 0*279 for orthoclase crystals, and 0*264 and 0*279 for the 
glass. A. Dannholm made measurements on this subject ; and 8. Kozu and 
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S. Saiki found abrupt changes id the linear expansion of adularia at 280''\ 480®, 
680®, 870®, and 960®. 

Orthoclase has no sharp meltillg point. It nielfs slowly on a rising tcun». ; 
while its rate of fusion is small, its rate of crystallisation must bo extremely slow. 
A. L. Day and E. T. Allen were unable to crystallize the cooling mass by slow 
cooling, by mechanical vibration and shock during cooling", by circulating air, 
carbon dioxide, or water vap. about the coaling mass ; or by the action of an alter- 
nating current on the cooling n^^ss. The difficulty in crystallization was attributed 
to the great viscosity of the molten glass. According to A. L. Day and E. T. Allen, 
the dry crystalline powder was heated and prmlded from time to time with a stout 
platinum wire. At about 1000°, traces of sintering were observed ; at 1075°, it 
liad formed a solid cake which resisted the wire , at 1150°^ the cake had softened 
sufficiently to yield to a continuous press. ; and at 1300°, it had biTorne a viscous 
liquid which would be drawn out into glassy opaque threads. Under the micT 08 co})e, 
the opacity appeared to be due to fine included bubbles, the material being wholly 
vitreous. The term melting point thus appears somewhat of a misnomer, since 
the “ point ” is not a definite temp, but an interval of temp, softening tempeiature 
is therefore a better term. This phenomenon is the normal kind of thing with 
complex alumiuium silicates. S. Kozu and co-workers found that when e.xamiiuMl 
by the X-radiogram method, a potash-felspar with about 23 per C(‘nt. of albite 
shows feeble indications of fusion at 1100°, and only at 1213° was fusion coinjdete. 
The mineral was kept at the indicated temp, for 2 hrs. The liquidus ther(‘fore 
begins at 1213®, and the solidus at 1100® with a melting interval of 113°. In the 
particular case of orthoclase, C. W. Morey and N. L. Bowen showed that tluue is 
an iiicongruent m.p. at 1170®, incongruent 


because the liquid has a different com- 
position from the solid owing to the 
formation of a n(‘w crystalline compouiid, 
namely, Icucite, KAlSi20(j. Otherwise 
expressetl, orthoclase decomposes at 1170®, 
forming leucite, KAlSi 20 Q, and a liquid. 
Its behaviour is best described on an 
equilibrium diagram with leucite (Lc) and 
silica as components. Orthoclase then 
appears as a binary compound of tlnw 
components. If orthoclase be kept at 
1 200® for a week, the glassy mass contains 
leucite crystals and crystallites. The 
resolution of molten orthoclase into leucite 



per cent. S/O^ 


was previously discussed by H. Biick- ir,6.--Equilibrinm Curves of tlio 

Strom, A. Lacroix, and C. Doelter. The Binary System : KAlSijOj-SiO,. 
speed of fusion depends on the size of 

grain ; and J. W. Mellor and co-workers showed that there is a probability that 
the actual fusion temp, is lower with a fine }K>wder lhan it is with coarser grains. 
This subject was discussed by W. Ostwald, F. W. Kuster, R. C. Smith, P. Pawloff, 
M. T. Goldstein, P. P. von Weimarn, and C. Doelter. It is possible, as pointed out 
by G. Beilby, that the grinding renders tlie surfaces of the particles vitreous 
or amorphous— vide the sp. gr. of quartz, H, Leitmeier fouml that fine grains 
of adularia' begin to melt at 1240°,^ coarse grains at 1300° ; complete fusion 
occuned at 1350° with the fine grains and 1370^ with the coarse grains. The high 
values here obtained were due to rapid heatings with slower heating, the m,p. 
appeared as 1145°. S. Kozu and co-workers also found evidence of a faster fusion 
with finely powdered felspar than is the case with the coarser-grained material. 
Accordingly, the reported values for the fusion temp, of orthoclase arc somewhat 
discordant, and range from 11^® to 1300®. J. Joly obtained 1140° for the m.p. 
of sanidine; and 1175® for adular, microcline, and albite. K. (‘usack gave 
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1169° for raicrocline, and 1172° for albite ; ^A. L. Fletcher corrected these 
values to 1219° for microcline, 1214°-1218° for adularia, and 1222° for albite. 
J. H. L. Vogt gave 1300° for potash-felspar. H. A. Seger, and A. S. Watts made 
fbservations on the relation between the composition and fusibility of felspars. 
E. Dittler gave for 'soda-microclino, 1175°-1200°; soda-felspar, 1137°-1180°; 
crypto-perthite, 1130°~1140°; microcline, 1160°~1180°. C. Doelter gave for 
different samples of orthoclasc, 1185°--1220°, and 1175°“1235° ; for sanidine, 1145°- 
1175°; for microcline, 1150°-1160°, 1155°-1180°, and 1160°-1265°; and for 
albite, 1120°-1160°, 1130°-1170, and 1135°-1215°. A. Brun found 1250° for albite, 
1300° for orthoclasc, and 1290° for microcline. Y. Yamashita and M. Majima gave 
1250° for the m.p. of an albite orthoclase. A. L. Day and E. T. Allen gave 1175°- 
1235° for orthoclase ; 1220° for natural albite, and 1225° for artificial albite. 

A. L. Day and co-workers found the m.p. near the albite end of mixtures of 
soda- and potash-felspars are difficult to determine on account of the high vis- 
cosity of the melting solids. E. Dittler believed that albite and orthoclase form 
a completed series of mixed crystals with a minimum m.p. ; J. H. L. Vogt estimated 
that there is a eutectic between 1150° and 1160° with between 56 and 60 per cent, 
of albite and btitween 40 and 43 per cent, of orthoclase. He assumed that the 

eutectic mixture consisted of two kinds of 


felspar with the respective compositions 
/,200'^' Gri 2 Abyg. P. Tschirwinsky 

^ , modified the equilibrium diagram to 

/ XJ ^ better— 

C equilibrium is illustrated 

^ \ ^ diagrammatically in Fig. 157. C. H. 

5 Warren estimated that orthoclase can 

i rrrr° H Byi - *- ^^1^ about 10 per cent, of albite 

^ Ik albite may take 

^ lyA/1?, y up similarly 8 per cent, of orthoclase. 

W ^ potash -felspar has more than about 

11 H ^ dissociation 

1 und the 

^ 0 10 ^ X A 7 lOoAh ^^'^ulled perthitic structure is considered 

Onoo SO 60 ^ 20 c result of this dissociation. The 

Fia. 157.-Freezing.puml Curves of •’7^'''^''' Po^aali- 

Mixtures of Albite and Ortlioclase. felspars carrying more than about 18 per 

cent, of albite. Similarly with soda- 
felspar carrying more than 8 per'eont. of orthoclase. C. H. Warren also found 
evidence of an inversion point in potash-felspar above; 575° ; below this temp. 
a-potash-feLspar is stable ; above, jS-potash-felspar. A. L. Day and co- workers 
found no signs of a break in the heating and cooling curves of felspar. This subject 
has been discussed by R. Herzenberg, and P. Tschirwinsky. H. Leitmeier observed 
a slight loss in weight whieff he attributed to the loss of alkali, when adularia 
(m.p. 1145°) or labradorite (m.p. 1245°) is kept about 10° below the m.p. for 500 hrs. 
The loss was of the order 0-2 per cent. 


Fro. 157. — Freezing-point Curves of 
Mixtures of Albite and OrtlioclaHe. 


The X-radiograms of sanidine by F. Rinne, and of adularia, moonstone, etc., 
by 8. Kozu and Y. Endo are normal and characteristic of one system of space- 
lattices, as L. Vegard and H. Schjedrup found to be characteristic of a simple lattice 
in which corresponding atoms replace one another at random, forming a homo- 
geneous solid soln. The case is^different with the potash-felspar moonstone con- 
taining about 23 per cent, of albite. S. Kozu and Y. Endo found that X-radio- 


gram furnishes two systems of space-lattices representing the co-existence of two 
kinds of solid soln. The X-radiogram of adularia suffers no change when the temp, 
is raised from 25° to 1060° and suddenly quenched jn mercury at room temp. This 
indicates that the crystal structure is stable throughout this range. On the other 
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hand, when the temp, of moonstone is raised, one of the two different systems of 
Laue-spots begins to dccroaao in intensity and to shift gradually towards the other, 
and the two systems merge into one. When the temp, is slowly reduced, the system 
of Laue-spots, stable at a high temp., begin to separate into two systems. Chilling 
in bquid air produce no appreciable difference to ^hc results obtained by chilling 
in mercury at room temp. Fig. 158 shows portions of the X-radiograms of a potash- 
felspar heated to the temp, indicated above and rapidly chilled. Btdow 8(X)‘\ the 
miscibility is incomplete, but at higher temp, albite and orthoclase are miscible in 
all proportions. If heated above 1115°, the spots gradually decrease in intensity, 
indicating that the space-lattices arc gradually broken down into the disorderly 
arrangement of the amorphous state, and at 1190° the sjmts had almost all dis- 
appeared corresponding with almost complete fusion. A. Iladding did not find 
the differences in the X-radiograms to be sufficient for the identification of the 
different felspars. 

The ceramic journals have an indefinitely large number of results of ('X})eri' 
menta on various mixtures of clay with felsjiar, felspathic rocks, and other Iluxes. 
Mixtures of orthoclase and quartz were found by M. Simonis to give glassy mixtures 



Kio. laH. KfTeet of Heating and C'hilluig Or Ab felspar with about 24 per cent, of Albite. 

with no sign of a eutectic ; A. S. Watts made analogous observations and obtaiiu'd 
indications of a eutectic with 5 per cent, of felsjiar ; J. W. Meilor likewise obtaiiKal 
indications of a eutectic with 2.5 per cent, of quartz. In both cases, however, the 
results measure some other quality but not eutectism. Pegmatite with about 
25 per cent, of quartz and 75 per cent, of felspar has Ixmoi thought to represent 
the eutectic, but there is no proof of this. A. Ztillner estimated that at 14f)0°- 
1450°, molten orthoclase can dissolve 60-70 per cent, of quartz. The fusion 
temp, of mixtures of china clay and felspar were measured by M. Simonis. A. Heath 
and J. W. Meilor made a rough estimate that at 1300°, molten orthoclase dissolves 
about 20 per cent, of clay to form a clear glass in a 3 days’ heating, and A. Zcillner 
estimated that about 14 per cent, is dissolved at 14(X)° -1460° to form a clear glass. 
E. Berdel and many others have determined the shrinkiige and porosity of slabs 
made of mixtures of felspar and clay. M. Simonis measured the softening tenij) 
of ternary mixtures of felspar, quartz, and china clay, and the results are, sum- 
marized in Fig. 159. W. S. Howat found that* with binary mixtures of steatite 
melting at 13^°, and microcline melting at 1232°, there was a eutectic in the 
vicinity of 1160°. * 

A. L. Day and E. T. Allen found that felspars could be readily sublimed in the 
electric arc furnace— about 3700°. D, D. Jackson and J. J. Morgan found the 
vapour pressure of the alkali to be negligibly small below 1350°. N. V. Kultaschaff 
computed for the latent heat Cff fusion of orthoclase, 109*4 cals., and for albite, 
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48*5 cals. J. H. L. Vogt gave 100 cals, for potash-felspar. 0. Mulert found the 
heat of solution of crystalline adularia in hydrofluoric acid to be 0 4686 Cal. per 

gram, or 261 *5 Cals, per mol, and for 
glassy adularia, respectively 0*5684 and 
317*3. Using some of G. Tammann’s 
data, he accordingly calculated for the 
heat of formation of adularia, 131*2 Cals, 
per mol, or 0*235 Cal. per gram ; and 
for microline, 104*2 Cals, per mol, or 
0*187 Cal. per gram; similarly, for the 
heat of crystallization of adularia, he 
obtained 53*72 Cals, per mol, or 99*8 Cals, 
per gram ; and for adularia and micro* 
dine, respectively 46*33 and 83*0 Cals, 
Hence, added C. Doelter, adularia and 
microccline are probably dimorphous 
forms of potash-felspar. G. Tammann 
gave 517 cals, for the heat of soln. of 
microline in a mixture of hydrochloric 
and hydrofluoric acids, 517 cals, per gram for the crystals, and 600 cals, per 
gram for the glass. 

The indices of refraction of potash-felspar were measured by A. des Cloizeaux,!® 
F. Kohlrausch, K. Zimanyi, A. MUhlheims, S. Tsuboi, H. Rosenbusch and B. A. Wulf- 
ing, N. V. Ussing, A. Michel-L(Vy and A. Lacroix, E. Offret, H. Fischer, C. Viola, etc. 
A. des Oloizeaux obtained for sanidine a^l*5170, j3^1*r)239, and 1*5210 for 
red light, and a™ I *5265, j8=^I*5355, and y -1*5356 for blue light; and K. Offret. 
a - 1 *520278, j3— 1*524853, and y= 1*524972 for yellow light. The values for adularia 
range from a- 1*5181-1*5195, jS-l *5223 -1*5237, and y- 1*5243 1*5260 for yellow 
light: and for microcline, I *5183-1 *5224, 1*5220- 1*5250, and y=l*5248- 

1 *5295 for yellow light. For 8oda-potash-fels})ar8, the values range from a~ 1 *5215- 
1*5250, j3~ 1*5266-1 *5306. and y=^ 1*5272-1 *5314 for yellow light. For albitc, 
a= I *5282- 1*5320, jS -1*5321 -1*5340, and y=l*5386-l *5400. The best representa- 
tive values are near a~=l ‘519,j3 = 1*524, and y— 1*526— mean 1*532— for orthoclasc 
and microclinc; and a =-1*525, j3=^l*6306, and y:=^ 1*531 4— mean 1*529— for albite. 
W. T. Schaller found the index of refraction of barbicrite to be lower than that of 
albitc. A sf'lection from E. OlTret’s observations on the effect of temp, aiul of 
light of different wave-length, A, on the refractive index of sanidine, is given in 

Taulk XXUJ.— Tiik Effk<’T.s of Temckratorf. and of Lkjht of Different Wave- 

LENOTH ON THE JtKFRACTIVK InDKX OF SaNIDJNE. 



Fio. 169. — Softening Temperatures of Mix- 
tures of Ortboclaso, Quartz, and Cbina 
Clay. 



Q 

Rod. 

Yellow. ! 

Ort'cn. 1 

1 

Blue. 



An “0-6706 

Aort “0 6437 

An* “0-5888 

Aca “0-5377 

^OiI“^ 5084 j 

Acd“0-4799 


0" 

1-617836 

1*618632 

1-520621 

1-623045 

1*524760 ! 

1*526774 

I. 

100° 

1-618003 

1*618866 

1*620869 

1-623312 

1 *626066 

1*627070 

a 

200’ 

' 1*618423 ! 

.1*619232 

\ *621249 

1*623712 

1-625470 

1 *627498 


300° 

1-618888 ! 

1 

1 *619703 

1*621737 

1*624218 

1-525989 ' 

1-628034 


0° 

1-622410 

1*62,3213 

1*626258 

1 *527660 

1-629403 

1-531416 

11 . 

100° 

1 *622500 

1-623376 " 

- 1*626410 

1*627802 

1-629604 1 

1-631709 

jS 

200° 

1-622847 

1 *623672 

1*526728 

1*628237 

1 6.30027 i 

1*532096 


300° 

1-523240 

l*62407^r 

1*626143 

1 *528606 

1-630466 j 

1*532643 


0° 

1*622503 

1*623313 

1*526332 

1*627793 

1-529649 

1*631676 

III. 

100° 

1*622881 

1*623702 

1*626743 

1*628235 

1*530014 

1*532066 

y 

200° 

1*623407 

1*524234 

1*526293 

1*628806 

1*630698 

1 632667 


300° 

1*624066 

1*524886 

1 

1*526953 

^*•626963 

1*629476 

1*633364 
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Table XXIII. A. des Cloizeaui^’ value for the biietringenoe, y~a, of sanidino is 
0*0070 for red light, and 0*0091 for blue light ; and E. Offret’s for yellow light is 
0*004469. The values for adularia range from 0 0054'0 0070 for yellow light ; for 
microcline from 0 0060-0 0071 ; for albite, 0*0080-0 0102 ; and for soda-potash- 
felspars, from 0*0057-0 0071 for yellow light. Th^ best representative values afe 
y_a=0 007 for microcline and orthoclase ; and 0*0064 for albite. From K. OtTrr^t s 
observations, the indices of refraction of sanidine at 0° are y— )3=^0*0(KX)5, jS-a 
=0*00460, and y— a=0*00462, and the Corresponding changes per 100° rise of 
temp, arc respectively -|“0*00021, -0*00006, and 40*00016. A. Ehringhaus 
studied this subject. Orthoclase, microcline, and anorthoclase are optically 
negative ; albite is optically positive. 

. W. W. Cobhmtz found the curve of the ultra-red transmission spectrum of 
adularia shows bands at 2*0/i, 3'2/i, 3*9/1, 4‘8/i, 5*C/i, and 6*3/1, and the bands of 
albite at 2*9/i, 5*7/i, and 6*3/i coincide with those of adularia. Orthoclase has 
silicate bands at 2*85/i, 4*7/i, 5*7/i, and 6*28/i. As in the case of the transnussion 
spectra, the curv(?s of the ultra-red reflec- 
tion spectra of adularia and albite are 
very much alike The maxima with albite 
are at 8*7/i, 9*7/i, and lO/i, and those with 
adularia arc at 8*8/i and 9*8/i — Fig. 160. 

With microcline, the reflection band from 
9 / 1 - 10/1 is complex; there arc sharp 
maxima at 8*85/i and 9*95/i, with a pro- 
bable band at 1 1 /i. W. W. Coblentz found 
the reflecting power of orthoclase for light 
of wave-length A=0*69 is 39*4 per cent. ; 
for A -O Of)/!, 86*7 per cent. ; for A--4*4/i, 

38*2 per cent.; for A--8*8/i, 10*3-14*6 per 

cent. Ill- 1 

K. Przibrain studied the phosphorescence of orthoclase, an<l adularia when 

[ to radium rays. D. Hofmann, G. do llazowmowsky, and W. Vernadsky 
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cent. ; and for A--24/1, 9*7 per 


noted the tribo-luminescence of felspar, K. Keilhack observed uo lumim‘scem;(‘ 
with orthoclase. E. Engelhardt found orthocW and microcline to havi* a f(‘eble 
greyish-blue luminescence when exposed to ultra-violet rays. C. Doelter found 
that radium radiations gave a strong phosphorescence with orthoclase from 
Elba, but with other specimens the effect was feeble ; no change in colour 
occurred. J. E. Burbank observed that X-rays make felspar phosidiore^see ; 
C. Doelter found adularia and albite are partially transparent to the X-rays. 

G. Doelter found the electrical resistance of adularia decreases with the rise 
of temp. The sp. electrical resistance, in ohms, on raising t he temji. was : 


Ohms 


lOOO" 

1.3706 


and on cooling the mineral : 


Ohms 


1300 " 
. 7-4 


1070 " 

1200 " 

1200 " 

1300 " 

1320 " 

317’6 

56 0 

10-2 

7-5 

7*1 

1260 " 

1200 " 

1160 " 

1100 " 

1060 " 

8*1 

0*4 

10-9 

13-3 

15(1 


There is no sign of a break in the curves aMlie softening temp. The sp. electri^ 
conductivity of crystalline orthoclase is less than that of glassy orthoclase. le 
conductivity for glassy orthoclase ha| a break at 850 , and above KKX) , it giv< s a 


curve almost continuous. 
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• 
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Similarly, for albite : 
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If thfi reciprocal of the temp, be plotted against log B, an approximately straight 
line is obtained, so that log B~d''^-\'C, where C is constant For the electrical 
conductivity of orthockse C, Doelter gave 0-0000537 mho at 1100°; 0 00411 mho 
at 1200'’; and 0’02961 mho at 1300°. J. Konigsberger and K. Schilling gave 8500 
dhms for the sp. resista/ice of oijthoclase at 800^" ; and 800 ohms at 1000°. G. Tam- 
mann measured the electrode potential of orthoclase against the normal hydrogen 
electrode in soln. of various salts— zinc and silver sulphates, lead chloride, etc. 
G. W. Hankel found that orthoclase is 'pyroelectric ; the face (010) is positively 
electrified, and the face (110) negatively electrified. He also found albite to be 
pyroelectric. 

The chemical properties of the alkali-felspars.— According to A. dcs 
()loizeaux,‘^i when adularia is fused, it loses only about a thousandth part of its 
weight. K. Wolff e.xamined the loss on ignition of fel8i)ars. A. L. Day and 
E. T. Allen found that when powdered felspars are (exposed to the atm., moisture 
is adsorbed in quantities of the same ord(‘.r of magnitude as that usually quoted 
in mineral analyses ; and that it requires a dull red heat — 600'’- 800°-“to expel all 
the moisture. M. W. Travers heated a felspar which contained about one per cent, 
of water, and obtained 0-214 per cent, of a mixture of hydrogen and carbon mon- 
oxide, and 1 -201 [)er cent, of carbon dioxide. The two former gases are presumably 
formed by a reaction with the ferrous oxide, steam, and carbon dioxide : 2FeO 
•f -Fe2^3 Ml2 2Fe0-fC02-Fc203-f-C0. No hydrogen or carbon 
monoxide is produced when the mineral is treated with sulphuric acid. 

G. A. Kenngott found that when sanidine, adularia, or albite is moistened 
with water coloured with red litmus, the test-liquid is coloured blue. If fels])ar be 
ground in water for some hours the water becomes viscid, owing to the dissolution 
and hydrol3^si8 of alkali silicate. In 1835, G. Forchhammer heated bilspar with 
water in closed co])per tubes to 150” and 222” (21 atm. press.), and found that 
much soluble potassium silicate (water-glass) was formed. Water hydrolyztis the 
mim'ral. S. J. Thugutt found that when 3-3153 grins, of a 8am[)le of typical 
orthoclase wore exposed for 100 hrs. in contact with 500 c.c. of distilled water 
at 2(Xr, the water on evaporation furnished a dry residue with 66-76 per. cent, of 
silica ; 1 1 53 per cent, of potash ; and 3 56 per cent, of soda. He also treated 
albite and obtained similar results. A. Daubr^e also obtained 12-6 grins, of potash 
from 5 kgrms. of felspar. Confirmatory experiments were made by C. G. C. Bischof, 
W. P. Hc^adden, Iv. Haushofer, A. B(‘yer, A. Pfaff, J. Konigsberger and W. J. Muller, 
G. Steiger, D. Prianischnikoff, B. Splichal, J. W. Mellor, and M. Bieler-Chatelain. 

A. Pfaff worked with ‘water at 8” under a press, of 160 atm. The effect of water on 
albite was examined by F. W. Clarke, G. Steiger, A. Bygden, etc. According to 
A. S. Cushman and P. Hubbard, and V. iiOnher, the attack by water is more rapid 
when the mineral is finely ground.' According to A. E. Tucker, 23 when ])owdcred 
felspar is digested for 10 days at ordinary temp, with carbonated water, it is con- 
verted into a white powder resembling clay, and some micaceous-looking substance 
is simultaneously formed. Finely powdered felspar colours phenolphthalein almost 
immediately when wetted with water. A certain amount of the potassium of 
felspars is dissolved by water when the mineral is finely ground, and the amount 
dissolved is increased by addition of substances such as ammonium salts, lime, 
and gypsum. Complete dissolution of, the potassium can be effected by means of 
an electrolytic method, both with and without addition of hydrofluoric acid. 

C. G. C. Bischof, W. B. and R. E. Rogers, E. C. Sullivan, C. Matignon and 
M. Marchal, A. Johnstone, F, Cornii E. W. Hofmann, L. Splichal, and J. R. Muller 
have investigated the action of carfionated water, or carbonic acid. The last- 
named found : ^ 

SIO, AljOj CaO K,0 

Original felspar tt5-24 18 15 1*28 14-96 

Extracted matter .... ri662 1 1368 — 1-3627 

The high proportion of potash which is extracted chows that the action is rather 
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a chemical process than one of yiero dissolution. The attack by water was found 
by A. Brongniart and J. Malaguti, and by A. S. Irishman to be acceleratt'd by 
passing an electric current through the w^ater holding pulverulent felspar in 
suspension—vide kaolinite. 

In general, the effect of acids on albite is le.^ marked than is the case wi4h 
orthoclase. G. Tschermak 2* obtained sdicic acid, H^SisO;, by the action of hydro- 
chloric acid on albite. The ordinary acids attack felspar rather slowly ; the action 
is more rapid if the mineral be finely gif>und. The powdered mim'ral is rapidly 
decomposed by hsrdrofluorio add ; the action was studied by H. Baumhaucr, and 
F. J. Wiik. J. H. Collins passed the vap. of hydrofluoric acid over felspar heated 
in a lead tube, and found the mineral to be rapidly converted into a hydrated 
aluminium silicate, soluble potassium fluoride, and silica. Dil. hydrofluoric acid 
acts in a similar manner. Orthoclase is mon‘ readily attacked than albite or oligo- 
clas(‘ ; and labradorite is attacked only in sjmts. Tlie hydrated aluminium silicate 
had the same composition and appearance as china clay. E. Beymond 8tudi(*d 
the action of chlorine and of hydrogen chloride on a<lularia, and amazon 
stone. A. E. Tucker found that very dil. hydrofluoric, hydrochloric* nitric* or 
sulphuric acid decompofics powdered felspar in ten days, forming a white ])owdrr 
resembling china clay, and a scaly ))roduct uiicaceous in character. The solv<'nt 
action of hot sulphuric acid on fels|)ar was indicated by II. Bose. 11. A. Seger, 
A. Sabeck, and W. Jackson and E. M. Bich found that about 2 ‘24 ])er cent, of 
felspar was decomposed aft(^r an hour s treatment with rone. sul))huric acid ; 
K. Langenbeck found 17'3 per cent, dissolved. J. W. M('llor showi'd that the 
amount dissolved depends on the grain-size of the felspar ; with felspar of average 
diameter, 0’165, 0 082, and 01)32 mm., resj)ectively, 0'31, 0 04, and Ib'Oi })er cfmt. 
was decomposed by th(' acid treatment in a given time. If the hOspur be w(!ath(Te(l, 
a great(T proportion is broken down. L. Sjflichal also treated orthoclase with 
formic acid* as well as with hydrochloric and sul])huric acid. W. B. Sdimidt found 
aq. sulphurous acid extracted nearly three per cent, of soluble niatters ; and 11. botz 
examined the effect of air charged with sulphur dioxide on sanidine and orthoclase. 
H. St. Deville found that boiling cone. soln. of potiassium hydroxide decom])ose8 
felspar, forming a soluble alkali silicate, and an insoluble potassium aluminosilicate*. 
The latter dis.solves readily in acids. ('. Doelter found that 15 ])er C(‘nt. soln. of 
SOdiuip hydroxide removed 0-24 per cent, of KoO from adularia, and 2’20 per c(*nt. 
from microclinc at 2(K)''. W. Flight found that after digesting adularia for 25 hrs. 
with soda-lye, the ])ortion dissolved contained less alumina than the })ortion not 
dis.solved ; he also treated albite in a similar way. E. A. Stephenson studied 
the action of alkaline soln. on the felsjiars. G. Tammann and C. F. Grevemeyer 
found that magnesia does not act on orthoclase at lOOO'" ; lime acts slowly at 500'* ; 
and baryta acts strongly at 275''-350°. A soln. of sodium carbonate dissolved 
some felspar after about 24J hrs.’ action at 100°. J. Lemberg treated orthoclase 
with soln. of the strong alkalies and transformed the mineral into zeolitic substances 
with an exchange of the basic element- thus andesine with sodium carbonate 
soln. forms analcite, and with potassium chloride soln., leucite. F. A. Genth also 
noted the alteration of potash- into soda-felspar by the substitution of bjises. 
J. Splichal examined the effect of soln. of barium and magnesium chlorides on 
felspar ; and F. W. Clarke and G. Steiger^ the effect of ammonium chloride soln. 
on orthoclase, and on albit(‘. J. Lemberg digested albite with a soln. of sodium 
silicate, and obtained a substance resembling cancrinite with SiO^ in place of GO-j. 
H. Schneiderholra studied the action^}! various salt soln. on felspars. G. Andre has 
investigated the action of soln. of different ^Its, and found that after grinding 10 - 
20 grms. of felspar with 100 grms, of water and« gram of the given salt for 100 hrs. 
in an agate mortar, the amounts of potash indicated in Table XXIV were dissolved. 
The marked attack by ammonium sulphate is noteworthy. H. Stremo, and 
E. C. Sullivan also examined the influence of a number of different substances on 
felspar. H. Leitmeier and H. Hcllwig showed that felspar can slowly take up 
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Table XXIV.— Action or Salt Soliitions on Potash-Felspae. 

f 



Grams of potash, K|0, dissolved per 

Solvent. 



• • 

100 grins, felspar. 

100 parts of K,0 in 
tho felspar. 

Water alone . . . . c. i 

0*139 

0*22 

Sodium olilorido 

0-37 

3*26 

Calcium carbonate . 

0*27 

2*38 

Calcium orthophosphate . 

0-22 

1*96 

Calcium dihydrophosphate 

0*44 

3*90 

Sodium nitrate 

0-36 

3*21 

Ammonium sulphate 

0*84 

7*38 

Calcium sulphate • . 

0*30 

3*23 


phosphoric acid from soln. of ammonium phosphate. H. Bricglob studied the 
action of sodium phosphate on felspar at a red heat. 

‘ F. A. Genth, J, do Lapparent, F. Grandjean, and H. Rosenbusch and 
E. A. Wiilfing have shown that one felspar may pass into another, as when 
inicroclinc or orthoclase changes into albitc by the substitution of sodium for potas- 
sium. According to E. C. Sullivan, Table XXV represents the metals precipitated 

Tahlk XXV. — Efkki.t^ok Salt Solutions on Orthoclask. 


Solution. 


Magnosium sulphate 
Calcium chloride 
Mauganoua sulphate 
Ferrous sulphate 
Ferric sulphate 
Niekelous sulphate 
Cupric chloriile 
Cupric nitrate . 
Cupric sulphate 
Zinc BulphatA) . 
Strontium chloride 
Silver sulphate 
Barium chloride 
Auric chloride 
I^ead nitrate . 


Metal precipitated. 

Original 

content 

(Mgnn.-atoins). 




Bases dissolved 

Grams. 

Mgrm.-atems, 

(Miilimols). 

0*0099 

0*40 

1*98 

0*47 

0 0207 

0*51 

2*44 

0*54 

00365 

0*02 

2*64 

()*53 

0*0305 

0*06 

2*10 

— 

0*0048 

110 

1*21 

1*41 

0 0549 

0*93 

; 2 00 

' 0 92 

00710 

113 

] *98 

— 

1 0*0025 

0*98 

1 *99 

(T*85 

1 00729 

103 

, 1 *98 

0*85 

0*0011 

0-93 

1 3 05 

0*99 

. 0 0427 

0*48 

2*32 

0-51 

; 01027 

0*94 

0 98 j 

101 

i 0*0982 

0*71 

2 04 

0*78 

0*0603 

0*27 

1-30 

1*21 

I 0*2970 

1*43 

2*00 

1'14 


and bases dissolved when 25 grins, of orthoclase were treated with 50 c.c. of soln. 
The bases dissolved are usually in excess of the metal precipitated on account 
of the slight solvent action of water on the orthoclase. The acidic nature of the 
aq. soln. of auric chloride gave an excess of bases dissolved over metal precipitated. 
If the precipitate contains a basic salt the bases passing into the soln. throw out more 
than their eq. of metal. Ho also tried* the effect of soln. of cupric sulphate on 
microcliuo and albite. V. P. Smirnoff studied the solvent action of homio and 
orenic acids on albite, and orthoclase. 

The felspars are all highly susceptible to natural influences, and when exposed, 
they are readily attacked by the reagents which are so common in Nature’s 
laboratory-water, water charged with carbon dioxide, acid waters formed by the 
oxidation of sulphides or issuing from volcanic vents, peat waters, alkaline waters, 
etc. The felspars are therefore highly alterable minerals, and they furnish numerous 
other minerals. The commonest end-products of th^ reaction between felspar and 
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natural agente are quartz and Ijaolinite — vide suprOy clays— but other liydratod 
aluminium silicates are produced. Many zeolites, sca{)olite8, opidote, zoisite, etc., 
may have been formed from felspar. According to A. Johnsen,^® at ordinary temp, 
on the earth’s surface, microcline is the most stable form of pota8h-fels})ar. The 
transformation of potash-felspar into muscovite has been discussed by H. Rdssler, 
6. vom Rath, F. W. Clarke, C. Gr. C. Bischof, J. de Lapparont, etc. ; into pinitoid, 
by A. Knop, E. Cohen, C. G. C. Bischof, A. Streng, C. W. von Giimbcl, K. Dalnier, 
etc. ; into analcime, by A. Phillips, T.*Scheerer, ete. ; and into kaolinite, by 
H. Stremme, G. L. Crasso, F.®von Hdchster, etc. Pseudomorphs after orthoclase 
have been described by A. Breithaupt, J. R. Blum, G. Tschermak, J. Roth, li. Hezner, 
etc. The alteration of albitc into sericite and zoisite was discussed by A. Cathrein, 
C. Benedicks, etc. Some general observations on the transformation of jxdash* 
and soda-felspars were made by C. R. van Rise, C. G. C. Bischof, H. Bossier, 
M. Lublin, J. Roth, etc. 

Tlie UM of felspar. — Felspar is used in making some special types of 
pottery ; but felspathic rocks like pegmatite and Cornish stoiu} are p(‘rhaj)s as 
frequently em})loycd as sources of felspar. These bring quartz and sonu'tinu's 
clay into the body along with the felspar. Fel8]>ar is also used in making certain 
types of pottery glazes, enamels for metals, t)pale8cent glass, and artificial teeth. 
The higher grade potash felspars have been invi^stigatcd with the idea of extract ing 
their contained potash for making fertilizers, etc. — vide 2. 20, 4. 

P. G. Silber*^ obtained a eanary-yollow silver aluminium silicate, AgiAl.SijO,, by 
heating the corresponding sodium aluminium silicate with silver lutrativ A numher of 
silver tlcrivativos lias been obtainetl by the more or less compleb? diKplacomeiit of the 
alkali or alkaline earth metal by silver. Thus, K. W. Clarke, and G. Steiger reported a 
«ilver-rhabatiiU‘, Ag.,AldSi() 4 )( 8 i 308 ) 3 . 1 ’ 2 H.^<), to he formed hy the action of silver nitrato 
on chabasite ; G. Steiger similarly obtaineil mlvcr-anah'itt\ AgAlSijO^ ; xtlrcr- 
ncUrolUc , xilver-tlMm-xomte, etc - vnh iwUr. Tliere are also tlio mhrr-uUrimnrtnvM {q t>.) 
studied l)y K. Houniann,** It. de Forcrand and M. JIallin, J. Szdasi, G. (d»d)ri<j and 
F. Lovallois. 
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§ 44L The Alkaline Earth Aluminium Silicates 

The calcium aluminium silicates have attracted much attention owing to the 
part they play in the formation of slags in metallurgical operations, in the manu- 
facture of glasses and glazes, and in the formation of portland cement (q.v.). The 
calcium aluminium silicates in slags were studied by W. A. Lampadius,^ P. Berthier, 
R. Kirwan, H. Abich, M. W, lies, N. G. Sefstrom, J. Percy, and W. H. Miller, 
J. F, L. Hausmann, C. W. C. Fuchs, R. Akerman, P. Gredt, M. Theusner, etc. 
P. Berthier made some observations on slitgs containing CaO : Al.^0, : SiO.^ 
=6 • 2 : 3 ; 3:1:3; 3:1:9; 1 : 1 : 22 ; and 1 : 1 : 0 ; both P. Berthier and 
N. G. Sefstrom made observations on 3 : 1 : 6 ; 6 : 4 : 9 ; and 3:2:6; N. G. Sef- 
strdm, on 3 : 2 : 9 ; and C. Schnabel, on 9 : 1 : 10 . A. Gorgeu reported 
the 2:1:1 silicate to be formed as a by-prdduct when kaolinite is melted with 
13-14 times its weight of calcium bromide. The anisotropic prisms, (’a.2Al.;Si07, 
may be calcium ^uminometasilicate, (AlO.O.Caj^SiO;;. 0 . Boudouard pr(^- 
pared the same compound. L. Bourgeois obtained 12 : 2 : 9 ; 3 : 1 : 2 ; 3 : 1 : 3 ; 
and 6 : 4 : 0 ; and W. Heldt, 8 : 2 : 15 , by fusion or sintering mixtures of the 
constituent oxides. 0 . F. Rammelsberg found crystals corresjionding with 
CCa^SiOs-ALSiOj mixed with calcium sulphide in the masonry of a soda-potash 
furnace. The gn'enish-yellow G'tragonal bipyramids had the axial ratio 
a : c=l : 0 5832 , and sp. gr. 3’()r). K. Akerman, 0 . Boudouard, and P. Gredt 
measured the lu'at.s of solidification and the temp, of formation of a nnmbiT of 
calcium aluminium silicates, and L. Babu, II. K. Ashley, and 11 . M. Howe jilotted 
the results on triangular diagrams. 

R. Kirwan found that silica mixed with alumina and baryta or strontia fuses 
more readily than is the case with lime as the alkaline earth. Berthier also fused 
mixtures of BaO : AI2O3 : Si02 in the proportions 3 :% : 14 and*^! : 4 : 12 . R. Rieke, 
and G. Flach studied the effect of the three alkaline earths on the fusibility of 
elay, E. Freiny and G. Feil obtained a product com])08ition 4 : 5 : 10 by 

the action of barium fluoride on a mixture of alumina and silica. F. Foiupie and 
A. Michel-Levy obtained Ba0.A1.203,2Si02, Sr().Al./)3.2Si0.2, and Ca0.AIw03.28iU2 
by the method indicated below for the synthesis of anorthite. Z. Weyberg 
obtained 4Ba0.4Al203.7Si02 in isotropic crystals by fusing a mixtun* of kaolinite 
and barium chloride. 

T. J. Pelouzc added calcium chloride to a soln. of alum and alkali silicate, 
in an excess of alkali hydroxide, and obtained a mixed precijiitate of lime, 
silica, and alumina. W. Heldt found that a mixture/)f procipitattMl calcium 
aluminate and water-glass soln. does not harden, but a similar mixture with the 
aluminatc prepared by calcination does harden. C. and G. E. Tischler found 
crystals of Ca0.Al203.6Si02.6-l2H20 in sanddime bricks ; the composition of 
stilbite is given as CaAl28ie0ifl.5H20. J. Lemberg heated aluminium hydroxide 
with calcium silicate and water to 180 ’ and obtaftied six-sided plates of a calcium 
aluminium silicate. C. and G. Friedel heated mica with a soln. of calcium chloride 
and lime-water, and obtained crystals of anorthite (y.v.). J. Leniberg made a 
barium aluminium silicate by heating a mixture of kaolinite and barium silicate in 
water for 75 hrs. at 190 ’. * 
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UO ^ 

Cd.Al^S/Os 

. 


S. J. Thugutt prepared a product with the con]|)08itioii CaAl2Si2Og.2CaCl2.20H2O, 
by the action of a soln. of calcium chloride on sodalite. A. Gorgeu melted 
garnet with calcium chloride and oxychloride, and also melted calcium chloride 
with kaolinite or a mixture of silica and alumina, and obtained a singly-refracting, 
Crystalline product wjtii the composition Ca0AlgSi3O2i.2CaCl2. Z. Weyberg obtained 
. a similar product by the 

latter process; and prepared 
\ • .CaioAliftSigOgeiCaBra, by 

• melting calcium bromide and 

A ^ J X kaolinite. 

\ Nature has provided an 

. \ extraordinary number of cal- 

/Y -OvA ^ aluminium silicates— 

CdjSi^O^ y / \ hydrated and anhydrous. 

\ E- Selch observed the effect 

Of CdtSi 04 A R‘ Rieke, 

CdzSfO^'^iy y \ \ / \ the softening temp, of mixtures 

Cd,SiOi y \ / \ of li me and china clay. Very 

/\ \X \ A I A 

/ CdO \ I X \ / \ pounds arc indicated on the 

/ \ C\/ \ diagram of the ternary system, 

rJn ' Tf — Ain Ibl, explored by G. A. 

C Rankin and F. E. Wright for 

,, , . dry melts of the three oxides, 

IMO. 101. -hquihbruim Diagram of the Ternary (IrO-AI 0 Thiq dia 

System: CaO-AljOg-SiO,. ^ lAi, 

gram shows well the strength 

and weakness of P. herlhier's rule : II farait mhne que la fusibihtS ties silicates 
fuultipleyS cst plus grande que la fusibility moyenne des silicates composanis. The 
system was discussed by B. Neumann, and P. Niggli. A. L. Field and 
P. H. Royster discussed the viscosity of the molten ternary mixtures. Indeed, 
only three ternary comj)ounds are indicated on this diagram, anorthite, 

CIA (Ja().Al203.2Si02 ; velarde- 

'/V nil4\ 2('a().Al203.Si02; and 

A A ^ , calcium diiuminatortho- 

siUcate, C^a3Al2SiOs. The 
first two of th(‘se compounds 
are discussed later ; the last 
K one does not appear on the 

^ ternary diagram because it 

dissociates^ at its m.p. The 
\ absence of numerous anhy- 

o drous alumino-silicates from 

\ diagram does not mean 

L \ compounds do not 

h J n A exist. It is true that many 

/ \ / \ break down at their m.p., 

C&o/ \/ \ Ai A others, stable at this 

iormed under 

Fio. 162. Melting-point Curves for the Ternary System : conditions represented 

CaO-Al,0,-SiOj.‘ by Fig. 161. Other condi- 

tions, other diagrams. The 
isothermal m.p. of the ternary' mixtures are indicated in Fig. 162. The binary 
compounds have been previously discussed. The compound calcium dialumi- 
natorthosilicato, 

0-AJ-Ca~0__0.0. ^ 

0=Al-Ca-0>®'<6.0^^* 


2m K 


/.5J5*/(^55' im IPbff 

Fio. 162. Melting-point Curves for the Ternary Systen 
CaO-Al,0,-SiO,.‘ 
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dissociates at its mp., 1335° ± 5®^^Sjnto calcium orthosilicate, Ca 2 Si 04 , and calcium 
aluminate, Ca(A 102)2 5 hence it is best formed by crystallization from a glass 
of Its own composition at a temp, below 1335°. According to G. A. Rankin and 
F. E. Wright, the preparation appears under the microscope dusty and so unsatis- 
factory that it is not pbssible to state definitely that it w homogeneous. Th^ 
crystalline mass is usually crypto- to micro-crystalline and consists of overlai>])ing 
fibres and grains. The larger grains show ^nder high powers the ribbed structure 
common to crystal skeletons. The crystal system is possibly rhombic. Tlu‘ 
refractive indices are aNa=l‘6?5 10’005, 1 685 ± 0(X)5. The birefringence 

is medium, y-a being about O Ol. The optic axial angle is medium to fairly 
large. The optical character positive. The plane of the 0 })tic axes is apparently 
parallel with the positive elongation of the fibres. P. Niggli studied the ternary 
systems albite-anorthite-diopside ; and anorthite-forsterite-4^ili('a 

The matrix of corundum from (^arnatic, India, described in some detail by 
J. L. Bournon,'^ and afterwards called indianitc, was recognized by A. Hreithau})t 
to be a lime-felspar. Some crystals of limo blspar from Mont** Somma, Vesuvius, 
were called by Cl. Hose anorllutc from avopOoc, obli<ju<‘ in refereiu-e to the 
crystalline form. 


T. Monticolli and N. Covelli called some crystals of linu'-felspar from tho huiuo locality 
chrutiamte ~ atter Christian Frodorick, Prmco of Denmark; and others, afl^r 

J. B, Biot. A. Breithaupt showed that tho former, and H J. Jirooko that tho latter, 
are simple anorthite. The tluorsauUe, of P. A. (jJi'nth, from Thiorsauite, Iceland, is also 
anorthito. N. von Nordenskjcild’s afnpJwddite- horn double ; atul i-ScAdj, spenr, 

in ttlluMon to the form of the crystals— is n reddish or poach-colounxl variety from Lojo, 
Finland, and TunaberK, Sweden. A. Itrcithaupt's UjkAUc- from A^ttov, crustr- is also 
an anorthito from Lojo and Orijarvi, Finland ; it was studied Ijy N. von Kokscharoff, who 
found the crystals wore complex, hut possesstMl angles like anorthito. H. J. Brooke’s 
UitrohiU — aftor ('. F. Latrobe— is a ro8e re<.l anorthite from Amitok Island, Labrador. 
N. von NordenskjOld’s hndsayitc, from Orijarvi, Finland, is an altered variety of lepidolite ; 
it was mvestiguU'd by B. Hermann, and F. J. Wiik. A. K NortlennkjCld's mmdvikde, 
from Nordsundvikite, Iceland, is also an altered anorthite. W, S. von Waltershausen 
named some glassy crystals from 'I'rezza, Fitna, an<l the Cyclopean Islands, cychjntc , 
A. Laeroix showed that th(‘y are anorthite. Aeeordmg to A. des Cloizeaux, some jiiukish 
crystals from Areiidal were called tankite , they were probably anorthito. 'J'. Thomson’s 
huronitc, from Lake Huron, is an impure anorthite. B J. Harrington eoufirincd this 
assumption, but T. 1>. Walker's analysis made the mineral resemble seapolite. Its index 
of refraction was 1 ‘.'i? 159, G. Tschernmk propose<l tbo tt‘nn murotme- mKporrji, 
littleness — for the gla.sHy plagioclase felspars analogous to the sanidine forms of orthoclaso 

'I'lio haraointe, of G. Koso, from Barsowsky, Ural, has tho composition of anorthite 
when an allowance is made in the analyses of F. Varrentfapp, and K. M Frii'dorici for the 
corundum present as an impurity. The sp gr. is 2 790. According to M. Bauer, tho crystals 
are rhombic, and G. Rose, and 1’, Groth said that barsow'ite is dimorphous. .1, Morozewier, 
iloubted the existence of this mineral as a definite spi^'ies ; W. BrOgger Indieved it to he 
a adhstfindmes Mineral, and lie represented it and danhurite by the formula CajB 4 {Si 04 ) 4 , 
where K repre.sents an atom of boron in tho case of danburite, and an atom of 
aluminium in tho case of barsowite. F. L. Kansome and J'alocho regarrl barsowite, 
A1 : 8 i 04 .Al : SiO* ; Ca, as a product of the dehydration of lawsonit-e. J. J/cniherg found 
that when barsowite is digested with a soln. of sodium silicate at lUO® for 7 months, 50- 70 
per cent, of the calcium is displacerl by sodium. 

In 182F, J. .1. Berzelius * rec'ognized a new mineral in some specimens from Darivika- 
Zoll, and ho called it soda-sjxidnmene ; and A. Breithaupt also found a variety of soda- 
limo-felspar wdiich he named oligodatfp. ; and qfterwards showetl its identity with J J. Ber- 
zelius’ mineral. Some arenturine feUjHirs, and luuwfonc (^.v.^aro oligoclase. H. Ahich 
found a soda- lime-felspar at Marrnato, Andes, and nametl it andemne, E. F. G locker 
referred to a variety in the serpentine of FrankenHf.ein oHmurh/inte in alluhiun to its granular 
appearanco, but A. Lasaulx showed tliat^it is a mij^tiiro. A. G. Werner referred to the 
chatoyant Lahradorstein brought by a Moravian fnissionary from St. I’aul's island, tho 
coast of Labrador, about 1775. It was called jnerre dej.al)rathr by J. B. I.. Komi'' de I’lsle ; 
and Labrador felspar and labrador by G. Rose. 

G. vom Ratli showed that the lime-oligoclose or tho hafnefiordiie G. Forchharnmor 
obtained from Hafnefiortl, Iceland, is labradorUe. The silicite, and nwmitc of T. Thomson 
are from Antrim, Ireland, and are varieties of labradorite. The felspar from Carnatic, 
India, and named camatite by A. dee Cloizeaux, described by F. S. Boudant, is regarded 
by A. Breithaupt as labradorite. The term saiisaurUe—from H. B. do Saussure—has been 
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given to some varieties of compact labradorite, although A. Cathrein showed that saussurite 
is a jade-like mineral containing zoisite and several felspars. This mineral was called 
jade by H. B. de Saussure ; Swiss jade, by A. HOpfner ; lehmanite, from Lake Lehman by 
J. C. Delam6therie ; and jade fenace and jade de Saussure, by R. J. Haiiy. It was discussed 
by T. S. Hunt, H. Traube, G. H. Williams, etc. A. Breithaupt’s radauite, from Radau 
\alley, Harz, is a compact variety of labradorite. G. Tsehermak applied the term 
waskclynite — in honour of N. S. Maskelyne — to an isotropic felspar found in some meteorit^, 
and he suggested thatlt is a fused felspar. P. Groth considers it a particular species allied 
to leucite. The original bytownite by T. Thomson * was a greenish-white felspathic mineral 
from Bytown, Ottawa, Canada. It was analyzed by 8. Tennant, and T. S. Hunt. F. Zirkel 
showed that this mineral is a mixture. G. Tschermak applied the term to felspars with 
a composition lying between that of labradorite and that of anorthite as indicated in the 
preceding table. 

Numerous analyses of anorthite,® oligoclase,^ andesine,® labradorite,® and 
bytownito have been made. C. F. Rammelsberg has shown that the many 
analyses of anorthite agree very well with the idealized formula Ca0.Al203.2Si02, 
which has been interpreted in many different ways. G. Tschermak regarded it 
as a metasilicate because it furnished what lie considered to be metasilicic acid 
when treated with hydrochloric acid. This idea gav<i him Ca(O.Al : O2 : Si0)2 or 
Ca(0.8i0.0.A10)2, and lie preferred the latter. J. E. Reynolds’ synthesis of what 
was thought to be anorthite by th*e action of oxygen and steam on CaSi2Al2, led 
him to the formula Ca(0.Si02.A10)2. F. W. Clarke gave Ca(O.Si I O3 j Al)2, or else 

Si 04 :HAlAl~Si 04 . 

Al(si0.4:=AlAl~Si04)Al 
^Si04^ Ca3^Si04''^ 

The triclinic soda-lime-felspars with oblique cleavages were grouped by 
A. Breithaupt as p%toc/a.sc-felspars— from 7 r\dyio(j, oblique ; and KXduie;, fracture. 
Tlie relations have been much discussed. J. F. C, Hessel, in his pajier : Veher 
die Familie Fehkpaih (1826), stated that labradorite is closely related with the 
other felspars, and it can be regarded as a mixture of albite and anorthite. W. S. von 
Waltershausen regarded the lime-soda-felspars as isomorphous mixtures of anorthite 
and the alkali-felspar, C. F. Rammelsberg, D. Gerhard, T. Scheerer, A. K. Delesse 
and T, S. Hunt, held similar views. The subject was taken up by G. Tschermak 
in his memoir: Die FeUspeilJigruppe (Wien, 1865). He showed that the lime- 
soda-felspars are isomorphous mixtures of alhite, NaAlSisOg, aud anorthite, CaAl2Si208. 
This is known as Tschermak's theory of the isomorphism of the lime-soda-felspars. 
This vieAvwas supported by A^^ Streng, who objected to the assumption that atoms 
of unequal valency like Na and Ca, or A1 and Si, can replace one another iso- 
moTphously, and he represented albite and anorthite respectively by the doubled 
formula) Na2Si2.Al2Si40io and Ca2Al2.AlSi40ie ; he also assumed that in the 
end-members there might be some CaSi2.Al2Si40ifl and Na4Al2.A18i40ifl. 
C. F. Rammelsberg, however, pointed out that this last assumption docs not agree 
with the best analyses, and added that the isomorphism cannot be attributed 
to the number or to the equivalency of the constituent atoms. The subject was 
discussed by G. Tschermak, G. vom Rath, W. 0. Brogger, A. Arzruni, J. W. Retgers, 
and F. Sandberger. The question has been raised whether some of the isomorphous 
mixtures of albite and anorthite represent dehnite compounds which can com- 
mingle isomorphously in. various proportions ; and discussed by A. des Cloizeaux 
and C. Friedel, F. Fouque and A. Michel-Levy, H. BUcking, A. Michel-LtWy and 
A. Lacroix, W. Tarassenko, F. Wallerant, , E. 8. von Federoff, T. Petersen, etc. 
As indicated below, the general phj^sical and chemical properties of the isomorphous 
mixtures give no evidence of tl\e formation of definite compounds of albite and 
anorthite. The isomorphism appears to be complete in the strictest sense of 
the term. As F. Fouqu^ expressed it : 

lia loi de Tschermak foiimit un excellent moyen de controlo et permet d’arriver jt dee. 
determinations tr^ suSlsantee. La simplicity, la baut^ des conclusions ne doit pas fairs 
oublier riraperfeotion des prymisses. ' 
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B. T. Wherty has discussed the various hypotheses which have been proposed 
to explain the isomorphism of expounds of apparently dissimilar chemical type 
like the end-members of the plagioclase felspars J^aAlSiaO^i and CaAl 2 Si 20 tjt. 
P. Groth emphasized the view that in isomorphous crystals, the elements concerned 
should be capable of playing an analogous role in the chemical mol., and that tl^ 
space units of these elements should be characterized not oi^ly by like symmetry, 
but by nearly the same linear dimensions, and, consequently, nearly the same vol. 
He added: • 

• 

The isomorpJiism of two substances depends on the fact that the entrance of the atoms 
or groups of atoms whicli replace one another prodiKjes a similar change in the crystal 
structure of the compound from which they are in common derived. Since the extent of 
this cliange depends not only on the nature of the substitutiiig atoms or groups of atoms, 
but also on tliat of the original substance, it follows that the differences which are to bo 
observecl in cases of isomorphous replacement by the same substitutions are diffeii'iit 
in different isomorphous series; and, in general, the\v must Im> smaller, the groatc'r the 
number of atoms common to the isoinorpluMis substances. 


J. D. Dana cited cases to show that the mol. vol. of an isomorplious group of 
minerals have values approaching equality, anti that the crystallographic relation- 
ship depends on mol. vol., and not on chemical composition— vide titanium 
dioxide. It has long been recognized that the mol. vol. of anorthitc, CaAl2Si208, 
and of albite, NaAlSigOg, arc the same, but this is not a sufficient criterion for 
explaining the isomorphism, even though G! T. Prior has shown that many sub- 
stances with nearly the same mol. vol. and with apparently distinct types of formula 
are isomorphous. The identity of the mol. vol. shows that the isomorphism of the 
plagioclases is based on a 1 : I ratio of amounts indicated by the formnlte of tlie 
two end-members of the series. 

Since the difference between albite and orthoclase consists merely in the replace- 
ment of one univalent element by another, it might be predicted that orthoclase 
would be isomorphous with anorthitc. R. Freis showed that the potash-felspar can 
dissolve small quantities of lime-felspar ; in nature, however, soda-felspar is 
always present as well. F. Gonuard assumes that if a moiioclinic lime-felspar did 
occur it would be isomorphous with potash-felspar ; and A. Schwantko assumed 
the existence of a compound Ca 2 Al 2 Si 30 iQ which is miscible with K 2 Al 2 Si(}Oi(}. 
E. Dittler, W. Wahl, and H. J. L. Vogt have made some observations on the 
systemK AlSi308— CaAl2Si208. E. Dittler obtained over-growths or zonal structures 
so long as the jiotash-felspar did not exceed 10-20 ^er cent., 'and with 70 jKjr cent, 
of lime-felspar, the two components crystallized separately. If increasing propor- 
tions of socla-felspar be added, potash- and lime-felspars become more and more 
miscible. H. Ailing suggested that potash- and soda-felspars arc isomorphous, 
and he called the series oranite. There are no representatives of this series in nature, 
and the evidence adduced points only to the formation of limited non-isomorphous 
solid soln. Similarly, it might be anticipated that cartiegieUe would be isomorphous 
with anorthitc since the only difference between the two silicates consists in the 
substitution of one bivalent atom by two univalent atoms. The evidence, however, 
shows that in anemousUe only a very small proportion of carnegieite is present ; 
and N. L. Bowen has shown that carnegieite holds only p per cent, of anorthite in 
solid soln., while anorthitc holds only 2 per cent, of carnegieite. 

It is curious that in the felspars, ferric iron does not readily take the place of 
aluminium for when any ferric oxide lias been*incorporated with a native felspar, 
it has apparently separated as hsematite inclusions. The artificial ferric-felsjmf 
KFcSi308, reported by P. Hautefeuille and A. Verrey, is very unstable ; and the 
gem orthoclase of Madagascar is almost unique. The fact that ferric oxide can 
replace alumina in garnet, tourmaline, etc. ; and the general unstability of the 
ferrites as contrasted with the aluminates, led W. Vernadsky to suggest that the 
aluminium in garnet, etc.,beloflg8 to the basic radicle, but in felspars, to the acidic 
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radicle. E. T. Wherry arranges the hypotheseeu invented to explain these facts 
into three groups : / 

1 . Structural theories . it is assumed that the elements retain the same 
valence in the solid and liquid states, and that the isomorphism of the basic radicles 
always valence for ^lalence ; • but widely dissimilar acidic radicles may be iso- 
morphous. W. Vernadsky assumes that the felspars have a group of atoms which 
he called the mica nucleus. He considered alumina to be part of the acidic radicle, 
but the formula to be otherwise different (vide supra, orthocfase) : 


0-Al— 0 
I ONa I 

(Si 205 )=Si Si-fSi^Oj) 
I ‘ONa I 
O-Al—O 
Albite. 


0-Al~0 

I 9 I 

0=Si Cb Si=0 

I 9 I 

0-Al— 0 
Anorthite, 


F. W, Clark(5, as iiulicat<Hl above, also has the quadrivalent radicle 81303 in albite, 
and 8i04 in anorthite. The ring formula) of W. and D. Asch belong to this type. 
B. Qossncr writes Si03Na^[Si02.Aljj03]4Si02 for albite, and Si03Ca[Si02.Al203] 
for anorthite, wh(;rc the 4Si()2 of albite is missing from anorthite. These explana- 
tions cannot be called hypothhes touches, for they do not look two ways at once. 
In straining after similarity with the basic radicle, diversity with the acidic 
radicle is ignored. No attempt is made to account for the other peculiarities 
indicated above. 

2. Arithmetical relations . — Here the simple integral relationship between the 
constituents or their properties is used to explain isomorphism. The valence- 
volume theory of W. Barlow and W. J. Pope ( 1 . 5, 18) is based on the chance 
relation that quadrivalent carbon occupies approximately four times the vol. of 
univalent hydrogen. The total valence of albite and anorthite is 32, and the 
groups NaSi and CaAl of valency 5 are supposed to be mutually replaceable. Other 
silicates have total valencies of 32, but are not isomor})hou8 with albite or anorthite. 
R. B. Sosman argued that the oxides of ordinary silicates tend to luiite in simple 
numerical proportions regardless of structural relations, so as to form molecular 
compounds. This would double the above formula for albite. I. Jiangmuir’s 
hypothesis ( 4 . 27, 4) assumes that elements are radicles possessing a bke electronic 
structure, are isomori)hously eq. though chemically dissimilar. Albite and anorthite 
alike possess 64 electrons, and<hence they should be isomorphous. Au contraire, 
calcium is isoteric with potassium but not with sodium, meaning that anorthite 
should be more fully isomorphous with orthoclase than with albite- which is not 
in agreement with facts. Hence, continued E. T. Wherry : 


Tliis group of liypotheHOH doeH not furnish any adequate explanation of the complexity 
of isomorphous relationships. If carrieil to their logical extreme they would predict 
numerous coses of i8omorr)hiam which do not occur. They require that in the plagioclases, 
one univalent, one bivalent, or one trivalent radicle should bo replaceable by another 
corresponding valence — -lithium or potassium for sodium, strontium or barium for calcium, 
or ferric iron or chromium for aluminium, yet not one of these actually occurs. 


3. Atomic isomorphim.—homoiphLsm is assumed to occur only between 
mutually similar atoms or groups of atoms irrespective of the valence exhibited by 
the same atoms or groups of atoms in soln. This is illustrated by tlie case of calcite, 
CaCOs, and soda-nitre, NaNOs, which are closely isomorphous, while CaCOs and 
NaoCOs or CaCOs, and Ca(N03)2 are not isomorphous. The structural hypothesis 
would indicate that Ca=02=C==C) should be isomorphous with Na2=02=C=0, 
but not with Na— 0— N O2. P. Groth applied the idea to the plagioclases, and 
the hypothesis was developed by H. S. Washington. Here, albite becomes 
(NaSi)(AlSi20g), and anorthite, (CaAl)(AlSi20B), where the (NaSi)-group and the 
{CaAl)-group are quinquevalent. This renders it unnecessary to assume iso- 
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morphism between widely dissm^r acidic radicles ; it does not account for the 
failure of one atom to replace aether of the same valence ; and it splits up the 
atomic grouping without any vinoicatory evidence. . 

P. Niggli, and J. Jakob applied the co-ordination theory and wrote the formula 
of anorthite in several different ways, among others*, they gave * 

Auorthite. ■!> Albite. 

P. Erculissc did not favour formula) of the type AlSi04.Si0.0.Si(0H)2.Si04Al, 
but regarded the plagioclases as soUd soln. of the acids HsAlSiOs and H2Al2Si06. 


r0:A1.0. .m 



HjAIjSIOj 


Assuming atomic i 8 omor})hisni between (‘a and Na, and A 1 and Si, M. E. Denacyer, 
and P. Erculisse also used the co-ordination theory in this connection. \\ A. von 
Bonsdorff argued that while alumina usually acts as a base, it can also act as an 
acid, and take the place of silica mol. for mol. The idea was developed by 
T. Scheerer, and D. A. Brauns, but opposed by V. Wartha. E. T. Wherry argued 
that the non-replaceability of aluminium by ferric iron in these felspars requires 
the aluminium to be definitely associated with the alkali or alkaline earth metal ; 
and the co-ordination ])lan requires the aluminium atom to be dominant and in a 
central position. IL; therefore postulated the formula) [NaAl(Si308)] for albite 
and [CaAl(AlSi208)] for anorthite ; or, omitting the square brackets, NaAl(Si308) 
and CaAl(AlSi208) respectively. 

W. Barlow and W. J. Pope assume that isomorphism depends on the replace- 
ment of atoms of similar sizes as well as on like valency. F. Zambonini, and 
E. T. Wherry agree in attributing the i 8 omori)hism 
of albite and anorthite to a close agreement in the at. 
vol. of th(‘. vioariant elements, but the former also con- 
siders that e(|uality of the sum of the valencies of 
the replacing elements is essential. E. T. Wherry 
considers the valence relations are negligible. 

11 . W. G. Wyekoff believes that sufficient data are 
not available to settle the (piestion. F. Kiime's 
interpretation of the X-radiograms of anorthite and 
oligoclase is indicated in Fig. 1 G 3 . Comparing this 
diagram with Fig. 138 , it follows that the chemical 
mol. of albite is NaAl[Si(Hi04)2lj and that of anbrthite 
CaAl[Al(Si04)2] ; or, in words, calcium aluminium 
aluminodiorthosilicate. 



J'’ro. 163.— -Htereochoinical 
Scheme of Anorthite. 


The modern theories of crystal structure show that atomic isomorphism should 
be the rule whenever the atoms concerned are so nearly equal in vol. as to fit into 
the geometrical arrangement. W. L. Bragg showed that sodium normally occupies 
a vol. slightly greater than calcium, and ^licou a little less than aluminium ; on 
the other hand, potassium occupies a decidedly larger vT)l. than sodium or calcium, 
so that potassium nitrate cannot be expected to be isomorphous with calcite, nor 
orthoclase with anorthite. In the dise of cajn^'gi^^il^ with its two sodium atoms 
for one calcium atom in anorthite, the larger Vol. required by the two sodium atoms 
should make isomorphism even less possible. • 

The plagioclase felspars of the less siliceous rocks have a tendency to approach 
the anorthite end-member as the proportion of silica decreases. C. H. Warren 
found anorthite as a contact mineral of limestone. Anorthite and the plagifxjlases 
have been observed in meteorkes. 
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Anorthite is the felspar which is most easib obtained pyrogenetically, and 
its crystallization tendency is comparatively greA. A. L. Day and co-workers 
readily obtained it in a crystalline form by simply Rising a mixture of the constituent 
oxides. F. Fouque and A. Michel-Levy, A. S. Ginsberg, and A. Brun also obtained 
aftorthite directly from its com|K)nents. G. A. Rankin’s diagram, Fig. 161, shows 
the range of stability of anorthite in the ternary system, Ca0-Al203-Si02. 
J. H. L. Vogt observed it in various slags ; S. Meunier found it in the masonry 
of a gas-furnace at Vaugirard ; A. Maflard, in the ashes from a colliery ; and 
C. Velain, in the glass produced during the burning t)f a corn mill. J. Morozewicz 
obtain(*(i felspars ranging from labradorite to nearly pure anorthite in his experi- 
ments on magmas. S. Meunier fused a mixture of silica, lime, and aluminium 
fluoride, and obtained sillimanite, tridymite, and anorthite. Anorthite is also 
l)roduced when many coinplex silicates are fused. Thus, A. des Cloizeaux obtained 
anort hite by fusing together garnet and vesuvianite ; and C. Doolter and E. Hussak 
obtained similar n'sults ; and K. Petrasch obtained it by fusing a mixture of granite 
and andesite. (!. Doelter obtained anorthite in the products obtained by fusing 
e()idot<‘, axinite, cliabazite, heulandite, laumontite, and scolecite ; and also by 
melting calcspar with basalt. G. Medanich obtained it by fusing a mixture of 
granit('- and sodium phosjihate, boric oxide, and tin chloride ; and K. Bauer, by 
fusing a mixture of diorite with sodium, jiotassium, or calcium fluorid(\ C. and 
G. Friedel made anorthite by the hydrothermal process, namely, by heating a 
mixture of lime, calcium chloride, muscovite, and a little water in a steel tube at 
500° ; J. E. Reynolds, by the action of Steam on his silicalcyanide ; and M. Schlapfer, 
by heating a mixture of the constituents of anorthite, calcium chloride, and water 
in a bomb at 470°. W. Eitel obtained anorthite (plagioclase) by heating nephelite 
iq.v.) and calcium carbonate at press, below 65 kgrms. per sq. cm. 

J , Fouqu6 and A. Michel-Levy made felspars analogous to anorthite, oligoclase, 
and labradorite with strontium, barium, or lead in })lace of calcium. Mixtures of 



made by E. Dittler ; and also hyalophane as a solid soln. of orthoclase and celsian. 
¥. von Kobell suggested that in tschennakite the magnesia replaces lime in felspar 
in the form of nitujnesia-felspar ; but a subsequent examination by G. W. Hawes, 
F. Pisani, and A. des Cloizeaux showed that there is much less magnesia jirescnt 
than F. von Kobell supposed. H. Schulze and A. Stelzner found what they regarded 
*■ ** as zinc-anorthite in the walls of a zinc 

furnace. C. Doelter did not succeed in 
making ferric anorthite. 

It is possible that Z. Weyberg made 
pofash-anorthile 'm his synthetic experiments 
on kaliophilite. J. Lemberg did not succeed 
in making soda-anorthite, but S. J. Thugutt’s 
product, obtained by rapidly cooling fused 
nephelite hydrate, was probably this com- 
pound. The triclinic nephelite reported by 
E. Esch from the Etinde volcano. West 
Africa, was probably soda - anorthite. 
H. S. Washington and F. E. Wright found 
Per cent dnortJtite ' soda-ahorthite, i.e. carnegieite, to be a con- 

Fia. 1«4.— Freezing-point Cui-vos of ^ felspar from the island of 

Binary System; ‘ Lenosa, near Tunis, and they synthesized 

NajAljSigOa-CaAbSijOg. the mineral by heating to 1080°, the glass 

obtained by fusing a mixture of the 
constituents. N. L. Bowen charted the equilibrium diagram of the binary 
83r8tein, Na2Al2Si208 (soda nephelite or carnegieite/ and CaAl2Si208 (anorthite), 




SILICON 


699 


and found that the sodium compound is stable in nephelite below 1248°, as 
carnegieite is above that in^rsion temp— Fig. 164. The eutectic occurs at 
1304° with 45 per cent, of anorthite ; and mixed .crystals range from nephelite 
(Ne) to NcgsAnss ; and the maximum amount of anorthite taken up by carnegieite 
(CgjisCgssAns. • • . / 

0. Andersen has studied the binary and ternary sjtstems with anorthite, 
forsterite, and silica as components. The curves, Figs. 165-168, of the system, 



Fig 165 — Freezing-point Curvos of the ^ Fig. 166. — Freezing-point Curves of the 
Binary System : Anortliite-Silica. Binary System : Anortliito-Forsterite. 


Anorthite-Silica, show that no higher silicate is stable under the experimental con- 
ditions ; and the f.p. curves, Fig. 166, of the system, anorthite-forsterite, show 
that the curve BC has not the maximum shown on the liquidus curves of ordinary 
two-component systems by a binary compound, since spinel, Mg(A102)2> cannot be 
considered a binary compound of the components Mg2Si()4 and CaAl2Si20y. 
The ternary system, Fig. 167, shows no combinations of the components CaAloSi^Og, 



Fig. 167.— Ternary System : Forsterite- Fig. 168.— Isothermal Freezing Curves 
Anorthite-Silica. t of the Ternary System; Anorthite- 

Forsterfte-Silica. 

Mg2Si04, and Si02. The spinel ficlfl is not a«ternary compound of the components 
of the system, but represents the product^ obtained by the breaking down of the 
anorthite. It would appear as a compound in the quaternary system 
Mg0-Ca0-Al203-Si02. Magnesium metasilicate is unstable at the m.p. The 
isothermal curves of the system are shown in Fig. 168. P . Lebedeff studied mixtures 
of anorthite and woUastonite. N. L. Bowen’s curves for the binary sys^ms : 
anorthite-diopside and albitenliopside, are illustrated in the diagrams respectively, 
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Figs. 165 and 170. The isothermal lines for the tewiary system : albite-anorthite- 
diopside, are shown in Fig. 171. Following spilar lines to those employed 




Fk;. 169. — Freezing-point Curves of the Fiu. 170. — Freezing-point Curves of the 
System : Diopside-Anorthite. System ; Uiopside-Albite. 


for anorthite, P. Haiitefeiiille F. Foiiqiie and A, Michel-LtVy, A. L. Day and 
E. T. Allen, K. Bauer, K. Petrasch, and G. Medanisch synthesized oligoelase ; 

F. Fouque and A. Michel - L(^vy, 
A. L. Day and E. T. Allen, and 

J. Morozewicz synthesized andesine ; 
and F. Fouque and A. Michel-Levy, 
A. L. Day and E. T. Allen, J. Moro* 
zewicz, S. Meunier, and K. Petrasch 
synthesized labradorite and bytownite. 
Labradorite has bc(‘n reported by 

K. Hausmann in blast-furnace slags, 
and by F. Sansoni, in the masonry 
of a kiln at Naples. S. J. Thugutt 
obtained a hydrated chloro-anorthile, 
9CaAljjSi2O8.2CaCl,.20H2O, by the 
action of calcium chloride; on sodaliie. 

The physical properties of the 
Fio. 171. — Freezing-point Curves of the lime-felspars. — Many of the general 
System : Diopside -A Ibito-Auorthi to. properties of the alkali-felspars are also 

characteristic of the lime-felspars. The 
remarks on colour, the effect of impurities on the colour, andtheschillerization also 
apply to anorthite and the plagioclases. Sunstone and aveiiturine fels])ars arc also 
found among these felspars. Labradorite is of a dull smoke-grey colour, but when 
it is observed at a particular angle, the surface lights up with brilliant play of 
colours — blue, green, red, bronze, etc. — and the mineral is accordingly cut and 
polished for jewellery and small ornamental objects. The effect is attributed to 
the presence of a large number of minute scales and needles of included minerals. 

The crystals have been studied by G. Rosc,i^ J. D. Mackenzie, F. Rinne, J. Krat- 
zert, A. des Cloizeaux, G. vom Rath, etc.— vide sujyra, the isomorphism of albito 
and anorthite. The general results show' that the crystals belong to the triclinic 
system. A. dcs Cloizeaux, and N. von Kokscharoff gave for anorthite, a :h:c 
:--0-63473 : 1 : O r)5(X)7, and a=^93" 13^, 115° 55}', and y - 91° Ilf'. J. Bccken- 

kampgaveO'63473 : 1 : 0'55007, and a --93° 13|', j3=115° 55}', and y--91° 11 J' ; and 
J. Kratzert, () 63523 : 1 : 0 55048, and a=93° 95', j3=^115° 52 6', and y=-9r 16 4'. 
P. Groth and E. Schmidt gave for labradorite, a : 6 ; c=0'6377 : 1 : (0’5), and 
a -93° 31', j8“116° 3', and y=09° 54}'; G, vom Rath gave for andesine, 
a : ?> : c-0'63556 : 1 : 0 55204, and a-.93°“22J', 18-116° 28}', and y-89° 58§' ; 
and for oligoelase, a :h: c- 063206 : 1 : 0’55239, and a— 93° 4}', p— 116° 22}', 
and y— :90° 4}'. According to J. P. Iddiugs, the data in Table XXVI may be 
taken as representative values. E. Schmidt, and E. A. Wiilfing gave for plagio- 
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Table XXVI. --Crystallographic Characters of tuk Plaoioclases. 


Anorthit-e . 
Lttbradorite 
Andesine . 
Oligoclaso . 
Albite 


11 

■ a:bte 

1 


1 

1 y 

0 6347 : 1 : O SSOl 

• 93" 134 

115 55' 

9Ul/ 

0-6377 : 1 : 0-5647 

93" 31' 

116" 3' 

j 89"64F 
I 89" 69' 

0-6357 : 1 : 0-5521 

93" 23' 

' 116" 29' j 

06321 ; 1 :a-5524 I 

93" 4' 

116" 23' 

90° 6' 

0-6335 : 1 : 0 5577 j 

93" 3' 

116 29' 1 

j 88" 9' 


o ! I 


(^lasc with 0, 50, and UK) per cent, anorthite, a 94^ 31\ 93° 27\ and 93° 05^ re- 
spectively; -416° 38', 116° 10', and 115° 51' respectively; and y 87° 01', 
90° 06', and 91° 34' respectively. The idealized crystal of anorthite, Fig. 173, 
has the faces /1(1(X)), 5(010), C(OOl), andA/(110), «dll0), m'(lll), c(021), /(201), 
.‘r(lOl), and y(201); and the angles IJC, 85° 50'; Bw, 58 ’ 4'; wM, 59° 29'; 
Cm, 65° 53' ; Cm, 69° 20' ; CA, 63° 57' ; Cx, 51° 26' ; Ci/, 81° 14' ; and 42° 38'. 
The change in the angle BC, Fig. 173, with temp, is illustratcil by Fig. 172. The 
crystallogra})hic and o[»tical properties of anorthite were studied by J. Kratzert. 
F. Kittl, and E. l)ittl(‘r have studied tlu^ velocity of crystallization of anorthit(‘ 
and labradorite. The habit of crystals of the plagioclase-fclspars r(‘S(‘inbh‘s that 



Temperdture 

Fig, 172.-- -Kfloctof Tomperaiure on 
t he Angles of Plagioclase. 



Fig. 173. Idoali/.od 
Crystal of Anorthite. 


of the alkali-felspars, but in megascopic crystals it is oftener tabular ; and in 
microscopic forms, oftener prismatic. F. Riime obtained X-radiOfiprams of anorthite 
and oligoclaso. For the deduction from these*, *reHults, nide Figs. 139 and 163. 
A. Hadding investigated the X-radiograms of labradorite, and anorthite. Sections 
of the crystals of soda-lime-felspars often exhibit a concentric zonal structure with 
different zones exhibiting different optical arientations. Usually the innermost 
zone is the most calcareous ; the sodiferous und calciferous alternate* with one 
another. Twinning occurs, according to the (Jarlsbad, Manebach, Baveno, albite, 
and pericline laws cited in connection with the alkali-felspars. U. A. Rankin and 
F. E. Wright found the polysynthetic twinning of artificial anorthite to be very 
characteristic. When the albite twinning of the plagioclases is repeated many 
times the alternate lamellse with their reversed optical orientation appear in thin 
sections between crossed nicols, in striped bands alternately light and dark. 'Phe 
bands may taper out or end abruptly’ at any place. They are cl(*arest and 
sharpest-edged when the section is perpendicular to the (OlO)-plane of twinning. 
E. Herrmann has written Ueber ZwiUiTujsvmvqchsun^en gestein Uldender Plagiokhse ; 
and the subject was studied by A. Kohler, •(;. W. Carstens, etc. For the cleavage 
and fracture, see alkali-felspars. The cleavage of oligoclase was investigated by 
S. L. Penfiekl. 

The optic ftTi glfls of anorthite were studied by M. Schuster, who found 
25n=114° 10' for the red ray and 114° 47' for the green ray. F. Foiiqu4 found 
2F ranging from 77° 18'-77°‘55' ; and 25^147° ; J. Kratzert gave 2F ^102° 28' 
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for anorthitc, for labradorito and byt-ownite he f^nd 2^=76® 10'-79® 40' ; for 
andesine, 2F=87®-88J® ; and for oligoclase, 2F=ft®-89°. F. Becke and M. Gold- 
acblag obtained for andesine, 2F=90®~98®; for laoradorite and bytownite, for the 
red ray 2Ha-84® 29'-89° 10' ; and 84® 23'-87® 49' for the blue ray. A. des 
Cldizeaux gave for andesine, 68® 58'-103® for 2Ha with the red ray, and 2Hc==84® 31'- 
125® 18' for the blue r|iy. He also gave for oligoclase, 2Ha=56® 30'-10r 36' 
for the red ray, and 2H<,=89® lO'-M® 24' for the blue ray. Other observations 
were made by B. S. von Federoff, F. Becfe, H. Gylling, F. J. Wiik, D. Orueta, etc. 
The following data show the effect of different molar percentages of anorthite on 
the optic axial angle 2F of the plagioclase cfystal : 

Anorthite . 06 13 20 25 37 52 66 63 75 100 

2V . . 78° 85° 94“ 99“ 90“ 75“ 75“ 82“ 94“ 103 5“ 

% 

The effects of variations of temp, on the optic axial angle were investigated by 
J. Bcckenkamp, F. Rinnc, B. Hccht, and L. Fletcher ; and the mixed crystals, by 
E. Kostormann and co-workers. 

G. Tschermaki^ computed the values in<]icated in Table XXVII for the specific 
Tahle XXVfl.-— Sm’iFic Gravity and Composition of thk Plaoioclases 






Compoflition. 


Ab„ : An„ 

1 

Sp. gr. 

' - 


— 

— 




Sib, 

AijO, 

CaO 

NajO 


1:0 

2-624 

08-7 

19-5 

0 

11-8 


12: 1 

2-636 

66-6 

20-9 

1-6 

10-9 

AlUlW 4 

8: 1 

2-640 

66-7 

21-6 

2-4 

10-4 


6: 1 

2-646 

64-9 

22-1 

3-0 

10-0 


4:1 

2-652 

63-3 

23-1 

4-2 

9-4 

Oligoclase . 

3:1 

2-659 

62-0 

24-0 

5-3 

8-7 


2:1 

2 671 

59-9 

25-4 

7 0 

7-7 


3:2 

2-680 

58-1 

26-6 

8-4 

6-9 

Andesine . • 

4 : 3 

2-684 

57-4 ! 

27-1 

8-9 

6-6 


1 : 1 

2-694 

55-6 

! 28 3 

1 

10-4 

5-7 


(3:4 

2-703 

53-7 

' 29-6 

11-8 

4-9 

Labradorito . 

2:3 

2-708 

53 0 

30-1 

12-3 

4-6 


1 : 2 

‘2-716 

614 

31-2 

13-7 

3-8 


1 : 3 

2-728 

49-3 

32-6 

15-3 

2-8 


11:4 

2-7.35 

M8 0 

i 33-4 

16-3 

2-3 

Bytownite . 

1:6 

2-742 

1 46-6 

i 34 4 

17-4 

1-6 


(1:8 

2-747 

1 45-9 

34 9 

18-0 

0-2 

Anorthite . 

0; 1 

! 2-768 

t 

1 43-2 

! 36-7 

20-1 

0 


gravity of plagioclases of different composition. Sp. gr. determinations were made 
Oft many of the samples which have been analyzed, and on those whose optical 
properties have been measured. V. Goldschmidt has collected data on this subject. 
The observed values for anortbite with very low alkalies range from G. vom Rath’s 
2’668 to his 2‘812 ; for bytownite, from f . Wada’s 2*62 to G. H. Williams’ 2 74 ; 
for labradoritc, from G. vom Rath’s 2‘’o08 to his 2‘814 ; for andesine, from 0. von 
Hauer’s 2’36 to H. Abich’s 2'7328 r and for oligoclase, from A. E. Delesse’s 2’586 
to M. F. Heddle’s 2’834. Errors due to inclusions, cavities, etc., no doubt affect the 
extremes of these results. L. Aiders gave for the sp. gr. of theoretically pure 
anorthite, 2 752-2 754 at 4®. J. A. Douglas found the sp. gr. of natural crystals 
of anorthit.© to be 2'750, and for the cold glass, after fusion, 2'666, corresponding 
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with 3*18 per cent, expansion. A. L. Day and E. T. Allen found for the sp. gr. 
of artificial plagioclases — crystal^^ and glass : 

An ’ AbjAn, AbjAn, AbjAn ‘ AbgAn 

Crystals . 2765 2 733 2-710 2-079 2 600 

Glass . . 2-7(t0 2-648 2-591 2-535 2-463 


AbjAn Ab 
2-649 2-605 

2-458 2 383 


The sp. gr. of artificial preparations are often low, owing t-o the presence of minute 
sealed gas pores. A. L. Day and E. T. Aflen observed no differences in the sp. gr. 
of glasses cooled at different rates. The hardness of anorthite is 6 or a little over ; 
that of labradorite and of andesine, 5-6 ; and that of oligoclase, about 6. 
P. J. Holmquist measured the cutting 



Fig. 174.- 


llardnejiH of tho Albito* 
Anortiiito Felspars. 


hardness of albite, oligoclase, labradorite, 
and anorthite using carborundum of 
grain-size 0 (X)6-0‘012 mm. on different 
faces of the crystals. The results arc 
illustrated by Fig. 174, where the dotted 
lines show the probable course of the 
curves freed from errors of experiment. 

L. H, Admas and E. D. Williamson 
found the compressibility of oligoclase, 

Ab 78 An 22 ,'to be^=:l*74 X at 0 mega- 
bars press.; l ilXlO"® at 2000 mega- 
bars; and 158xl0-« at 10,000 mega- 
bars; or j3-006l712 -OOiol66(p-po); 
labradorite, Ab 48 An 52 , had a value 

1-74x10“® at 0 megabars press.; 

1*71x10“® at 2000 megabars; and 
1*58x10“® at 10,000 megabars; or 
fl-0*05l508-0*Oio218)p-po); lor auor- 
thitc, ^-=1*1X10“® at 2000-10,0(X) megabars })ress. ; for andesine, Ab.>An, 
B 1*03X 10“® at 20(H) megabars, and j3-l*49Xl0“® megabars; and for AbiAn^, 
i3--l *37 X K^*"® at 2(X)0 megabars, and 1*30X 10“® at 10,0(H) megabars. 

J Beckenkamp found the linear coeff. of thermal expansion of anorthite in 
the three principal directions to be 0*0(KH)1758, 0-00(XK)854, and - 0*(X)fH)32. Some 
observations were made by E. S. von Fedcroff. P. E. W. Oeberg gav(* for the specific 
heat of anorthite, 0*1937 ; F. E. Neiimaim gave for labradorite, 0 1926 ; J. July, 
0*19317-4)19351 between 12° and 1(X)°. J. My also -gave for oligoclase, 
0*19967-0*20600, and R, Ulrich 0-2(H8 between 18° and 98°. A. Brun gave for 
the melting point of anorthite, 1490°“1520°; J. H. L. Vogt, 1220 ; C. Doelter, 
1150° -1220° and 1250°-1350° ; E. Dittlcr gave 1240°. G. A. Rankin gave 1550° ± 2° 
for the iiip. of artificial crystals of anorthite*. Y. Yamashita and M. Majima 
gave for the m.p. of anorthite 1 528°- 1 533° ; andesine, 1333° j and oligoclase- 
andesine, 1232°. A. Brun gave for the m.p. of oligoclase, 1260°; J, Joly gave 
1220°; A. L. Fletcher, 1270°; C. Doelter, 1 130°-1 175° ; and later, 1170° 1250°. 

A. Bruii'gavc for andesine, 1280°, and C. Doelter, 1180 -1280 . C. Doelter gave 
for labradorite, 1210°-1300° ; J. Joly, 1230°; A. L. Fletcher, 1273°- 1285°. 
E. Dittler gave for artificial labradorite, J370°; A. L. Day and R. B. Sosman, 
1477° ; and A. L. Day and E. T. Allen, 1463°. For artificial oligoclase, A. L. Day 
and R. B. Sosman gave 1345°, and A. L. Day and E. T. Allen, 1340° ; while for 
artificial andesine, A. L. Day and B?. B. Sosiian gave 1375 , and A. L. Day and 

B. T. Allen, 1419° ; the last-named also-founcl for the series : 


M.p. 


An 

1532" 


Ab,An, 

1500" 


Ab,An, 

1463" 


Ab,An 

1419" 


AbsAn 

1367" 


Abj|An 

1340" 


N. L. Bowea’s freezing curves for the plagioclases are shown in Fig. 1 75, and he gi vm 
1650° for the m.p. of anorthite. The remarks as to the effect of the size of gram 
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and speed of heating on the m.p. indicated in connection with the alkali-felspars 
are applicable here— with this dilference, unlike or|:hoclase, anorthite has a congruent 

m.p. in which tfte liquid has the same composition 
as the crystals. A. L. Day and E. T. Allen found 
. a sharply defined m.p. C. Doelter found that the 
fusion temp, really stretches over an interval : 

( Ab,An5 Ab.Anj Ab,An 

M.p. . 14f35°-152r 1372"-]W 1287'^~1450'^ 

AbjAn AbsAn 

M.p 120r)"-1394'" 1 175' -1362° 

H. Lictmeier observed that a sample of labradorite 
from Kiefp, when very slowly heated had a m.p. 
1245' -1250°, but was not then completely fused. 
A. L. Day and E. T. Allen found that microscopic 
crystals of a homogeneous compound, when slowly 
0 20 iO 60 80 too heated can persist 150° or more abov(‘ the temp. 
Molar per cent Ab at which fusion begins, since the viscosity or 

Kig. 176,— Kroo-iing Curve of the a">ori'l»>uK nu^lt is of the same 

riagioolasos. order as that of the crystals. The absorbed 

heat of fusion is distributed over this interval. 
They state that powdered crystalline plagioclase felspars, which are free from 
inclusions and from glass, even when -very fine, do not sint(^r until melting begins ; 
powdered glasses of like composition sinter readily at relatively low temp. (700°~900°) 
depending primarily upon the degree of comminution. J . H. L. Vogt estimated the 
total hdftt of fusion from -■ 273° to be 503 cals., and the latent heat of fusion to be 
100 cals. 



The indices of refraction of the plagiodases have been measured by A. Michel- 
L6vy and A. Lacroix,i7 E. Fouque, E. Offret, C. Viola, M. Schuster, A. N. Winchell, 
0. Grosspietsch, 0. Riva, F. Hecke., H. Rosenbusch and E. A. Wiilfing, H. T(‘rtsch, 
G. Linck, A. des (doizeaux, E. S. von Federolf, F. Klein, W. Luezizky, E. Mallard, 
F. Pockels, (f. Wulff, etc. The general results show that for anorthite tin; values 
of a range between 1'5740 and 1*5757 ; from I *58 10-1*5837 ; and y, from 1-5860- 


Oh^cldsc 


Bytoumte 


Andes! ne Labradonte Anorthite 


rSBO 


h560 



I am] I i I I I 1 ! I Mill I A.nauKinanar.ni. wrignt 

0 to ^ 30 10 50 M 70 wW/OO for artificial anorthite. 

Mdr per cent, dnortfiitp _ "-itgq .‘‘“i 

Fig. 176. — Indices of Refraction of tfie Plagioclase Felspars, anortWte 

a= 1*575, j3 “1*583, and y “1*588. F. Becke and M. Goldschlag measured the 
indices for some andesines. J. P. Iddings’ diagram showing the indices of 
refraction of the lime-soda-felspars between albite and anorthite is given in 
Fig. 176. The data are derived from the following observations : 


1 *5884. Bytownite, a, from 
. 1*5597-1*5617; /S, from 

1 *5628- 1 *5647 ; and y, from 
1*5677-1*5689. Labrador- 
ite, a, from 1-5540- 1*5167; 

from 1-5570- 1 -5647; and 
y, from 1-5620-1-5689. 
Andesinc, a, from 1-5490- 
. ^ 1*5548; R from 1*5530- 

1 ■6.578; and y, from 
Quartz, o 1*5560-1*5625. Oligoclase, 

/*5f5 ’ a, from 1-5337-1 *5389 ; j3, 

from 1*5376-1-5431; and 
\Orthocldse y, from 1-5420-1-5469. G. 
^ A. Rankin and F.E. Wright 

Q gave for artificial anorthite, 

^ a=l*576, 18-1*585, and 

• y=l*589. J. Kratzert 

se e spars. anorthite, 
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Abg Aii,| 

1.5291 

1 -.5437 

1-5389 

1-5490 

1-5752 

1-5332 

1 54o 

1 5430 

1 -5530 

1 -5833 

1 5390 

1-5429 

1 -6400 

1 -5.500 

1 -5884 


E, Olfret studied the eject of temperaJure on the, refractive indices of oligochijr, 
and a selection from his results is given in Table XXVIIl.^ ^S. Tsuboi studietl the 

Table XXVIII.— Thk EcFiaT of Tempekv^iuk on the Kefkac’tive Tnoifes of the 

AHES. 


lied. Yellow. iJreeii. UIiio, 



Ali =00706 

Ao,i-9 0437 1 

An»“0 5S8. 

Act ”0-6377 

1 Acd^O-5084 

Aca =0-1799 

r 0® 

1 530205 

1 -.537095 1 

1 -.539103 

1 541083 

1 543483 

1 -545500 

100° 

1-530647 

1 537384 i 

1 539470 

1 .542014 

1 543830 

1 -545925 

“ 200° 

1-5.30930 

1 53777.3 1 

1 5,39870 

1 -.542428 

1 -544250 

1 -.540302 

(.300° 

1 537378 

1 538231 

1 -.540330 

1 .542903 

1 .544730 

1 .540849 

1 0° 

1 540382 

1 5 11257 

I -543420 

1,540021 

1 -5478.50 

1 -549950 

a 100° 

1 540770 

1 511019 

1 -.543822 

. 1-540435 

1 548280 

1 -550384 

^ 200° 

1 .541227 

1 .5421 14 

1 544305 

1 540940 

1 .548801 , 

1 550923 

(,300° 

1-541723 

1 542020 

1 544838 

1-647494 

1 549378 

1 .551525 

{ 0° 

1 -544052 

1 .544914 

1 547141 

1 549774 

1 ’551024 

1 553729 

100° 

1 544450 

1 545340 

1 547.5,33 . 

1 5,50102 

1 ’552010 ' 

1 554111 

y 200° 

1 -.5449 11 

J 51.5805 

1 548005 

1 550049 

1 ’552500 

1-554017 

(300° 

1 -545408 

1 510302 

1 548529 

1 .551200 

1553077 

1-555212 


optical dispersion of the phigiocla.si; felspars. The bil6frillg6nC6 of anorthite 
ranges from 0’(ll20O-()132 ; labradorite, from OW)9-0‘O089; andesine, from 
0'()07U-l)(K)77’ and oligoclase, from 0 0080-00092. E. Olfret found the bire- 
fringence at 0\ y-p -0 00393, changed -0-00(K)l for KXf ; -O'OOill, 
changed -fO'OOOll for 100"; and y-a---0 00879, changed -|-0 00007 for 100°. 
The optical character of an(b‘Hine with 37 molar per cent, anorthite is neutral, and 
that of the other plagiocla.ses depends on the comjiosition. E.xpressing th(‘ pro- 
portion of anorthite in molar percentages : 

Ariofthiu^ . 0.) 13 20 2.'> 37 r>2 00 03 75 100 

Optical eliar. . + + . - 0 f -j- 

The plagioclase felspars are very similar but vai^ continuously in composition 
from albite to anorthite. Methods for distinguishing betw(;en the dillorent 
plagioclases based on differences in tlieir optical characters c.(/. in the orienta- 
tion of their axes, and in the planes of optical symmetry relatively to their 
Qry.stal structures— have been developed by M. t^hustcr, A. Michel-Levy, E. S. von 
Fedoroff, and \V. W. Nikitin, L. Diiparc and M. Keinhard, E. 1). Stratanowitsch, 


/,i00 


H. Sigg and co-workers, M. Berck, Ji. Sabot, 
and M. A. Ouroussolf. 

A. dcXjIramont examined the spcctta of 
anorthite, labradorite, and oligoclase. W. VV. 
Coblentz found oligoclase has no markifd 
absorption bands in the ultra-wd transmission 
spectram ; but there is a depression in the 
transmission curve at 3’3ft. W. Vernadsky^ 
found anorthite to exhibit a feeble tribolu- 
minescence. E. Engelhardt observed a pale 
blue luminescence with anorthite exposed to 
ultra-violet light ; and K. Keilhack found 
anorthite to be luminescent when exposed to X-rays. 



2 fioo 4jQoo em 
• Resistdnee in ohms 

Fiu. 177. - Electrical Kobistance of 
I..abradorito. 


C. Doelter’s measurements 


of the electric resistance of lal^adorite are summarized in Fig. 177. 


2 z 
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The chemical properties of the plagioclases.~C. Doelter digested anorthite 
in water at 80”, and after 30 days found that siilall quantities of silica and lime 
were dissolved, but only a trace of alumina. G.' A. Bender worked with water at 
90® and obtained crystals which were too small to investigate quantitatively, but 
v/bich were thought to Jbe chabasite. F. W. Clarke found that oligoclase moistened 
with water gave an alkaline reaction with phenolphthalein. G. Steiger found water 
has a slight solvent action on oligoclase. J. R. Muller investigated the action of 
carbonated water on oligoclase and foifnd it to be more soluble than orthoclase. 
A. Johnstone also examined the action of carbonated water on oligoclase and 
labradorite. C. Doelter found that carbonated water in a sealed tube at 2(X)® 
for 1 1 days converted auorthit(‘. into products with the optical properties of h(‘U- 
laudite and chabasite. J. Splichal concluded from his experiments on the action 
of carbonic acid on anorthite, that lime and alkalies are extracted and a kaolinitic 
product is formed. E. Keymond studied the action of chlorine and of hydrogen 
chloride on labradorite. Anorthite is soluble in acids. As a rule, anorthite is 
discomposed by acids with the separation of gelatinous silica, and the less the pro- 
portion of anorthit(5 in a given ])lagioclasc, the less readily is it attacked by acids. 
H. S. Washington obtained a polysilicic acid, H5AlSi208, by the action of acids on 
aiiorthit(‘. J. Splichal found that acetiC) chloriC) and perchloric acids partially 
dissolve anorthite. He found great dillerences in th(‘ character of the silica gels 
with variations in the nature and cone, of th(5 acids. Forty-five per cent, formic 
acid gives a gelatinous silica. J. Splichal found that with hydrochloric acid of 
sp. gr. 1‘19, oligoclase is partly dissolved, and from the results inferred that the 
plagioclas<?s are solid soln. and not mechanical mixtures. P. Jannasch showed that 
labradorit(5 is attacked with difficulty by hydrochloric acid. W. Tarassenko 
studied the action of hydrochloric acid on labradorite. W. B. Schmidt found that 
sulphurous acid attacks oligoclase and labradorite mon* than does carbonic acid. 
H. Lotz examined the action of air charged with sulphur dioxide on labradorite. 
J. Lemberg found that a soln. of sodium carbonate converted anorthite into a 
mixture of calcium carbonate and a cancrinite-like substance. C. Doelter digested 
anorthit(‘. with a 10 per cent. soln. of sodium carbonate for four weeks at 180®, 
and found 31 per cent, of silica, 5*26 per cent, of alumina, and 12*1 per cent, of 
lime were dissolved. J. Splichal obtained rather different results, for only traces 
of lime passed into soln. J. Lemberg also studied the action of soln. of sodium 
carbonate on oligoclase. J. Lemberg observed that a soln. of potassium carbonate 
converted anorthite into a zeolitic substance- a kind of polash-avorthitc, K 2 Al 2 Si 208 . 
A soln. of sodium silicate furnishes acicular crystals of a calcium sodium alumino- 
silicate. He also examined the effect of soln. of potassium and sodium carbonates 
and of potassium and sodium chlorides on labradorite -crystals and glass. 
C. Doelter and E. Hussak, and J. Lenarcic examined the effect of molten fluxes 
on labradorite. F. W. Clarke and G. Steiger examined the action of ammonium 
chloride on heated oligoclase, and found that the dried residue contained 0*32 
per cent, of ammonia. Washing with water afterwards removed 0*96 per cent. 
CaO, and 2*71 per cent. Na20. V. P. Smirnoff examined the action of humic and 
crenic acids on anorthite, and oligoclase. 

The remarks on the effects of natural agents on alkali-felspars [q.v.) apply also 
to the lime-felspars ; the products from, the latter usually have a higher jiroportion 
of lime and magnesia. C. R. van Hise 20 discussed the change of anorthite into 
prehnite, zoisite, meionite, scolesite, laumonite, gismonditc, and thomsonitc ; 
C. F. Rammelsberg, the change intc amphodelite ; A. E. Nordenskjold, the change 
into sundvikite ; A. des Cloizeaux, the alteration to polyargite, and tankite ; and 
R. Hermann, and J. Roth, the change into lindsayite. 

H. Sjogren 21 found a mineral in the manganese mines of Jakobsberg, Sweden ; 
its composition corresponded with the barium analogue of anorthite, baryta- 
felspar ; and he called it celsiau — in honour of A . Celsius. W. S. von Waltershausen 
had previously obtained a complex baryta-potash^elspar from the same locality, 
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and he called it hyalophane— from glass-like; and appearance. 

Analyses of hyalophane were male by G. A. Kenngott, T. Petersen, L. J. Igelstroni, 
C. F. Rarainelsberg, F. Sandbelger, J. C. Heusser^etc. G. Tschermak showed 
that hyalophane can be regarded as a mixture of baryta-anorthite, orthoclase. 
and albite. E. Tacccmi shows that the minefal paraoekian which he found 
near Candoglia, Italy, is really an impure celsian. Raryta.fel8par has also been 
described by A. Knop, F. A. Genth, S. L. Penfield and E. S. Sperry, and 
L. J. Igelstrom. A. des Cloizeaux descrified a triclinic form which he regarded as 
a hanu7n-pl<igioclasc, A Mitlcherlich, and H. S. Washington also mentioned 
finding up to about 1*10 per cent, of bar 3 rta and l)-3() per cent, of strontia in a 
number of orthoclase felspars. As indicated with anorthite, F. Fouque and 
A. Michel-Levy synthesized both baryta-felspar, and strontia-felspar. E. Dittler 
also made baryta-felspar, BaAl2Si208. P. Eskola found that the baryta or strontia- 
felspar could be crystallized by fusion with molten barium or strontium vanadate, 
at 1400° for about 12 hrs., and washing the soluble matters from the cold mass. 
The crystals of baryta-felspar are mostly Carlsbad twins, and the apparent rhombic 
characters observed by F. Fouque and A. Michel-Levy, and E. Dittler are mis- 
leading because the crystals are monoclinic. Basal cleavag(‘ is not well developed. 
The indices of refraction indicate a negative Cliaracter ; for the D-ray, a=-l'587, 
j3 --5-593, and y -l-fiOO—all ±0-002. a for the F-line is 1-593 ; for the Tl-line, 
1*590 ; and for the 6r-line, 1*585. No twinning of strontia-felspar, SrAl 2 Si 2 () 8 , 
crystals was detected ; and no well-formed crystals were observed. The crystals 
of radiating fibres did not permit a determination of crystallographic cha- 
racters. The indices of refraction for the D-line were a~l-574, 1*582, and 

y---l-586“all ±0-(X)2. The optical properties of anorthite and of strontia-felspar 
were very similar. Evidence showed that strontia-felspar probably forms a 
complete series of solid soln. with anorthite. 

The crystals of celsian were first stated by H. Sjogren to be triclinic, but later 
they were shown by F. F. Strandmark to b(‘ monoclinic with axial ratios a:h: c 
“0*657 : 1 : 0*554, and /3-^ll5° 2'. Twinning according to the Carlsbad, Baveno, 
and Manebach types has been described. The crystals of hyalophane were 
examined by W. S. von Waltershausen, G. vom Rath, F. Rinne, and G. A. Kenngott. 
A. Hadding examined the X-radiograms of hyalophane, and celsian. According 
to A. von Obermayer, the axial ratios of the monoclinic crystals are a:b:c 
=0*658395 : 1 : 0*55121, and /3=64° 25' 15" ; P. Groth gave 0*6584 : 1 : 0*5512, 
and j3 '115° 35'. The crystals of hyalophane have the adularia habit, and they 
sometimes have a zonal structure with the centraf portions richer in barium, and 
the outer portion richer in potassium. H. Sjogren gave 2K=86° 22' for the optic 
axial angle of celsian. The plane of the optic axes for hyalophane is vertical to the 
(OlO)-face ; and the optic axial angle, according to A. des Cloiseaux, is 2A’=60° 
at 20° ; and, according to F. Rinne, for Li-, Na-, and Tl-light, 2Ho is respectively 
83° 50', 83° 25', and 83° 2' ; respectively 107° 17', 107° 30', and 107° 52' ; and 
2F, respectively 79° 21' 14", 79° 2' 50", and 78° 42' 14". 

H. Sjogren gave for the sp. gr. of celsian 3*37 ; F. A. Genth found the sp. gr. 
of hyalophane with 3*71 per cent, of BaO is 2*692, and with 7*30 per cent. BaO, 
2*835. W. S. von Waltershausen gave 2*771-2*831 F. F. Strandmark gave for 
the orthoclase (Or)-celsian (Ce) series of felspars : 

Or OfijCe OrjiCe Or^Co 0,Co Ce^Ccj Ce 

Sp.gr. . . . 2*650 2*593 2*646 %725-2*733 2*766 2*818 3 .384 

^ • 

F. Fouqu6 and A. Michel-Levy’s preparations hfd sp. gr., haryia-oligoclase, 2*906, 
baryta-hbradorite, 3*333, and haryta-amrlhiie^ 3*573 ; and his strontia-oligoclasef 
2*610, strontia-lahradorite, 2*862, and strontia-anorthite, 3*043. The effect of the * 
at. vol. of potassium, sodium, and barium on the isomorphism of orthoclase and 
baryta-orthoclase has been discussed by E. T. Wherry. The hardness of celsian 
and the hyalophanes is about 6*or over. The indices of refraction of celsian, given 
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by F. F. Stranclmark, arc a-1-5837, )3 ^1 '5886, and y-1-5940; for liyalophane, 
F. Riiine found Li-, Na-, and Tl-light, 1-5388,(1 5392, and 1-5416, respectively. 
The optical characters of cejsian and hyalophane arc negative. Hyalophane is 
scarcely affected by acids. A. S. Ginsberg studied the system CaAl2Si203 
BlAlaSigOg, and found, the exeess of the latter crystalliacs as hexagonal plates 
corresponding with ne^dielite. Mixed crystals with up to 20 per cent, of nephelite 
have 2F~68'', while anorthite has 2^=80^ 

F. li. Raiisoinc discovered a kind of hydrated anorthite in the glaucophanic 
schists of Tibaron Peninsula, California, and he callifd the mineral lawsonite — after 
A. C. Lawson. Since then, the mineral has been found in several other localities 
by C. Viola, A. Lacroix, E. Manasse, J. P. Smith, A. S. Eakle, S. Franchi. Analyses 
by F. L. Ransome and C. l’alach(‘, J. R. Schnell, W. T. Schaller and W. F. Hille- 
brand, F. Zambonini, A.*F. Rogeirs, J. P. Smith, A. Lacroix, show that the composi- 
tion approximates to H,iCaAloSi20io» or calcium dialuminium tetrahydroxydi- 
metasilicate, (H0)4CaAl2(Si03)2. F. L. Ransome and C. Palache gave this 
formula, aiul also (A10H)2H2Ca(Si04)2 ; P- Groth gave Ca[ Al(OH)2] 2(810:3)2 ; 
and F. W. (Jlarke tripled the formula ; 


-Cn^CaSiO,- Al< 


SiO,=|At(OH)2 

SiOi=H3 


I 


Lawsonite is thus ridated to carpholite in which manganese replaces calcium, 
W. Vernadsky made some observations on the constitution of lawsonite. 
A. F. Rogers saw that the extinction is parallel in one part of a crystal from Calaveras 
Valley, and in the other jiart has an extinction angle of If to the long edge of the 
crystal. This may mean that lawsonite, like carpholite, is monoclinic. J. P. Smith 
saw that lawsonite represents the anorthite portion of plagioclnse set free in the 
chemical adjustment during metamorphic changers, and the albite portion of 
plagioclase either furnishes albite crystals, or contributes to the formation of 
glaucophane. Lawsonite is pale blue or greyish-blue in colour. Hibscite is colour- 
less or pale y(dlow. The large prismatic or tabular crystals belong to the 
rhombic system ; and, according to C. Palache, liave the axial ratios a:h:c 
:-:0'66524 : 1 : 0-7385. The crystals have also been studicfl by A. F. Rogers. 
The twinning plane is (110). The faces (110) and (Oil) are striated paralhd with 
(001). The cleavage parallel to (010) and ((X)l ) is perfect ; and the ch‘avag(' ])arallel 
to (110) is indistinct. The o])tic axial angles 2//a-^88‘' 27/ ; 2//o^ 103° 16'; and 
6' for yellow light. F. Cornu reported octaluHlral crystals of a mineral 
from Marienburg whrch had tlh^ same composition as lawsonite, but crystallized 
in the cubic system. He called the mineral hibsnlr, and considered it to be a 
dimorphous variety of lawsonite. The sp. gr. of lawsonite is 3-084- 3'091, and 
the hardness 8^. The sp. gr. of the ignited powder is 2-558. The sp. gr. of hibscite 
is about 3'5, and the hardness about 6. The indices of refraction of lawsonite 
are a:^l-6650, j3 -=1-6690, and y-=l-6840; and the birefringence y-a=--0-019 for 
yellow light. The optical character of lawsonite is positive. The index of refrac- 
tion of hibscite is 1-67. Lawsonite resists attack by acids, but after ignition it is 
decomposed by acids with the separation of gelatinous silicic acid. According 
to F. Cornu, hibscite adsorbs the dye from soln. of fuchsine ; tlie moistened 
powdered mineral has an, acid reaction, but after calcination an alkaline reaction ; 
it is strongly attacked by acids - even by acetic acid ; and it is decomposed by 
alkaline soln. 

The so-called Ime-inka was described by F. Mohs 2^ as pearly mica. C. C. von 
Leonhard said that the Tyrolese mine?al dealers called it margarite— from 
p,apyo.piTr]^y a pearl — its present-^ay name. 


J. L. Smith designated the micaceous mineral accompanying the srnirgel of Naxos 
and Asia Minor, emerylite ; and J. L. Smith and U. J. Brush showed that emerylite is 
identical with the margarit.e of Tyrol. B. Silliman gave the name clingmanite to a mica 
accompanying the corundum of North Carolina, and the name corunddih to a mica asaoci- 
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ated with the corundum and sfnirgel of Unionville, Penn. J. 1). Dana, and (h I’scliermak 
showed tliat all these minerals aA margarites. N. Nordenskjold found a mica in the 
emerald mines of the Ural, to wli^di he applied the term diphanite — from 8tj, twici^; 
(f>alvu)^ to appear — in allusion to its appearance when viewed in different directions. 
A. Breithaupt showed that diphanite is identical with margarito. 

C. F. Raminelaberg’s review of the analyses correspond with (H,R)oCaAl4Si20i2, 
or R 8 Si 04 . G. Tschermak, and R. Brauns gave for !he idealized mineral 
If^CaA^SLOia ; ^^roth, R2CaAl4Si20t2 1 and F. J. Wiik. 2|(HoCa)Al2Si()fl!. 
S. Weyberg a.ssumed the existgnee of a margarific acid, HoALSiOe, and he claimed 
to have made salts of this acid by the action of potassium chromate on china clay ; 
and addition products with calcium chloride or bromide. E. V. Shannon described 
a specimen coloured with chromium. F. W. Clarke made two suggestions : 


UO-Al 



:0aH 
^(A10)3 


^Si(),=(A10)Ji 

"Si 04 “(A 10 ) 2 ll 


but prefers the former. This would make margarite, calcium dihydrotctra- 
aluminyldiorthosilicate. Iv. von (diroustschoff clainu'd to have prepared margarite 
by melting togetlu'r a mixture of lepidolite, silicic acid, alumina, and alkali (luoridi's. 
The statements, however, require confirmation. 

The colour of margarite is whit(‘, with a grey, red, jiink, or yellow tinge. J)isi met 
crystals are rare. It usually forms aggregates of plates, or it may be massivi' 
with a scaly structure. The crystals are monoolinic with axial ratios closi' to thosi* 
of biotite. Tlio habit of the crystals is tabular. Twinning is common as in mica. 
'Flu* ejeavage is like that of mica, but tin* lamina* are rather brittle and non elastic, 
The peroiKssion figure is like that of mica. A. des Cloiz<‘aux gave for the optic, 
axial angle 2 A' =109° 32-128'’ 48' for red light; M. Bauer gave 27^’- 7G%H(/' ; 
G. Tschermak, 2E -120° for Na-light ; and G. H. Williams, \ W‘ 3<C. K. V. Shan- 
non gave 2r=3()° for the biaxial miueral. The sp. gr. ranges from 2 99 3118; 
and the hardness from 3*3-4 5 G. Tschermak gave for the index of refraetiem 
j3=l*fi4 1*65; and the birefringence is bjeble for y -a -0*009. K. V. Shannon 
gave a= 1*02.3, ^-=l-().33, and y=l*634. The optical character is negative. 
E. S. Lars(*n made oh.servations on the optical projierties of margarite. A. Kenn- 
gott found that the moistened powder reacts feebly alkaline to litmus; and if it 
has been previously calcim'd the reaction is feebler. The mineral is slowly and 
imperfectly deconipose.d by hydrocliloric acid. V. Iskyul studied the action of 
liydroehloric acid. F. A. Genth observed the transformation of margaritii into 
diidleyito (q.v.) by the substitution of the calcium by magnesium. 

A ^(‘olite whicli occurs at Kilpatrick, Scotland, in amygdaloidal masses was 
called by H. J. Brooke thomsonite, in liommr of T. Thomson ; and 1). Brewster 
called that which occurs m the lavas of Monte Somma, C()mpio7iite~- fiitvT 
S. J A. Gomptoii. T. Moiiticelli and N. (3)velli,^ind A, Breithaupt grouped the- two 
minerals toget her, and the, analyses of C. F. Rammclsberg justified this. 


A. Breithaupt called thoinsouito frfphmlast. J J Bor/.olius called the <,*onnn’tions 
with a lamellar radiating .stnicture at Xalso, l*'aroe Island, mMo/r -not rnoHolitfv and 
M. F. lieddlo, fankltfe. E. T. Wherry claimed (hat (he composition of good rei)re8ontalivo 
samples *of farftelite approximate NajCajtAGSigO^ijtlH^O, and they have the average 
indice.s of refraction a=:i r)12, j3 = l*513, ami y I 518; and y-a-=(KK)0. Hence, faroolitn 
is optieall}'^ and chemically distinct from thoiy.yonite, and he favoured its being regarded 
jis a definite mineral Hj)e,(;ie.s. , A. ami H. Braims eonsideird liarnngtonito is tlic same 
as farik'hte, and W. llaidmger, and A. lies Cior/.eniix showed that those minerals are 
vanetie.s of thomsoiiito. K. I). Thomson calUnl a mesole from Tortrush, Antrim, 
scoulerite ; Tliornson, a reddish variety from«the Donegore Mis., Antrim, chalilitc , 
C. U. Shepard, a variety from the Ozarl*Mta ,* Arkansas, nzarkitc ; W. S. von Waltors- 
hauuen, a variety in straw-yellow needles, from B^rutiord, Iceland, rarphoHlilhit'; and 
8. F. Peckharn and C. W. Hall, a green variety from (IramJ Marais, Lake Sujierior, 
lintonite — after L. A. Linton. 


: Quite a large number of analyses has been reported . 2 ^ The proportion of soda 
ranges from virtually zero up to nearly 12 per cent. The magnesia is usually 
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below one-half per cent., but in the so-called 'pi^oiMmonite--itom mKpo^, bitter— 
of G. Meneghini and E. Bechi, the magnesia rejtlaces soda, and may attain over 
6 per cent. The sp. gr. is 2 -^ 78 , and hardness T. C. E. ^Rammelsberg 26 inferred 
from analyses of the mineral that there is a soda-thomsonite, Na2Al2Sie0ie.2JH20, 
a^ a lime-thomsonite, C« Al 2 Si 20 ^. 2 JH 20 . P. Groth accepted C. F. Rammelsberg’s 
formula, and C. Hint^e doubled it ; C. Doelter represented the idealized mineral 
as a hydrated anorthite, namely, CaAl2Si208.2^H20, because when melted and 
allowed to cool, crystals of anorthite were formed. This view Was adopted by 
F. W. Clarke in his later work : 


^SiO 


^Ca 


AI^i 04 -Al<g:^‘>AJ->Si 04 ^ 1 + 6 H 20 


Ca 


If the analogy with anorthite be well-founded, idealized thomsonite would be 
CaAl[Al(Si()4)2]2iH20, or hemipentahydrated calcium aluminium alumino- 
diorthosilicate. The generalized formula, allowing for the soda, can be written 
(Ca,Na2)Al2Si208.2JH20, the Na2 : Ca ratio varying from 1:3 to 1:1. The 
replacement of up to about half the lime by soda, said F. W. Clarke, may be due to 
admixed carnegieite. S. G. Gordon fqund a variety with the ratio CaO : Na20=5 : 1 , 
and called it calcio-lhomsonife/ G. Tschermak assumed that there are three lime- 
thomsonites, and one soda-thomsonite. He further assumed that double salts 
can be formed with soda-thomsonite and the other lime-thomsonites. G. Tschermak 
suggested three possible types of fornmla ; and for the sake of brevity, neglecting 
the oxygen atoms, these may be symbolized : 

or Ca<‘^j“gl]^ Ca=-Si=Si<^^~ 

Ort,ho8lUcato. ' Metasilicate. Dlslllcate. 

where the. free ends of the hyphens represent the attachments for the bivalent 
base. He assumed that the silicic acid obtained by treatment with acid would 
decide which type of formula is best fitted for a particular zeolite. He said that 
with 10 per cent, hydrochloric acid, orthosilicic acid is formed, and he accordingly 
favoured the corresponding formula. Thomsonite often carries an excess of 
silica or silicic acid, possibly in solid soln. S. G. Gordon assumed as end-members 
CaO.Al2O3.2SiO2.3H2O, and Na2O.Al2O3.3SiO2.H2O in order to represent the 
composition of the different thomsonites. The formulation of the composition 
of this mineral by the co-ordination theory with (^a : Na2 approximately as 3 : 1 is 

H. C. McNeil, and C. Hersch also proposed a structural formula for thomsonite. 
E. T. Wherry found that the analyses of thomsonite agree with that of the non- 
variable mineral NaCa2(Al5Si502o)6H20 ; and that the apparent variability is 
due to the admixture of this mineral with mesolito. 0 . B. Boggild found these two 
minerals show intergrowths. 

F. Zambonini investigated the behaviour of the water on heating, and found that 



114'’ 

158'’ 

180'’ 

248’ 

305’ 

365’ 

Lobs in dry air 

. 1*49 

2-42 


4 47 

7-51 

10 29 per rent 

Loss in moist air . 

. M2 

— 

2 ’25 

3-43 

5-38 

8-80 


The evolution of water is greatly v^uickened at 400 °, and the difference in the 
effects of dry and moist air becomes less marked. The rehydration of dehydrated 
thomsonif.0 occurs in moist air ; ahd the change is analogous to that which occurs 
with heulanditc (q.v.). A. Damour found the mineral changes but slightly in moist 
air, but at 280 ° it loses 6*1 per cent, of water which it regains slowly when exposed 
to moist air. C. Hersch, and G. d’Achiardi also measured the loss of moisture 
which occurs when thomsonite is heated at different temp. The latter found 
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80’-85* 146“-160'* 206'‘-210<‘ 255’-2«0* S26’-880“ Red hcAt, 

Loss . . 0-942 1-69 9 1 107 1-365 ^ 179 6 556 per (‘ent. 

Thomsonite has not been prepared synthetically. „ It occurs in cavities in the 
more basic rocks and probably results from the alteration of the felspathic con- 
stituents and nephelite. • It also occurs in crystallim' schists^s an alteration prodiK;t 
of the lime-soda-felspars. Thomsonite occurs in 8now-\^iite, reddish, green, 
or brown columnar masses, in radiated concretions and massive. Euhedral crystals 
are not so common. The cryst-als belong to the rhombic system, and, according 
to W. C. Brdgger,27 they have*the axial ratios a :b ‘. c— 0-99324 : 1 : 1 00662. The 
cleavage parallel to (010) is perfect ; less so parallel to (100) ; and in traces parallel 
to (001). Twinning occurs on the (llO)-plane, and this type has been discussed 
by E. Melly, and H. Guthe. The optic axial angle was found by A. Lacroix to be 
2^ --82°“93° 25' for the red ray, and 84'^ 1 r-96^ 53' for the blue rav. von Lang 
gave 2i?-83" 56' and 211^ bV ; and G. (Vsaro, 2A’ ^ 78" 86" for the red ray. 

Observations were made by H. Backlund. A. des (loizeaux gave 2/^ 85° 47' ; 

27-53° 50' ; 2//o-132° 26' : and 2//a- 55° 22' ; D. Hahn gave 60°. A. des 
Cloizeaux found at 17° 2E ^78° 48', and at 1 UV5°, 78° 30'. The sp. gr. ranges from 
2 ■3-2 *4 ; and the hardness 5-6. A colourless and radiating variety of lime- 

thomsonite was found by 8. G. Gordon to have a sp. gr. 2’105. Wlien wanned, 

clear crystals of thomsonite become turbid. As indicated above. C. Doelter found 
that when fused, anorthitc* crystallizes from the .slowly cook'd mass. A. des 
Cloizeaux gave for the indices of refraction for the red ray, a -- \ 7503, 

and y— L525. 0. B. Bdggild .said that these* values are too low, and gave a— 1*497, 
and y— 7525. K. T. Wherry found a- 1 520, j8 1-525, and y- 1*540 ; 
S. G. Gordon, a-1 *517 1*529, j3- 1*520- 1*531, and y 1*530 1*541, and for 
a colourless variety of lime-thoinsonite, a 1*530. 1*532, and y- 1*542; 

H. Phillii)S, a-1'529, 1*531, and y-l*54l ; A. Scheit, a- 1*524. j3 1*525, 

and y -1*537. Observations were also made by H. Michel, A. des (loizeaux, 
A. Michel-Levy and A. Lacroix, and J. Konigsberger and W. .1. Miiller. The 
birefringence is strong up to about 0*(^2 negative, or weak up to about 0-005. Next 
to pecolite, the birefringeiue is greater than that of any other zeolite, y— a-. 0*027 ; 
G. Cesaro gave 8 -a -0-(Kl26 0*04. F. Kinne found that the double refraction is 
diminished when the mineral is warmed. Thomsonite is pyroelectric. 

G. A. Kenngott found that powdennl and moistened thomsonite has an alkaline 
reaction, but if precalcined, the reaction is feebler. F. W. Clarke also found the 
moist mineral reacts strongly alkaline. Thomsonite decomposes wdii'ii treated with 
acids, and, according to G. Tscliermak, gelatimPis orthosilicic acid is formed. 
A. Frenzel, K. H. Glinka, and J. R. Blum di.scussed the alteration of tlnimsonite 
in nature. K. D Glinka obtained a crystalline substance which he called hydro- 
thmiHonUe, (H2,Na2,Ca)ALSL08.5H.,0, as a decomposition product of thomsonite 
or scolcsite at Tschakaw, near Batum. The sj). gr. was 2*0. J. Lemberg found 
that when digested with a soln. of potassium carbonate, a 'potash-thomsoniit' was 
formed by rejilacement of calcium by potassium ; soda-thomsomic is formed when 
this is dige^t-inl with sodium carbonate soln. ; and lime-thomsonite if calcium chloride 
soln. is iLsed. He also investigated the action of soln. of sodium and potassium 
chlorides, and hydroxides. G. Steiger found that with a soln. of silver nitrate 
there is a partial replacement of the bas«s by silver, forming a silver-lhomsonife. 
G . Steiger found that when heated in the vap. of ammonium chloride there is a partial 
decomposition and an ammonium derivative is formed. H. C. McNeil investigated 
the action of molten sodium chloride. C. Gistnondi 20 described a zeolitic mineral 
which he obtained in octahedral crystalk from the lava of Capo di Bove ; he called 
it zeagonite — from to boil ; and dyor^o?, blrren— and C. (\ von Leonhard, in 

his translation of Gismondi’s memoir, projiosed calling the mineral gismonditd. 
S. Breislak proposed the name abrazite — from d, not ; and ppa^elv, to boil— and this 
term in some cases was corrupted to arwite. There seems to have been some 
confusion about the identity since properties described by T. Monticelli and 
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N. Covelli, and an analysis by P. Capri, do not agree with later observations. 
H. J. Brooke emphasized the relation of gisraonhiie to phillipsite ; and C. C. von 
Leonhard, the relations of bpth to harmotome; ^but it would appear from F. von 
Kobell that phillipsite from Capo di Bove and Vesuvius has been confused with 
glbmondite from the sajjie localities. 

Analyses of gismq^idite have been reported by J. C. G. de Mangnac,^^ F. von 
Kobell, F. Zambonini, A. Sachs, G. Tschermak, and S. J. Thugutt. As C. F. Ram- 
melsberg showed, formula3 calculated frfim individual analyses are not always con- 
cordant— presumably for the reasons stated abov^. F. W. Clarke represented it 
as a hydrated anorthite, CaAl2(SiO 4)2.41120, and gave a constitutional formula 
similar to that employed for thomsonitc. F. Zambonini and P. Groth also used the 
anorthite formula. This would make gismondite a tetrahydrated caldum aluminium 
aluminodiorthosilicate, CaAl[Al{Si04)2j.4H20. The mineral usually contains some 
potash and soda, and similar hypotheses were suggested by S. J. Thiigutt and 
G. Tschermak to explain their presence as w('re employed in the case of 
thomsonitc. C. Friedel and A. Sarasin suggested the constitutional formula : 




As in the case of thomsonibi (7.V.), G. Tschermak obtained orthosdicic acid when 
gismondite is treated with 10 per cent, hydrochloric acid, and hence he favoured the 
orthosilicate type of formula. SiuccT a mol of gismondite loses about a mol of 
water at KKP, he assumed that this represents the water of crystallization, and the 
remaining three mols of water are assumed to be an integral part of Ihe mol which 
ho symbolizes HeCaAl2Si20]i. 

Gismondite has not been synthesized, and its high water-content indicates that 
it has been formed at a low temp. S. J. Thugutt showed that it is probably an 
alteration product of iiephelite, and by the action of soln. of calcium salts on 
nephelite h(5 was able to obtain a product somewhat like gismondite, and ho assumed 
that in nature gismondite is formed in this manner. C. K. van Hise discussed the 
possible formation of gismondite from anorthite. 

The habit of the crystals is a tetragonal pyramid more stumpy tlmn that of the 
regular octahedron. The colour is white and may be tinged blue, grey, or red. 
J. C. G. do Marignac,^! G. Rose and A. Streng measured the crystal angles, and 
supposed gismondite to bo tetragonal. H. Credner, and V. von liang supposed it 
to b(^ rhombic. A. des Gloizeai/x could not decide whether the mineral was uniaxial 
or biaxial. Irn'gidarities in the angles led A. Schrauf to assume tliat the pseudo- 
tetragonal crystals are juoduced by the twiiining of triclinic individuals, and A. von 
Lasaulx came to the same conclu.sions from a study of the optical properties. The 
later observations of A. des (>loizeaux proved that the crystals are penetration twins, 
and that the variations in the extinction angles caused by the irregular grouping of 
the twins do not confirm the assumption that the individuals are triclinic. F. Rinne 
showed that the crystals are formed by the twinning of monocliric individuals, 
and that by the raising of the temp, the variations in the extinction-angle observed 
by A. des Cloizeaux disappear, and the crystals become rhombic in structure. This 
was confirmed by F. Zambonini. Gismondite is therefore monoclinic at ordinary 
temp., and rhombic at a higher temp. The cleavage is not perceptible. F. Rinne 
found the optic axial angles for Li-light to bo 58', 2//o=104'’ IT, and 

2 Ka--82" 11' 18" ; for Nadight 2//„^--87" 34', 2//o- 103° 38', and 2 82° 42' 44" ; 

and for Tl-light 88° 10', 2Ho=102° 54', and 2Ffl==83° 18' 40". d. E. Hibsch 
gave 2F---86° 46'. A. des Cloizeailx found 2H varied from 80°-413°. F. Rinne gave 
for the rhombic crystals 57'. J. C. G. do Marignac gave 2*265 for the 

sp. gr., and 4-5 for the hardness. G. Tammann measured the vap. press, of the 
crystals with different proportions of water in equilibrium with water vap. at p mm. 
press. The gismondite initially contained 21*86 per cent, of water. 
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14*55 12*48 6*06 1*23 0 11 ram. 

Loss 0 02 0*19 0*89 2 *49 3 73 per cciii. 

F. Rinne gave for the index of refraction j3=l*r)3t8 for I.i-light ; 1*5385 for Na-light ; 
and 1*5409 for TMight. J. E. Hibsch pve a:^4*5308, j3-=l*5402, and 1*5484 
for Na-light. A. Lacroix found the dispersion ^ ~a ^ 0*^X)82 for Na-light. 'flie 
optical character is negative. W. W. Coblentz found that the*ultra-red transmission 
spectrum showed only those bands prodmj^d by water, viz. l*5/x, 2/i, 3/x, and 4*7/1. 

(lismondite is decomposed by acids, and according to G. Tschermak,^^ gelatinous 
orth(»silicic acid separates out. S. J. Thugutt noted that gismondite is coloured red 
by a soln. of silver nitrate and potossium chromate ; and gismondite can be distin- 
guished from ))hillipsite by its behaviour towards silver nitrate, and methylene blue. 
F. Grandjean found that dehydrated gismondite absorbs the vap. of mercury, 
cinnabar, calomel, iodine, bromine, or sul])hur— v<V/c infra, chabazite- and he 
measured the change which occurs in the optical properties of the products. 

W. F. Foshng33 applied the term p/uco/dc to colourless rhombic dodecahedra 
occurring in tlie limestone of Oestmore, (California. Analyses correspond with 

3(Vi0.AU);{.2Si(^)2.2H20, or dihydrated calcium dialuminoxyldiorthosilicate, 

4100 ) 2 ( 8104 ) 2 . 2112 ( 4 , in which some sdica is replacetl by carbon dioxide. The 
sp. gr. is 3*129 : the hardness 6| ; and the index of refraction 1*710 The mineral 
is readily dissolved by hydrochloric acid, it reacts slightly alkalim' vvhen moistened 
with water ; and the reaction is strong after the mineral has been calcined. 

J. N. von Fuclis found a mineral at Mt. Monzoni, Fassa Valley, in isolated or 
aggregated crystals which he named gehlcnite— after A. F. Gehlen. A. Rreithaupt 
called it stylobate —irom OToXopaTT]^, base of a ynllar'-in allusion to the resemblance 
of the cry.stals to a .s(]uare foot under a column. 

H C. Lewis found sepmro prisin.s of a pseudoinorpltou.s mineral at Wakolicld, Ottawa, 
which ho named cacuclaMitr from KaKo^, Lad ; and kAucti?, fracture m allusion to its 
want of cleavage The crystalline form i.s probably tetragonal. Its sp. gr. is 3 0r)3, and 
hardness 5 6. It w us analy/.(‘d by P A. (lenth d’ho mineral H|)p(‘ai*H to resemble gi4ilemte. 
and also sarcoid e E VVeinsebenk described thick, four-side<l, light apple-green crystals of 
a mineral from .Mon/.emtiial, ^^hl< b be called fuagnitr,. The ervstuls probably belonged to 
the tetragonal sy.stem ; the ba.sal cleavage was perfect ; thoH[) gr 3*18; and the hardness 
61 ; and the index of refraelion w-c I 691 for Nbi-light The hirefringonce was low 
The mineral is relaterl to akennanite and gohlenito — ndc infra. 

Analyses of gehlenite have been reported by (V F. Rammelsberg, 0. R. Kuhn, 
J. Lemberg, V. von Zejdmrovicli, F. E. Wright, J. Percy, 3. F. L. Haiismann, 
J. H. L, Vogt, H. Bauerman, etc. (A F. BammclslaTg calculated the fonmilu 
H".{R"' 28 i 20 io^ f*r ( 4 i 3 Al 28 i 20 io- Z. Weyberg regarded it as a basic ortliosilicate, 
CaAl2Si.^Og.2('aO ; and P. Grotb, (Ai:{(Al()) 2 (iSi() 4 ) 2 , vatcimn diosifahmnniam 
iliorthosilmilc. There are considerable deviutimjp from these formiihe. F. W. (Tirki' 
represented gehhmite as an ainminato-ortliosiji(*at(* : 

(CaA102),?iSi(), 

W. T. Bfchallcr showed that like th(‘ inelitites all the fuggerites and gehlenites can bo 
rcjiresented as isomorphous mixtures of akennanite, vedardenite, sarcolitc, and 
soda-sarcolite ; Inmce, he suggested that »atural mixtures of two or more of thes(‘ 
coraj)ouiKls 1)0 calleil by the*group-name, melilite, and that the terms gehlenite. and 
fwjgerite be drojijied. J. B. Ferguson and A. F. Buddingtoii call the silicate 
2 (’aG.Al 203 .Si() 2 , gehlenite --yitie gelanienite* 

Gehlenite is found as a secondary mineral jiroduced by contact metamori)liism in 
limestone. It is not infrequently found in furnace scoria* and slags, and reports 
of its occurrence in slags have been made by J. Percy, H. Bauerman, J. H. L. Vogt, 
P. Grotb, J. F. L. Hausmaim, and P. Heberdey. The mineral was synthesized by 
L. Bourgeois by simply fusing the constituents together. F. Fouipie and A. Michel- 
Levy obtained good crystal^ by using mixtures containing magnesia, and iron 
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oxide. C. Doelter reported crystals resembling gehlenite to be formed when basalt 
is fused with limestone, and when vesuvianite is melted. 

The crystals usually form short square prisins ; they are sometimes tabular ; 
and sometimes octahedral. The colour ranges from diferent shades of greyish- 
gfteu to liver-brown. A. des Oloizcaux gave for the axial ratio of the tetragonal 
crystals a : c— 1 : OACKXIB. The cleavage parallel to (001) is imperfect, and parallel 
to ( 100) in traces. V. Schumofl-Deleano and E. Dittler studied the rate of crystalliza- 
tion of fused gehlenite. The sp. gr. ranges from 2*90-3*07 ; and the hardness 
from 5^-6. A. Michel-Levy and A. Lacroix gave for the indices of refraction for 
yellow light 1*663 and €—1*658. The birefringence is weak being €—m— 0*005, 
or, according to H. Roscnbusch, 0*00618. C. Hlawatsch measured the index of 
refraction for different spectral lines. The optical character is negative. When 
treated with hydrochloric acid, the (calcined or uncalcined) mineral is easily decom- 
posed with the separation of gelatinous silicic acid, and the soln. obtained with the 
fresh mineral contains ferrous and ferric chlorides. J. B. Ferguson and A. F. Bud- 
dington studied the solid soln. formed by akermanite, Ca2MgSi207, and gehlenite, 
Ca2Al2Si07, and found a minimum in the curve at 1388° corresponding with 74 
per cent, akermanite, of m.p. 1458°. Sp. gr. of the glasses confirmed this. 
Observations on the alteration of gehlenite in nature have been made by A. Cathrein, 
P. von Sustschinsky, C. R. van Hise, and J. Lemberg. 

In the third century b.c., Theophrastus, in his Flepl Xidtxjv, referred to a mineral 
which he called dvdpa^ ; and about the beginning of our era, Pliny, in his Historia 
mturalis ( 87 . 25-27), referred to the carhunenhs. Theophrastus’ term, meaning a 
burning coal, alluded to the internal fire-like colour and reflection ; the same term 
was applied to some rubies. Pliny’s term was derived from carlo, coal, and had 
the same signification as dvdpa^. These minerals are thought to bo designated 
granatus by Albertus Magnus in his De rnineralibus ( 2 . 7) of the thirteimth century. 
The term was adopted by G. Agricola, ^5 and J. G. Wallerius ; it was translated into 
French grcnal by J. B. L. Rom6 de I’lsle, and into English garnet by R. Kirwan. 
The tmn granatus, meaning like a grain, alluded to likeness of some garnets to the 
seeds of the pomegranate, which are small, numerous, and of a red colour. 

The garnets form a class of isomorphous minerals belonging to the cubic system ; 
and there is also an artificial product, soda-garnet. Their general formula is 
R‘i^^R'/^''(Si04)3, where calcium, manganese, and ferrous iron may replace one 
another as K"-bases ; and aluminium, chromium, and ferric iron act as tervalent 
R'"-elements. In a few cases, titanium may act as a tervalent element replacing 
R'", and it may also partially replace the silica. Thus, there are : 


Sodium garnet 
('ttleium-aluminium ganiet 
Magnesium-aluminium ganiet 
Ferrous-aluminium garnet 
M anganeso-al imi ini urn garnet 
Calcium-ferric garnet 
Calcium-chromium ganiet 
Calcium-ferrititano-garnot 


Lagokiolite, NaflAl j(Si() 4) 3 
Grossulak, Ca3Al2(Si()4)3 
pYRorE, Mg3Al2(Si04)3 
Almanpfne, Fe 3 Al,(Si 04)3 
Spes.sartitk, Mn 3 Al 2 (Si 04)3 
Anprapitk, Ca3Fe2(Si()4)3 
OiJVARoviTE, Ca3Cr2(Si04)3 
ScuoRLOMiTK, Ca3(Fe,Ti)2 {(Si,Ti)04[ 


L. L. Fermor described grandite as a garnet between grossular and andradite : 
and spandiie, between spessartite and ^andradite. The sodium present in some 
grossulars is assumed to be ])resent as isomorphous fagoriolite, when not present 
with an included mineral. The titanium is assumed to be present in the form of 
Ca3Ti2(Si04)3, and also as 0a3Fe2(TK)4)3 ; tlie ferrous-iron in the ferric garnets is 
assumed to be present as Fe3Fe2(Si04)3 ; ’the manganese as Mn3Fe2(Si04)2 ; the 
vanadium as Ca3V2(Si04)3 ; the yttrium as Ca3Y2(Si04)3 ; and the cerium as 
Ca3Ce2(Si04)3, The inter-relations of the garnets have been discussed by 
W. C. Brdggerand H. Backstrom, E. Weinschenk, W. E. Ford, W. Eitel, H. E. Boeke, 
and J. Uhlig. W. E. Ford obtained the results indicated in Table XXIX. 
Lagoriolite has been discussed in connection 'with the alkali aluminium 
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Table XXIX. — Comparison of the Garnets. 


« 

ilex of 
refmcUoQ. 

-- 

8p. gr. 

Mol.wt. 

Mol. vol. 

Pyrope . . . • . 

1*705 

3*510 

.404*5 

1162 

Grossular .... 

1 735 

3*530 

461*7 

127*9 

Spessartito . . . 

1 -m) 

4*180 

490*4 I 

118*8 

Almandino 

1 *830 

. 4 260 

499*1 1 

117*4 

Ouvarovite . . 

1*870 

— 

~ ! 

__ 

Andradite .... 

• 1*895 

3*750 1 

509*3 

135*8 






1 



triorthosilicates. The others will be discussed in connection with the corresponding 
bases, and the descriptions referred to that of grossular which is taken as the type- 
member of the class. W. Eitel investigated the miscibility of the gametic 
minerals, 

A. G. Werner applied the term grossular to a pale green garnet from Siberia. 
The name was derived from grossularia, the botanical name for the gooseberry, and 
applied in allusion to the colour. Various terms have been applied to grossular 
garnets of different colours. 


A cinnamon-brown variety from Coylon was called by A. (1. Werner Kanceli^tvm or 
cinnamon-stone. ; R. J. Plauy called it hessomtc or cssonite. — from ^crfftuv, inferior— in allusion 
to its being less baril than the tnie hyacinth whicli it resembles P. A. I)ufn''noy applied 
the tenn snccimte to an amber-yellow variety fro*m Ala, Pieilmont ; and N. NordenskjOld, 
romamovite — after Count Komanzoff- to a lirown variety from Kimito, Kinland. A. Ueis- 
bach applied the term tellcmarhte to a variety of grossular. Some of tlie green, yellow, 
and brown garnets may be iron-garnets. 'The lighter clear garnets are often called 
hyacinths, and regarded as gem-stones. 'Phe yellowish garnets thus furnish the so-called 
jaemta la bella ; a ycllowish-crimson garnet, the (iiiumac< mo ; a somewhat similar variety, 
tlie vcrmcille, or hya< i nth- ^nvnei ; and a reddish-violet garnet, tlu' mbino ili rocra, and 
also the yrenat iijnam— from Synarn, Pegu— and probably also iUoanuthystzontrs of JMiny. 
The true precious garnet lias a deep clear red colour like Burgundy wine, anil is eitlier a 
pjrope or an almnndito. 


Niim<‘rouH aualyses^^*^ of gro.ssular have been made ; some varieties are free from 
iron oxide, while other varieties may have up to about 8 per cent. A. Liversidge, 
G. A. Kdnig, and H. G. T. Wachtmeister found samples with up to 7 ’() jier cent, of 
manganese oxide ; and L. Colomba, .samples with nearly 5 jier cent, of chromic 
oxide. C. F. Rammelsberg summarized the various analyses by the formula 
Ca3Al2Si3()i.2, which in turn may be regarded as if substitution product of normal 
aluminium orthosilicate, Al4(Si()4)3, calcium dialuminium orthosilicate, 
Ca3Al2(Si04)3. This view is adopted by F. W. Clarke, W. C. Brogger and H. Back* 
strbm, and P. Groth. The graphic formula thus becomes (CaSi()4)3Al2, or 


Ca--SiO<-AI 
Ca --Si 04 =AI 


>8i04 


— Ca 


F. W. Clarke’s formula. 


0 : AI.().(!a.O^ 

0 : '-O..SiO.()-^' * 

0. Tsclicrniak’B fonmila. 


W. and I). Asch represent the garnets as being compounded of two silicates of the 
types 18K0.6R.203.18Si0.^, and 16R0.r)R2()3.I6Si02 ; and apply the hexite- 
pentite hypothesis to them. W. Vernadsky represents the garnets as being com* 
pounded of the mica nucleus {q.v.) with an orthosilicate, R2Al28i.208.R.2Si04. 
P. Erculisse regards the garnets as solid soln,. of metasilicic acid and an alumiiio* 
silicic acid of the type H2SiAl20e. ( 5 . T.schcrmak claimed to have isolated mesotri- 
silicic acid, H4Si308, from grossularitif, and* hence assumed that the mineral is a 
mesotrisilicate. The argument turns on the \%lidity of the assumption that the 
product obtained actually represents the nature of the acidic radicle— vh/c the 
silicic acids. 

W. C. Brogger showed that sodalite can be correlated with the garnets by 
substituting the bivalent A 10 i"-group in place of sodium in soda*garnet ; likewise 
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with the bivalent NaSp 4 '-Ar'-group for nosean The helvito family is also 

related with the garnets if the bivalent S.Mn.S"iroup be substituted for the base, 
and 3Be takes the place of ^Al, furnishing (Mn,fe) 2 (MnS^)Be 3 (Si 04 ) 3 . 

Grossularite is found principally in crystalline limestones where it has been 
dVjveloped by contact mctamorphism. Grossular is a pyrogenic mineral, but its 
synthesis is not easy., T. H. Smith described a colourless grossularite formed by 
deposition from magnetic waters acting on serpentine and gabbro. C. Doelter 
and E. Hussak found that it decompoJbs when melted~i;ifl(c w/ra—and L. Bour- 
geois, and J. IL L. Vogt fused a mixture eq. to gfossular and obtained auorthite 
and inonticellite. The production of grossular must therefore be restricted to 
a limited rang(i of temp.; the observations of L. L. Fermoi' on the probable 
formation of garruits at great depths show that press, may be an important factor; 
K. S. Shi'perd and G. A. Rankin produced grossular by the action of aluminium 
cliloride on calcium orthosilicate under press. A. Gorgeu obtained crystals of a 
substance like grossular by fusing pip(!-clay with aii excess of calcium chloride. 

The garnets all crystallize in the cubic system. Grossular furnishes euhedral 
crystals which are commonly dodecahedrons, and icositetrahedrons, or these in 
c.omhination ; octahedral and cubic crystals are rare. The anhedral crystals arc 
()ft(‘n rounded or irregularly formed, and they may occur in grains and granular 
aggregates. Garnet may also occur massive, granular, or laminated. It may also 
appear to bo compact and crypiocrystalline like nephelite. L. Cahn,^^ and V. Gold- 
schmidt and R. Schrodc^r found growths of nc(Hlle-like crystals of to})az on crystals 
of garnet. The colour of grossular nia/bo white, pale gremi, amber, yellow, brownish- 
yellow, cinnamon-brown, pale ros(‘-n5d, and, when chromium is ])resent, emerald- 
green. Although belonging to the cubic systtmi, D. Brewst(^r showed that the 
crystals may be optically anomalous in (‘xhibiting double refraction. This subject 
has been studied by A. Breithaupt, A. des Cloizeaux, M, Websky, A. Wichmann, 
A. von Lasaulx, P. von Jeremcjell, J. liirschwald, E. Mallard, etc. E. Bertrand 
explained the phenomenon by assuming that the crystals were really pseudorhombic 
or pseudocubic produced by the complex twinning of triclinic individuals, (k Klein 
showed that the normal form of the garnet is cubic, and that the anomalous optical 
structure is a secondary mol. (amdition— probably produced by contraction after 
crystallization. The structure of the crystals is immediately connected witli the 
external form, for the crystals can be regarded as being made up of a series of similar 
pyramids whose vertices meet at the centre. Indeed, many garnets can be easily 
separated into parts corresponding with these ])yraniids. C. Klein distinguished 
four types : (i) The ocMhcdml type corresponding with eight triangular pyiamids 
each of which is uniaxial and negative with the optic axis normal to the octahedral 
face which forms its base, (ii) The dodecahedral type corresj)oiiding with twelve 
rhombic pyramids whoso bases coincide with the faces of the dodecalu'dron. The 
axial plane is parallel to the longer diagonal to whicli the bisectrix is normal, (iii) 
The icosikirahcdral type corresponding with twenty Tour pyramids whose bases aie 
formed by the faces of the tetragonal trisoctahedron to which the optic axis or 
bisectrix of the pyramid is normal, (iv) The hexoctnhedral or ^opazolifw type 
corresponds to forty-eight triangular pyramids with bases corresponding to the 
position of the faces of tin*, vicinal hexoctalicdron of tojiazolite. Each jiyramid is 
biaxial. W. C. Brdgger showed that garnets in igneous rocks which have been 
formed from magmas, or which have been embeddi'd in rocks by regional meta- 
morphism, are uniformly isotropic ; while the crystals which hav(‘ separated from 
hot solii. in crevices, or have boeh formed by contact metainorphism, usually 
exhibit the anomalous double refraction. The dodecahedral faces of the crystals 
are sometimes striated parallel to the longer diagonal. The cleavage or parting 
parallel to (110) is sometimes distinct. S. Nishikawa studied the X-radiogram of a 
garnet. 

The sp. gr. of grossular ranges from 3A-3‘6. W. E. Ford gave 3*530 ; and 
P. J. Holmquist, 3*621. The sp. gr. decreases aftei^ grossular has been melted : 
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thus, M. Seebach found a sample with a sp. gr/ 3*506 before fusion, and 2 860 
after fusion. Analogous observaiions were made by G. Magnus, F. von Kobe)!, 
and A. H. Church. The hardnestfis near 7. P. J. Holmquist found that if quartz 
be 1000, the hardness oif the (lU)-faec is 835 ; on Ihe (llO)-face, 866 ; and on 
the (lOO)-face, 1261. 1% W. F. Oeberg found the.sp. ht. of garnets ranged frqjii 
017i4-t) 1758. The garnets can be readily fused ; C. DoAter gave lllO"' for the 
m.p. of hassonite. C. Ooelter and E. Hussak found that when fused alone, 
meionite, melilite, anorthite, lime-olivine,* lime-nephelite, haomatite, and sjunel 
are produced ; the products vary with the composition of the garnet. C. Doeltcr 
fused grossular with sodium and magnesium Huorides and obtained biotite, 
anortdiite, meionite, olivine, and magnetite. A. Dannholm found the s]). ht. of 
garnet. A. des Cloizeaux gave 1*74 for the index of refraction. 11. Kosenbuscli 
found for a colourless sample l'73y4, 1-7438, and 1-7180 respectively for Li-, Na-, 
and Tl-light ; similarly, for a reddish sample, 1-7399, 1-7441 and 1-7482; for a 
pale yellow sample, 1 7.520, 1-7569, and 1-7617 ; and for a brown sample, 1-7575, 
1*7026, and 1-7670, M. 8cebach gave 1-7320. 1*7364, and 1*7411. The index of 
refraction of grossular which has been fused is smaller- W. E. Ford gave 1*735. 
H. W. Vogel measured the absorjdion spectrum ; and VV. \V. Cobleiitz, the ultra-red 
transmission spectrum. Absorjdion bands wth- found in the yellowish gnum, and 
greenish-hluo parts of the spectrum, in the ultra-red there is a wide ubsorj)tU)n 
band extending from 1‘2-2-6/x, and complete opacity beyond 4-5jLt. 8. C. Lind 
and D. C. Eardw<*ll found that radium rays colour m\ garnet violet or })ur[)le; 
no fluoK'scence or tliermoluminescenee was obseived. 0. Miigge found specimens 
of gurnet with radioactivi' haloi's. IL Bavmk nu'usured the magnetic properties 
of garnet. 

Grossular is not decomposed by acids, but after fusion acids decorniiose the 
product. G. A. Keniigott found that moist and powdi^rcd grossular has an alka- 
line reaction. E. (5 Sullivan fouml that an exchange of hases occurs when garnet is 
treated with a soln. of cupric sulphate. E. IL'ymond studied the action of chlorine 
and of hydrogen chloride on hessonite. The transformation of grossular into 
chloride, epidote, meioniti*, wolldstoiiite, etc., has been discussed by C. R. van Rise, 
E, Millosevich, E. 8, von Peiloroiy, K. von Fellenberg, C. A. Kersten, R. Hermann, 
G. Rose, J. R. Rlum, (itc. J, Roth called an earthy jiroduct of the alt(*ration of 
grossular, achtarntjdiU' J. Lc-mberg studied the action of a soln. of inagiu‘siuin 
chloride on gro.ssular which had been fused. 

.\n iHotnetric miiioral from Aclitamnda, Siboria, was Tlkuniniachto rtuiddc by !<]. (llockrr ; 
m Ikta/andilc, by A Brcillumpt ; and urlUaryiuhlc, hy K. Auvrljudi. It was analyzod by 
K. ttnrmaiiii, and N. von KokscharolT. 'I’lie ('oiin)o!'ition was 28 27 tO'lO pnr ('('nt. HiOj,; 
11-11-13-0(3, AI., 03 ; 14 07-17 09, Ke.O,, 0 42, KeO ; 11*27 14*41, t'aO ; 3 (30 20 07, 

; 8 G1 12*27, H^O A lircithaupt aufiigested (hut tbo crystals are pscudoinorphs 
after lielvito ; (J Hose, alter gro.ssular ; and K. PrAidel, after boracit(\ 

N. L. Roweiv-i^ found a fibrous white mineral in the culcite near the Abitibi River, 
Canada, and he named it echellite — from erfidle, a ladder— in allusion to the ratio 
1 : 2 ; 3 ►4 for the components ((’a,Na2) : Al^Oa : SitL : H2O, calculated from tlie 
analysis. He repre.spnts it by the formula (Ca,Na2)(A10H)2Al2{Si04)3.3H20, or 
calcium ditodroxytetraluminium triorthpsilicate, Ca(A10H)2Al2(Si04)3.3H20, a 
formula which recalls that? of zoisite, Ca2(A10H)Al2(Si04)3. The mineral is 
probably rhombic ; the indices of refraction are a -1 530, jS— 1’533, and y— 1*545 ; 
the optic axial angle is 50° ; and it i» soluble i|i hydrochloric acid. 

H. G. Sage,44 and J. B. L. Rome*de ITsk* mentioned a mineral resembling 
chrosoylite from the Cape of Good Hope, and ^he latter regarded it as a kind of 
schorl. A. G. Werner named it prehnite— after Col. Prehn. R. J. Hatiy found 
specimens of the mineral in France. J. C. Delametherie called a mineral similar 
from the Pyrmiees, cmpholite~~{wm Kowjx)^, tender— h(‘cau.se it occurred in fragile 
masses made of small thin lafnina? or scales. L. P. Walmstedt called a prehnite 
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a hydrat^ zoisite; and A. Lacroix, thomsonite. The coloui'lLr f ^tlY.*i^R*^*green, and the 
mineral is slightly chatoyant on the rounded edges. "The sp. gr. is 3*18 ; the hafuhess 
6-6. It is decomposed by hydrochlonc acid with the separation of flocculent silicic acid. 
W. M. Foote described a mineral occurring at Neepigon Bay, Lake Superior, which was 
called zonochlorile in allusion to its having banded zones with different shades of green. 
G. W. Hawes found the mineral is not liornogenoous, and he regards it as impure prehnite. 
The sp. gr. is 3T13, and Uie hardness 6-7. M. F. Heddle found white or yellowish sheafy 
clusters of plates of a mineral at Uig, Isle of Skye, and lie called it uigite. The sp. gr. is 
2 '284, and the hardness 6|. It is regarded as a decomposition product of prehnite. 
C. VV. Blomstrand found colourless crystals, tinged yellow or green, on Hvitholm, Spits- 
bergen. Ho called the mineral arctolite,^ or rather arktohte. The composition corresponds 
with H 2 (Ca,Mg)jAl 2 Si 30 |,; it thus resembles prehnite with magnesium in place of some of 
the calcium- -t'alnutn rmynimuni dialumimum dthydroiriorthoaihcate. Really, very little 
is known about arctolite. Tlie sp. gr. is 3 03, and the hardness 6. 


Early analyses were made by J. H. Hassenfratz,^® M. H. Klaproth, L. N. Vau- 
quelin, A. Laugier and A. F. Gehlen. A. G. Werner assumed that the contained 
water is ziiolitic, and the mineral is sometimes regarded as a zeolite, but C. F. Ram- 
melsberg showed that the water is expelled only at a red heat, and is therefore 
very ditferent from zeolitic water. Numerous other analyses have been report ed.^^ 
C. F. Rammelsberg calculated from the analyses the formula H 2 Ca 2 Al 2 Si 30 i 2 . 
and assumed it to contain silicic acid, and aluminium and calcium orthosilicates. 

F. W. Clarke gave Al 2 (Si 04 ) 3 Ca 2 H 2 , calcium dialuminium dihydrotriorthosilicate, 
analogous to biotite, Al 2 (Si 04 ) 3 Mg 2 KH ; graphically, he gave : 

A1 SiO,-Al^^'‘^* ^ ^ ®'‘^*>Al-SiO,=:Al Ca=0,=SlO.SiO.O.Al,()H 

^SiO,<,, „ >Si 04 Q 6 

Ca=0,=Si-~0 — AI.OH 

P. W, Clarke’s formula. . C. HithcIi’s formula. 

G. Tschermak gave (0.AI.0.Ca.0)2Si(0.Si0.0.11)2. The analyses indicated 2’66- 
5*30 per cent, of contained water. W. Dittrich and W. Eitel found that good 
samples contained about 4-88 per cent. As in 0. F. Rammelsberg’s experiment 
just cited, the water is retained very tenaciously up to a red heat. E. A. Schneider 
found only 017 per cent, is lost at 105°, and 0'31 between 250° and 300°. C. Hersch 
obtained a similar result. F. W. Dlwke and G. Steiger observed the following 
percentage losses : 

100® ISO® 260® 860° Red heat. Bright red. BlaBt-flame. 

Loss . 0*21 1V18 0*10 0*1 1 0 28 4*06 O^OO 

F. Zambonini similarly obtained small losses up to 430°, and hence he considered 
the water to be constitutional. E. Norin gave 725°-750° for the dehydration 
temp., and also showed that the water is constitutional. G. Tammann found the 
vap, press, of the mineral at 25° to be 0.;39 mm. when 0*2 per cent, was removed, 
Prehnite occurs principially in basic eruptive rocks— basalt, diabase, etc.— as a 
secondary mineral — may be in veins. It is often associated with zeolites, pectolite, 
datolite, calcite, etc. A. Lacroix^® has desciibed a case where it was formed by 
contact metamorphism. It has not been prepared synthetically, and it is doubtful if 
it has been formed at a high temp. Euhedral crystals are rare ; their habit is gene- 
rally tabular, sometimes prismatic and acute pyramidal. The aggregates of tabular 
crystals are united to make broken forms sometimes barrel-shaped. It also fur- 
nishes reniform, globular, or stactictic masses. The structure may be columnar, 
lamellar, or granular. The colour may be white, grey, or green, and the green colour 
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may fade on exposure. The crystals belong to the rhombic system, and A. Strong 
gave a:b: c=0‘84009 : 1 : 0‘55‘194 for the axial ratios ; ' and A. Beutell gave 
0*8420 : 1 : 1*1272. Observations Jgrere made by W. H. Miller, G. Flink, V. M. Gold- 
schmidt, C, F. Naumaniii and A. des Cloizeaux. Tfie cleavage parallel to (001) 
is distinct ; but that p^irallel to (110) is not cleajp. A. des Cloizeaux found tiie 
optic axial angles are variable for the red ray, 2// varying !rom 73*" 43-76° 7', and 
2E from 122° 59-129° 9'. A. Beutell found that for the red ray 2H~1V 41', 
and 2A’-:135° 16' ; for the yellow ray, 2// =*77° 44', 2A^=-135° 26', and 2F-69° 22' ; 
and for the blue ray, 2//~77* 53', and 2/?— 135° 54'. H. von Eckerman gave 
2F— 65° 52'-68° 40'. A. des Cloizeaux found that raising the temp, from 9°-146J° 
changed 2E from 129° 48' to 131° 50' ; and in another case, raising the temp, from 
9°-12r changed 2E from 52° 20' to 50° 28'. Prelinite exhibits in some cases 
optical anomalies. The grouping of the parts in the aggregated forms is some- 
times highly complex, and consequently there are marked variations in the optical 
characters. For instance, A. Mallard observed the crossed dispersion characteristic 
of the monoclinic system ; and there may be mieroscojiic lamination such as occurs 
with microcline. The subject has been investigated by A. des Cloizeaux, A. Mallard, 
B. K. Emerson, and A. Beutell. 

The sp. gr. of prehnitc ranges from 2*802*95; and the hardness is below 5. J . Joly 
gave 0*2003 for the sp. ht. of prehnite. According to C. Doelter, when prchnite is 
fused, and the melt slowly cooled, (;rystals of plagioclase and of wollastonite are 
formed : H2Ca2Al2Si30i2-''=H20-f CaSi03-t CaAl2Si20^. E. Norin studied the 
thermal dissociation of prehnite. According to A. des Cloizeaux, and A. Michel- 
LtWy and A. Lacroix, the indices of refraction for yellow light are 1*616, j8-=l *626, 
and y=l*649. The double refraction is strong; A. Lacroix gave 1*0336. 

H. von Eckermaun gave a=l*6152-l*6157, j8— 1*6243-1*6250 ; and y~l*6454- 
1*6462 for Na-light. The optical character is positive. R. J. Haiiy, C. A. S. Hof- 
mann, C. C. von Leonhard, P. T. Riess and G. Rose, and G. W. Hankel made obser- 
vations on the pyroelectric properties. The polarity is central, the analogous poles 
are at the centre of the base, and the antilogous poles at the extremities of the 
brachydiagonal, 

G, A. Kenngott found that powdered and moistened prehnitc has an alkaline 
reaction towards litmus. According to C. Doelter, prehnite is attacked with diffi- 
culty by hydrochloric acid, with the separation of granular silicic acid ; but 
strongly calcined, or fused jirehnite is readily attacked by acids with the 8(‘paration 
of gelatinous silicib acid. Similar results were obtained by E. Norin. For thermal 
dissociation of prehnite, vide supra. E. G. Sullivati studied dlic action of soln. of 
cupric sulphate on prehnite. The natural transformations of prehnite into green 
earth, felspar, etc., have been discussed by C. R. van Hise, J. R. Blum, H. Laub- 
mann, P. von Sustschinsky, V. von Zepharovich, C. N. Fenner, K. Peters, etc. 
When the mineral is heated in the vapour of Ammonium chloride, F. W. Clarke 
and G. Steiger observed no absorption of ammonia. When prehnite is digested 
with water at 2l0°-220° for .342 hrs., J. Lemberg found that a hydrated silicate 
is formed, Ca2Al2Si30ii.3H20. 

In 1806, A. G. Werner received a specimen of a mineral from Baron von Zois ; 
and it appears to have been called by the Carinthian mineralogists samlpite, being 
found on the Saualpe, Carinthia. A. G. MJprner called it zoisite ; C. C. von Leon- 
hard, iUuderite. R. J. Haiiy f and J. J. Bernhardi associated zoisite with epidote, 
and in this they were followed by many others. H. Steffens emphasized the 
physical differences, and H. J. Brooke separated the two minerals on crystallo- 
graphic grounds. In this, he was supported later by the optical work of A. des 
Cloizeaux. • 

H. J. Brooke applied the term (huUte — after Thule, an ancient name for Norway — 
to a rose-red mineral from Tellemarken, Norway, which he regarded as a variety of epidote, 
The red colour of the porjido roeeo antim is in part due to the presence of thulite pr^uced 
by the alteration of fobpar. A. des Cloizeaux, W. C. BrOgger, and G. Tschermak showed 
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that thulite is a variety of jtoisite. B. Silliman found a white mineral at Unionville, Penn. ; 
he caUed it 'unionife. J. *L. Smith and U. J. Brush at first regarded it as a variety of oligo- 
elaRe, Wt \ateT showed that it is a variety of zoisite. Jl'ide saussurite, wliich often contains 
some zoisite. , * ^ 

f. The first analysis of zoisite .was made by M. H. Klaprpth,^*- ^nd varieties were 
later analyzed by C. F. Bucholz, and A. Laugier. These were followed by analyses 
made by others. C. F. Rammelsberg deduced the formula CagAlgSigOsg ; 
and later gave. H2Ca4AleSi6026. G. Ts^,hermak, and E. Ludwig recommended the 
same formula and assumed zoisite to be isodiraorphous with H2Ca4Fe2Al4Si6026. 
A. Breithaupt and F. Sandberger supposed that chromic oxide can take the place 
of ])art of the alumina. C. F. Rammelsberg showed that the boric oxide found by 
A. des Cloizeaux,- and the zirconia reported by A. von Schrotter, are to be regarded 
as accidental impurities. H. Laspeyres tried to show that zoisite is a salt of silicic 
acid, H4.5SiO4.25 ; and G. Tschermak, that it is the salt of his garnitic acid, 
^481308, namely, (A10H)(CaA102)2Si308. W. Vernadsky regarded it as a com^ 
plex dCa2Al2Si208.Ca(0H)2 ; and F. W. Clarke ascribed it to the foiimila. 

Ca2(A10H)Al2(Si04)3, calcium dialuminium aluminohydroxytriorthosilicate : 

s o 

Al^.SiO-4-Ai<^! ,‘>A10H 

Part of the jdumina can be replaced by ferric oxide owing presumably to the 
existence of an incomplete isomorphqus series with the end-members, aluminium- 
zoisile, HCa2Al3Si3043, and iron-zoisite, HCa2Fe3Si3©i3--'i?ide infra, epidote. 

Zoisite is of secondary origin. It occurs chielly in crystalline schists especially 
in those characterized by amphibolic minerals. It is also found in some granites, 
ami in beds of sulphide ores. The formation of zoisite in natun' has been discussed 
by A. Oathrein,^'^ C. F. Chandler, F. Becke, F. A. Genth, C. R. van Hise, W. Ver- 
nadsky, and T. Hiortdahl and M. Irgens. A. Brun reported the formation of 
zoisite by fusing a mixture of silica, alumina, and lime. This conclusion is doubtful 
because the product contained no water. 

Zoisite occurs in indistinct prismatic or columnar forms, and in fibrous aggre- 
gates. The euhedral prismatic crystals are sometimes striated or furrowed parallel 
to the c-axis. The colour may be white or tinged grey, yellow, green, brown, red, 
or, in the case of thulite, rose-red. H. J. Brooke, as indicated above, showed that 
zoisite is crystallographically different from epidote ; and A. drs Cloizeaux found 
the crystals to be rhombic, not monoclinic like (‘pidote. A. F. Rogers described 
the nionocliuic crystals of clinozoisite. G. Tschermak gave for the axial ratios 
of zoisite a : 6 ; c~0 619G3 : 1 : 0 34295. Observations were also made by 
W. C. Brdgger, F. Zambonini, G. F. Williams, H. Traube, and J. D. Dana. The 
cleavage parallel to (010) is perfect : and it is sometimes developed parallel to (100). 
G. Tschormuk made observations on the twinning of the crystals. P. Tcrmier 
assumed that there are polymorphous zoisites ; in a-zoisite, the plane of the optic 
axis is parallel to (010), and in ^-zoisite, this plane is parallel to (001). P. Termier 
suggested that both forms of crystals are really triclinic and pseudorhombic. 
This hypothesis has not been confirmed. F. Becke said that the alumino-zoisites 
correspond with P. Termier’s a-zoisite, and the ferruginous-zoisites with the 
jB-zoisites. The optic axial angles may be variable even in the same crystal. 
A. des Cloizeaux gave for red light, 42°50' ; for green light, 50° 54' ; and for 
blue light, 65°-70". G. Tschermak gave 2ft==94° 59' for red and 93° 6' for blue 
light. A. Lacroix gave 2A’=95° and 2F— 51°. A. F. Rogers gave 2 V =90° nearly. 
A. Arzruni gave 2/io=108° 14' for J^i-light, 109° 48' 20" for Na-light, and 111° 13' 30" 
for Tl-light. A. des Cloizeaux found the optic axial angle increases rapidly with 
rise of temp., passing from 94° 59' at 21-5° to 107° 28' at 195° 8'. 

E. VVoinaclienk proposed tlie name climzoisite for the monoclinic epidotes which are 
near zoisite in composition, but monoclinic in ciystallization — vide epidote. The pale 
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rose-red crystals of epidote from Goslenvand^ Tyrol, may be regarded as chiiozoisite. 
They are optically positive ; index of refraction, 1*7196; birefringence, y —a =0 0056; optic 
axial angle, 2F = 8r 40'; and sp. gr., 3*372. The variety from Rothonkopf, Zillerthal, 
was optically negative, with the b^fringence y—a= 0*0105. The raonochnio muieral 
named fouquHtti—eiiteT L. Fpuqu4— by A. Lacroix is white br yellow, and resembles zoisite 
in composition. It occurs in the gneiss at Salem and Candy, Ceylon. The opti^l 
character is negative; thePbirefringence y-o— 0 020 ; And sp. g»., 3 ‘24 3-31. 

• 

A. Breithaupt found the sp. gr. of a white variety to be 3* 108, and that of a brown 
variety 3*381. The sp. gr. ranges from 3*1*^3*4. The hardness is 6. J. J. Berzelius 
found that when heated before the blowpipe, zoisite swells up, forming a bubbly 
mass, and finally melts to a glassy slag. A. des CToizeaux obtained a grey enamel. 
P. Herter made some observations on this subject. E. Norin studied the thermal 
dissociation of zoisite, and gave 900“-970"' for the dehydration temp. R. Cusack 
gave 995^ for the m.p. ; A, L. Fletcher, 1045”; and C. Doelter, 1080” 1090”. 
G. A. Kdiiig found that when heated in a tube, the red colour of zoisite becomes 
grey, and when cooled again, the original colour returns. C. F. Rammolsberg 
said that after calcination the proportion of FeO : Fe^Oa increases ; H. Laspeyres 
showed that the opposite result obtains. E. Weiuschenk gave for the indices of 
refraction a=: 1 *6973, /3:- 1*7002, andy .J *7061 ; A. Michel-Levy,a:=- 1*696, j3 - l*69(), 
and y-= 1*702; K. Zimanyi, a=::=j3^1*700, and y— 1*705 ; and B. Tcrmier, 
a— )3 -1*696, and y^^l*7034. A. F. Rogers gave a~l*715, 1*717, and y“l*721 

for clinozoisite with Na-light. The respective birefringences are y a 0 0088, 
0*1X16, 0 005, and 0*(K)73. C. DoeltiT investigated tin* action of X-rays on zoisite 
and found its transparency relative to tin-foH to be as 1 : 14. 

G A. Keniigott^*^ found that powdered and moistened zoisite ri'acts alkaline 
with lit mu'* ; he also reported that zoisite is scarcely afieeted, if at all, by nitric 
acid. C. F. Raninielsberg found that only zoisite which has beim eah'iiu'd is deeoin- 
posed by hvdroehlorie acid with tin? s(‘paration of gelatinous silicic acid. K. Norin 
obtaiiK’d a similar result. 'ITie observations of G. J. Brush, E. Ludwig, R. Her 
maun, F. IT.Mini, and T. Scheerer showed that the elTeet of acid is d(‘teriinned 
l)y the eom[K)sition of the mineral. According to H. liaspeyres, the fine powder 
is comtdetely decomposed by boiling liydrocldoric acid. C. Doelter found that 
sulphur dioxide passed over the mineral at a red-heat has no appreciable 
mtluence. J. licmberg studii'd the action of a soln. of potassium carbonate at 
2lM) ’-2l()' for 708 hrs. ; with .sodium carbonate soln., a soda-lime-cancrinito was 
formed. C. Doelter passed water vap. over a molten mixture of manganous 
chloride and zoisite, and obtained anorthite and a lime-augit(‘. The changes 
which zoisite undergoes in nature have been stiidi(‘^ by J. K. Blum, and (I K. van 
Hise. 

About 1783, B. L. Rome de ITsle and others referred to schorl vert 
dn Dnuphint; J. V. Delamctberie called it thalliie—iiom daXXo^, the colour of 
young twigs— in allusion to the colour; II. B.Me Saus.sure, dclphinite, after tlie 
loealiiy where it wa.s found, and oisanitv, after Bourg d’Oisans ; 1). ]j. G. Karsten, 
anwldJifr, after Arendal ; M. F. R. d’Andrada, akanlhikomte- bom aKavOl^, 
a goldfinch "in allusion to the colour; M. II. Klaproth, scorzo , A. G. Werner, 
pistneite . from marcf/cta, pistachio nut— in allusion to the colour ; and R Haiiy, 
epidote from ImSoais, increase — in allusion to the base of the rhomboidal prism 
having one side longer than the other. , 

A. I.Kivy named a mineral from Arendal, hucklandite- after W. Buekland. (i. Rose, and 
G. vorn Rath referred to a mineral in such terms as to make it appear as if orthite was in 
question. G. Rose referred later to a black epiiloto from Acl)matov8k which N. von 
Kokscharoff called hucklandite. A gioen* minA*al from the same locality was called 
ochmatite—aiteT B. von Achmaloff— by G. Rose. sR. Hermann showed that M. von 
Kokscharoff’s biiigrationite— -after P, Bagration — from Achrnatovsk, is not an epidote but 
a variety of orthite. D. Brewsh^r applied the term after H. Witharn— to a 

red epidote from Glencoe, Scotland. J. A. Wagner called a mineral from Ekaterinburg, 
Ural, pwichkiniie — after M. Pusclikin — A. Osersky, and N, von Kokscharoff showed it 
to be a variety of epidote. T. gcheerer called an epidote from Maggiathale, enchenle— 
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after C. Escher van der Linth. G. Munteanu-Murgoci described green massive ag^- 
gates of a mineral from Lotru, Transylvania, which he called Mrite. Its composition 
approximates 3 (Ca,Mg) 0 . 2 (Al,Fe) 203 . 4 Si 02 . 2 H 20 , its sp. gr. is 3*23 ; its hardness 7^ ; index 
of refraction, 1-67; birefringence, y-a=0’014 ; 2if = 30°; 2F = 18°; and it is optically 
positive. It in supposed to be hionoclinic. The mineral hancocJcite — afterE. P. Hancock — 
was described by S. L. Penfield and C. H. Warren. It occurs at Franklin, New Jersey, and 
resembles epidote in its general properties. Its composition is (Ca/Pb,Sr) 2 (FoOH)AU(Si 04 ) 5 . 
A. Breithaupt’s bm»tu ^ — after M. von Beust — from Predazzo, Tirol, is regarded as a 
variety of epidote. See clinozoisite. A. Damour and A. des Cloizeaux reported crystals 
of a kind of magnesia-epidotc from Lake Ba^cal, Siberia. They called it pieroepidote. 

H. V. C. Descotils published the first analyses of this mineral, and this was 
followed by the analyses of L. N. Vauquelin, M. H Klaproth, C. F. Bucholz, 
K. Hermann, C. F. Rammelsberg, R. Richter and T. Scheerer. Numerous other 
analyses have since been published.^® E. Ludwig made direct determinations 
of the water in a number of epidotes, and found from l‘ 67 - 2‘35 per cent. : 
M. Dittrich and W. Eitel found from 032 - 2-14 per cent.; and F. Zambonini 
found after successively heating to the following temp. : 

80 * 120 * 370 * 460 * 471 “ 

Water lost . . . O'Ott O'lO 0‘10 010 O'lO per cent. 

Attempts to deduce a formula were made by T. Scheerer, R. Hermann, V. Hart- 
wall, and A. Sobrero; and by C. F. Rammelsberg, who represented the idealized 
mineral by CaQKgSiyOjQ. G. Tschermak, and G. A. Kenngott gave H2Ca4Al0Si6O28. 

E. Ludwig confirmed this result, which was later accepted by 0 . F. Rammelsberg. 
As in the case of zoisite, more or less of the alumina can bo replaced by ferric oxide, 
changing alummium-epid-ote, HCa2Al3Si30i3. into iron-epulolc, HCa2Fe3Si3043. 
These form an incomplete series of solid soln., for the most ferruginous epidote 
known can have only 40 per cent, of iron-epidote. G. Tschermak first assumed 
that (!pidote and zoisite are isomorphous ; C. F. Rammelsberg showed that these 
two minerals have the same (composition but different crystalline forms ; and 
G.* Tschermak that they arc isodimorphoiis. The subject was discussed by 

F. Kreutz, W. (’. Hrdgger, E. Weinschenk, P, Termier, F. J. Wiik, A. Arzruni, 
A. Schwantke, and H. li. Barvir. Zoisite is the only representative of the rhombic 
epidotes. The monoclinic epidotes are : 


Clinozoisite . 
Epidote 
Piodmonite . 
Allanite or orthite. 
Hancockito . 


Ca^fAlOHlALiSiO,), 
Ca 2 i(Al,Fo)On}(AI,Fe) 2 (Si 04)3 
Ca 2 (Al()H)(Al,Mn) 2 (Si 04)5 
(Ca,Fe) 2 (A 10 H)(Al,Fe, 00 ) 2 ( 8104)3 
(Ca,Pb,Sr) 2 (FoOH)Al .( 8104)3 


F. Balzac found an epidote approaching the end-member clinozoisite in the 
Ala Valley. H. Laspeyres assumer'. that epidote is a salt of a polysilicic acid with 
the empirical formula H 4.58104 ■25 E- Ludwig found no satisfactory evidence in 
favour of this hypothesis. G. Tschermak assumed epidote to he a salt of gametic 
acid, H4Si308 ; and he considered epidote to be like grossular with an atom 0) 
lime replaced by the radicle AlOH. W. and D. Asch postulated a series of nine 
typical epidotes and adapted their hexites and pentites to them. V. Goldschmidt 
regarded epidote as constituted: 3R"R2'"Si208-fH2Ca02, and F. J. Wiik, as 
H2Ca2(Al,Fe)2Si20io-2CaAl2Si208. F. W. Clarke employed a similar formula 
to that for zoisite (q.v.), dims making aluminium -enidotc, Ca2(A10H}Al2(Si04)3, 
or calcium dialuminium aluminol^drozytriorthosiUcate ; and iron-epidote. 
Ca2(Al0H)Fe2(Si04)3, or calcium dileriic aluminohydroxytriortho9ilicat6. 
P. Groth gave for epidote A10H7=Si04=Al2(Si^4)2=Ca2. W. Vernadsky 
regarded epidote and zoisite as addition products of the mica nucleus 
3R2{Al,Fe)2Si208 with R"(OH)2. 

Epidote is a mineral found in crystalline schists, and is common in gneiss, 
garnet rocks, amphibolitic, paragonitic, and glaucophanic rocks, and phyllites. It 
is a contact mineral in limestones ; and when calcareous ferromagnesian minerals 
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form chlorite, epidote is simultaneously produced. Epidosite is an epidotic 
quartzose rock developed from diabase. C. R. Keyes showed that epidote is 
probably a primary mineral in sojne granites ; A. Michel-L^vy,. B S. Butler, etc., 
have given other examples. The epidotization of f^par, pyroxene, amphibole, 
biotite, scapolite, garnet^ etc., has been discussed by numerous observers. Epidqifce 
has not been made artificially. C. Doelter obtained indications of re-crystalliza- 
tion of epidote by fusing the powdered mineral with sodium and calcium fluorides. 
Garnet, meionite, anorthite, olivine, and magnetite were simultaneously produced. 
When epidote alone was fus^yl, anorthite, and a lime-augite were produced. 

E. S. von Federof! made some observations on this subject. 

Epidote occurs in crystals which are usually prismatic but sometimes acicular. 
It also occurs in fibrous and granular masses, and as epidote sand (scorza). The 
colour is usually a peculiar yellowish-green— pistachio green— seldom found in other 
minerals. This colour, however, shades into brownish-green, greenish-black, and 
black. The mineral also occurs white, grey, yellow, and red, the colour depending 
on the pro})ortion of iron oxide. Measurements of the crystals wen^ made by 
R. .T. Haiiv',®^ C. S. Wei.'^s, A. T. Kupller, F. Mohs, F. Hessenberg, W. Haidiuger, 

L. J. Spencer, W. H. Miller, E. Artini, T. Scheerer, A. Levy, K. Zimanyi, G. vom 
Rath, F. Babanek, G.Flink, J. C. G.de Marignac, J. Griinzer, B. Jezek and A. Krejci, 

M. von Tarassoff, A. des Cloizeaiix, C. Bod<*wig, F. A. Quenstedt, A. Schranf, 

F. Auerbach, V. von Zepharovich, etc. H. Bucking gave a historical review of 
the dilTerent observations which have been made on this subject. J. (’. G. do 
Marignac measured the axial ratios of tl>e monoclinic crystals, and N. von 
Kokscharoff gave a:b : c--l‘r)8()73 : 1 : 1 ‘80574, and -04° 3(>', while his son gave 
I ’57874 : 1 : 1*80362, and j3 -- 64” 36' 50". The latt(‘r values an* considered to be 
more exact. For clinozoisite, with 1 *68 per cent. Fe 203 , N. von Kokscharoff gave 
1-5853: I : 1*8117, and -64° 30' 21"; F. Zambonini gave for an epidote with 
14*90 percent. Fe.^Oa, 1*58187: 1 : 1*80758, and j3=04° 36' ; G.Boeris, for an epidote 
with 16*22 per cent. Fe.^Ou, 1*57886:1:1*80181, and j3— 115° 22' 30"; and 

N. von Kokscharoff, for bucklandite with 16*90 percent, of Fe^Os, 1*5807 : 1 ; 1*8057 
and j3=64° 36'. A. II. \V<‘stergard showed that an increase in the proportion of 
contained fi^rric-epidote increa.ses all the mol. axial ratios. The twinning parallel 
to (KK)) is sometimes lamellar *, twinning parallel to ((X)l) is rare. Tin* cleavage 
parallel to (001) is perfect; and imperfect parallel to (100). H. Baumhauer, and 
J. Granzer found the corrosion figures corresponded with the symmetry of the mono- 
clinic system. A,* des (loizeaux found the; optic axial angle for red light to be 

l'-94° 6' ; 2//o^ll5° 20' ; and 2V 49'. C. Klein gave for red 

light 2//a -9r 12'-91° 26' ; 56' ; and 2F--73° 36'~73° 48' ; for yellow 

light, 2//a-9l° 4' and 91° 20 ; 2//o-=145° 38' *, and 2F-73° 26'~73° 39' ; and 
for green light, 27/a-90° 56'-9r 12' ; 2//o-i46° 36' ; and 2F-73° 13'-73° 26'. 
E. Artini gave for Na-light, 2//o~-144° 10'; ‘l!f/a~96° 18'; and 2F~73° 59'- 
77° 54'. E. H. Forbes, E. Weinscheiik, M. Bauer, W. Ramsay, 0. Andersen, 
C. Klein. E. Ludwig, and G. Schlemmer have noted the effect of ferric iron on 
the optical constants of epidote with M molar per cent, of ferric epidote : 


M . * 0 3 11 14 19 23 27 37 

2r« . 114 40' 98' 20' 90^32' 87" 46' 79" 55' 73" 39' 73" 30' 68" 46' 

t 

A. des Cloizeaux found that the optic axial angles are not much affected by raising 
the temp., the maximum change being 1° 30' when the temp, rose from 36*5°- 
146*5°. M. Gofdschlag found for epidotes wkn 0 (clinozoisite), 19 (epidote), and 
37 (pistacite) per cent, of ferric-epidote, respectively : 


A 

Clinozoisite 
Epidote 
Pistacite . 


588*8 
. 113" 47' 

79" 34' 
• . 68" 53' 


558 0 
111" 29' 
79" 9' 
68" 50' 


628*0 
109" 41' 
79" 7' 
68" 58' 


510-7 
108" 11' 
78" 68' 
69" 1' 
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H, Haga and F. M. Jager studied the X-radiogram of epidote. The reported 
values for the sp. gr. of epidote vary from about 3'04r-3‘554. The former was 
obtained by D. Lovisato for an epidote with ab()ut 12 per cent, of Fe203 and is 
probably low, and the lattei^ by V. von Zepharovich forr a sample with about 18 
pp^ cent, of Fe203. J. Kehldorfer found 3 365 and Weinschenk 3*370 for 
samples with about 1*68 per cent, of ferric oxide. The relation between the sp. gr. 
and ferric oxide content is more or less obscured by other factors : 

• 

Fe./), ... 3 3 -52 5 *67 9 *07 12 03 per cent. 

Sp.gr 3*370 3*399 3*307 3*440 3*386 

Determinations have been reported by A. Breithaupt, A. Renard, J. W. Mallet, 
C. Klein, 0. Andersen, A. Lacroix, H. Wulf, R. Hermann, F. J. Wiik, G. vom 
Rath, (J. Schlemmer, E.*« Ludwig, T. Scheercr, etc. The hardness is about 6. The 
sp. gr. is lowered by calcination ; thus, G. vom Rath found at IS'S'", the sp. gr. of 
an epidote was so reducc'd from 3*361-3*316 . F. von Kobell found for another 
samphi a reduction from 3'46-3*38 ; and C. F. Rammelsberg, a reduction from 
3*403-3*271. W. Suida, C. F. Rammelsberg, H. Laspeyres, D. Lovisato, etc., 
found that the proportion of ferric oxide in epidote was lowered by calcination, 
or by fusion with borax. The loss on ignition is therefore not all due to the loss 
of water and organic matter. T. Scheercr, E. Ludwig, and H. Laspeyres attri- 
buted the causes of the reduction of the f(‘rric oxide to reducing gases from the 
flame ; and C. F. Rammelsberg, and W. Suida to the dissociation of the ferric 
oxide at the t('mp. of the ignition. If. Fizeau found for the coeff. of linear expan- 
sion for the chi(d axis and for the two axes in the plane of vsymmetry, respectively 
a, - .()*()593126, a2 -0*05334{)0, and a.j - -.0*04108600 ; this makes the coeff. of 
cubical expansion - 0*0423335; and the mean linear coeff. 0*057778. 

E. Jannettaz gave 0*634 for the square root of the ratios of the conductivities in 
the dir(!ctions of the a- and y-ax(‘s ; and 1 *088 in tin* directions of the j3- aiid y-axes ; 
ho also found the axial ratios a : ^ : y of the isothermal elli})8e to be 0*934 : 1 : 1*088, 
and the ratios of the thermal conductivities in these directions, 0*87 :1 :1*]8; 
he found that the vertical axis cfOOl) and the j)rincipal axis made an angle 
— U"" 30'. H. Fizeau made some observations on this subject. P. E. W. Oeberg 
found the sp. lit. of ejhdote to be 0*1861 between 16'" and KXL; and d. Joly 
found 0*1877 between 13'^ and 100”. R. (Cusack gave for the m.j)., 9r)4”-976” ; 
A. L. Fletcher, 1001” d026”; A. Brun, 900^-1250”; and C. Doclter, 1095”. 
E. Norin studied the thermal decomposition of epidote and gave 900°-1000° for 
the dehydration temp. ' 

M. Goldsehlag found the indices of refraction increase in magnitude as the 
proportion of ferric epidote increases. This is illustrated by the values of the 
indices of refraction for light of dilferent wave-lengths, A, shown in Table XXX. 
E. H. Forbes, E. Weinsehenk, M. Bauer, W. Ramsay, 0. Andersen, C. Klein, 


Table XXX. — Thk Inuicks of Refraction of Ecidote. 


X 


Cllnozolslto. 

Ki)ldote with 19 per cent, of 
ferrlc-cpldote. 

Epidote with 37 per cent, of 
ferric-epldote. 


a 


‘ y 

a 

^ ! 

1 

y 

a 

^ y 

656*3 



1*7132 


1.-7174 

1*7372 ! 

1*7446 


i 

1*7691 

588*3 

i 1*7136 

1*7172 

1*7188 

1*7217 

.1*7422 ! 

1*7500 

1 7291 

1*7634 1*7796 

568*0 

1*7178 

1*7204 

1*7222 

A 7244 

1*7466 1 

1 7540 

1*7316 

1*7666 * 1*7816 

528*0 

1*7182 

1 1*7210 

1*7237 

1 7266 

1*7479 i 

1*7670 

1*7339 

1*7676 i 1-7836 

623*2 


; 1*7228 

— 

1*7270 

1*7493 1 

1 7679 i 

— 

1 *7691 — 

610*7 

1*7201 

, 1*7238 

1*7268 

1*7286 

1-7504 1 

1*7693 

1-7376 

1*7702 ! 1*7867 

476*9 ! 

! — 

1*7277 , 

— 

1*7319 

1*7561 1 

1 7661 

— 

1*7725 : — 
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E. Ludwig, and C. Schlommer have also investigated the indices of refraction of 
epidote with M molar per c(‘nt. of ferric-epidote, and found 


M 

0 

3 

« 11 

14 

19 

23 

27 

37 

a 

1-7124 

1-7170 

1-7140 

1-7240 

1-7228 

_ 

1-7330 

\rm 

/3 

1*7138 

1-7195 

• 1-7160 

1-7244 

l-74i:f 

1-7582 

1-7693 

1-7020 

y 

1*7175 

1-7232 

1-7240 

1-7344 

1-7633 

~ • 

1-7710 

1-7796 

7-a 

0*0051 

0 0050 

0-0080 

0-0144 

0-0305 

0-0350 

0-0374 

0 0536 


The double refraction of the epidotes low in iron is positive and negative with 
those rich in iron. The transition occurs with epidotes containing 7-11 per cent, 
of ferric-epidote. The })leochroism and interference phenomenon were investigated 
by D. Brewster, J. B. Biot, A. Bertin, and W. Voigt ; and H. Nagaoka examined 
the effect of temp, on the plcochroism. The absorption jdienomena were studied 
by C. Klein, H. l^asjieyres, C. Pulfrich, K. Carvallo, W. Bamsay, and H. Becquerel. 
V. Agafonolf studied the absorption of ultra-violet rays. W. W. f oblentz found 
the ultra-red transmission spectrum show(‘d the hydroxyl band at ,‘1/4 ; and addi- 
tional bands at 4*3/4, 4*7/4, 5*0/4, 5*3/4, 5 *(i/ 4 , 5*0/4. ff*ff/4, and 7*4/4. Some of these 
are common with those of silica. W. Arnold, and L. P. Thompson studied the 
dichroisni of epidote for X-rays; and C. Doelter found that the transparency of 
epidote for the X-rays is .small. K. .lannettaz studied the electrical conductivity 
of epidote. W. Finke measured the magnetic susceptibility 'of epidote. A. des 
idoizeaux found that fused epidote is non-magnetic. B. Bavink studied the pro- 
perties of the (crystals. 

H. Laspeyres found dark green or brownish-gnvn globules of glass in ejiidoto 
which had been calcined. \V. Hermann heat(‘d epidote to dark redm'ss in a stream 
of various gases ; and found in oxgyen, the colour becomes more yellow and darker ; 
in hydrogen, dark yellow ; in coal gas, greeiuT and darker ; and in nitrogen, more 
yellowish-green. The changes are connected with the relative colouring effects of 
ferrous and /(‘rric oxides. T. 8che<Ter, and F. Jjudwig found that th(‘ water which 
is expelled from I'pidote by calcination has an acid reaction. (i A. Kcmngott 
found that e])idot(‘ powdered and moistened has a distinct alkaliiu* reaction 
towards litmus, and the reaction is ratluT faster if the mineral has been calcined. 
(J. A. Binder found that epidote heatini, with carbonated water in a sealed tube at 
16(V for 4 w'eeks, is partly decomposed, but an inapjireciable quantity jiasses into 
solii. E. W. Hoffmann, VV. B. and H. E. Bogi^rs, anci C. G. C. Bischof have made 
observations on this subject. E. Ludwig, and C. F. RamnielsbiTg (1846) found 
that ejiidote is not attacked by hydrochloric acij, but the calcined mineral is 
completely decomjiosed with the separation of ffocculent silicic acid. G. voni Bath 
said epidote is not soluble in hydrochloric acid whether the mineral has or has not 
been calcined. F. von Kobell, W. Baer, and C. F. Bammelsberg (1856) found 
(‘pidote is partially decomposed by hydrochloric Acid, but H. Laspeyres, L. Cordier, 
and A. PI. Nordenskjold said epidote is completely decompo.sed by the boiling acid. 
A. Kenard said that epidote is completely dissolved by hydrochloric acid in a 
scaled tube at 125^-130'^. Cb Doelter found a small decomjiosition when epidote 
is heated^ in a stream of sulphur dioxide. H. Behrens and P. D. C. Kley found 
epidote to be only slightly attacked by sulphuric acid. G. A. Kenngott said that 
epidote is but slightly attacked by nitric acid, but the calcined mineral is easily 
decomposed with the separatipn of gelatindliB silica. E.»Norin obtained a similar 
result. E. Beymond studied the action of chloriiu; and of hydrogen chloride on 
epidote. E. C. Sullivan studied the ex^thange of jDases which occurs in soln. of cupric 
sulphate. Epidote is less liable to alten^fion than a good many silicates ; the con- 
tained iron is mostly present as ferric oxide. Lb Simmonds found that epidote 
does not show any definite reduction by hydrogen at a red heat. The transfor- 
mations of epidote in nature have been discussed by C. R. van Hise,®^ W. Haidinger, 
J. R. Blum, G. Rose, E. Doll, J. Morozewicz, C. Doelter, G. Heusser and G. Claraz, 
A. Lagorio, P. von Jeremejeff, gtc. 

The crystals of a mineral from Vesuvius were at first regarded as a variety of 
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hyacinth; accordingly, M. A. Cappellar®^ called it Jiyacinthus octodecahedricws ; 
J. B. L. Rome de lisle, hyacinte da Vesuve J. Demeste, hyacinie vokanique ; 
P. S. Pallas, Hyacinth-Krystalle ; and J. C. D^lam^therie, hyacinthine. 
J. F. W. Widenmann called it volcanic schorl ; A. G. Werner, and M. H. Klaproth, 
^suvian— 'bom the first knowil locality ; and R. J. Haiiy, ido€rast>—bom €i8w, I 
see ; and KpdoLs, mixture-— in allusion to a resemblance between its crystalline 
forms and those of other species. J. D..Dana changed A. G . Werner’s term vesuvian 
into vesuvianite. 

A. G. Wemer assumed tliat tlie mineral is exclusively volcanic. An identical mineral 
was found by C. A. Murray, at Gttkum, Finland, and called by J. von Lobo gahnitc—SiiteY 
J. C. Gahn ; J. J. Berzelius called it loboitc — after J. von Lobo da Silveira ; and 
T. Thomson, gokumite. A magnesian variety from Frugard was called by N. Norden* 
skjOld, frugardite, ; it lial a sp. gr. while a non-raagnesian variety of sp. gr. 3 '390 

from the same locality was called jevrednovite. A sub-columnar brown variety from 
Eger, Bohemia, was called ege.rmi by A, G. Wemer. J. J. Berzelius called a bluish variety 
containing a trace of copper cyprine. It was found at Tollemarken, Noi-way, and analyzed 
by G. LindstrOm. J, V, Lewis and L. H. Bauer found a specimen in Franklin, Now .fersey, 
and it was analyzed and described by E. V. Shannon. T. Thomson called a yellowish- 
brown variety from Amity, New York, aniliite — from ^ai>0d?, yellow. R. Plerinann 
found small green prisms of a variety ^f vesuvianite at iilatoust, Fral, and called it hdero- 
merite — from trepos, other ; p^pos, part — in allusion to a supposed variation in the 
normal conipositiou, A. von Lasaulx called a manganiferous variety from St. Marcel. Pied- 
mont, and from Pajsberg, mangan-idocrmc, or mangam-WHuriamte. See colophonite. 
The mineral wiluitc, or viluUe from Wilui or Vilui, Siberia, described by N, von Kokscharoff, 
A. T. Kupffer, J*. S. Pallas, A. Estner, M. H. Klaproth, R. J. Hauy, 0, C. von Leonhard, 
C. A. S. Kofrnann, and V. von Zepharovich occurs associated with grossular, and is con- 
sidered to be a boriferous variety of vesuvianite. 'Fhe mineral calijormte, found by 
G. F. Kunz in California, lias the appearance of jade, and it takes a high polisli. It is a 
variety of vesuvianite. 

M. H. Klaproth, and F. von Kobell analyzed the mineral, but the results were 
not unlike those for garnet. G. Magnus believed that garnet and v(‘suvianite had 
the same con\position ; but R. Hermann held a different view. G . Magnus said that, 
on melting, the sp. gr. is reduced while the weight is not affecti'd ; but C. F. Ram- 
melsberg showed that there is a 2-3 per cent, loss owing to the exjuilsion of water. 
This was later confirmed by G. Magnus, and T. 8cheeror. The latter said that the 
water is not to be regarded as a secondary but rather as a primary constituent. 
M. Weibull, G. Lindstrdm, L. Iwanoff, E. Grill, and J. H. Vogel found samples 
with up to nearly 2 per cent, of fluorine ; and (A F. Rammelshcrg, R. A. Prendel, 
P. Jannasch, E. T. Wherry an"^ W. H. Chajiin, samples with up to 10'20 per cent, 
of boric oxide. Many attempts have been made to find the primary compound 
in vesuvianite. It is probably a solid soln. of several minerals. C. F. Rammelsberg 
required four formulae to represexit the composition.'! of different varieties of the 
mineral. P. Jannasch and P. Weingarten gave Ca2{0H)AlSi.207 ; M. Weibull, 
CaR"Al2R"'(OH,F)Si5O20, where R" repre.sents Mg, Fe, Ca, Mn, Na2, K2, H2 or 
(MgOH)2 ; while R'" represents Al, Fo, Ti, or B ; H. Sjogren, R"{R"Al(Si04)3}2, 
where R" denotes (AlOH)", (AIF)", Ga, Mg, Nao, H2, and (CaOH)2 ; P. Groth. 
{Al(0H,F)|Ca6Al2(Si04)B ; G. Tschermak, H4Cai2Al6Siio043 ; and F. W- Clarke, 
K'4Ca7Al28i(j024, where R'4 may be Ca2, (A10H)2, jAl(OH)2|4, or H4. There are 
some replacements of calcium by magnesium and iron ; a little of the hydroxyl 
may replace fluorine, and some boric oxide may be present. F. W. Clarke gave 
the graphic formula : 

4 -Ca 33:;SiO 4\ 

Al“SiG4-C9»_SiOwAl 
Al(0H)--^i04--Ca ~Si04~ Al(OH) 

which is very like that of epidote, but with Cas in place of AI2. E. V. Shannon 
represented its composition by 4R"0.R203.3Si02 with part of the oxygen replaced 
by F- and HO-groups. 

Vesuvianite is found among the ancient ejecta of Vesuvius, and in the dolomitic 
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blocks of Monte Somma. It occurs as a product of contact metamorphism in 
granular limestones, and it is then associated with pyroxene, scapolite, garnet, 
Jpidote, diopside, and wojlastonitl. It is also found in serpentines, gneiss, chlorite 
jchists, and related rocks. V . Goldschmidt considers that as a contact mineral it is 
formed by the association of garnet, wollastonite, And watwr ; Ca3Al2Si30i2H-N20 
4-CaSi03=2Ca2AISi207(0H). E. Mitscherlich, and R. A. Prendel found crystals 
of what was considered to be vesuvianit^ in blast-furnace slags, but F. Fouqu4, 
and F. Fouque and A. Michel-Levy doubted the inference. A. Daubree reported 
the synthesis of a product like vesuvianite by the action of silicon tetrachloride 
on a mixture of alumina and lime. H. St. C. Deville said that the product was 
probably something other than vesuvianite. F. Foiique' and A. Michel-Levy, and 
C. Hintze said that it is doubtful if vesuviante has been synthesized. M. K. Klap- 
roth obtained a crust of what he regarded as crystals of vesuvianite by cooling the 
molten mineral. A. des Cloizeaux obtained crystals in an analogous manner, but 
F. Fouque and A. Michel-LtWy showed that they were a mixture of melanite, 
anorthite, and pyroxene. C. Doelter and E. Hussak also showed that the fusion 
of vesuvianite is attended by its deconq)osition, forming meionite, nu'Iilite, anorthite, 
and a calcium-chrysolite. (’. Doelter also tried to obtain crystals by heating 
vesuvianite with calcium or ammonium tluoride, and by lieating mixtures of gros- 
sular and wollastonite with sodium or calcium fluoride, but oht aim'd (lehlvnifarluje 
horper, not vesuvianite. 

Vesuvianite occurs in euhedral cry.stals^; in irregular anhedral crystals ; in 
aggregate's of prisms ; and in granular cryptocrystalline masses. The colour is 
brown to green, and sometimes sulphur-yellow or pale-blue. M. Weibull has com- 
piled a table showing the colours of crystals containing different ])ro})orti()n8 of 
ferrous and ferric oxides. He said that the yellow crystals have but little ferrous 
oxide, and up to about 3 per cent, of ferric oxide ; the green crystals have u}) to 
about 1 per cent, of ferrous oxide, and 4 per eent. of ferric oxide ; while the brown 
crystals have over 2 i)er cent, of ferrous oxide and about th(5 same quantity of 
ferric oxide. The crystals were examined by J. B. L. Rome de Tlsle, R. J. Haiiy, 
N. von Kokscharotf, A. Breithaupt, R. A. Prendel, P. Groth, J^. Wiser, Doelter, 
A. Cathrein, W. J. Lewis, M. Tarassoif, G. Striiver, F. Tamnau, etc. A. T. Kupffer 
gave for the axial ratio of the tetragonal crystals a : o— 1 : 0 5.37195 ; and V. von 
Zepharovich, 1:0’537541. The cleavage parallel to (1 10) is not very distinct; 
and the ch^avage parallel to (100) and (001) is still less so. There is sometimes a 
lamellar structure with a tendency to scale in thi^ layers. The corrosion figures 
were examined by F. Leydolt, and R. A. Prendel. Some crystals of vesuvianite 
are optically anomalous and exhibit biaxial phenomena ; indeed, A. Brezina 
found crystals from Ala with an optic axial angle 2 jE= 62° 25' for red rays, 62*^ 47' 
for yellow rays. The phenomenon was studied by A. Madelung, E. Mallard, 
A. von Lasaulx, F. Klocke, and R. A. Prendel. The crystals appear to be made up 
of segments with different optical properties, and oriented with respect to the out- 
ward form of the mineral as in the case of garnet, analcite, etc. The structure 
seems to^have been produced by strains subsequent to crystallization. F. Klocke 
found that compression changed biaxial into uniaxial crystals. A. des Cloizeaux 
observed no change in the optical behaviour by raising the temp, from 12^-161°. 
C. Doelter found that by heatjpg to redness the axial angle, if small, increased, and if 
large, decreased. R. A. Prendel found that near 300° biaxial wiluite became uniaxial. 

The sp. gr of vesuvianite ranges from 3*35-3 55. G. Magnus found the sp. gr. 
after fusion is reduced to 2*95 ; and Vairentrapp, to 2*93. The hardness is 
C-7. A. Brun gave for the m.p. SOtP-lOOO^; R. Cusack, 1 024°-! 025 ; and 
A. L. Fletcher, 1074°-1085°. As indicated above, the mineral decomposes when 
melted. R. A. Prendel found the coef!. of thermal expansion between 20° and 
120° to be 0*00095-0*00111 parallel to the chief axis, and 0*0(X)77' 0'0(X)9l per- 
pendicular to the chief axis. J. Joly gave 0*19457-^) 19529 for the sp. ht. E. Jan- 
nettaz found the square root of the ratio of the thermal conductivities perpendi- 
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cular and parallel to the chief axis to bo 0*95. R. A. Prendel found the conductivity 
parallel to the chief axis is greater than perpendicular thereto. The indices of 
refraction are high. A. le^ Cloizeaux gave €=^1'719-1'722, and co=l‘718-l*720 
for yellow rays; H. Rosenbusch, €— 1‘7226, and w— 1’7235; C. Hlawatsch, 
€L^1-701--1-726, and roj- 1 '705-1 *732 ; F. Zambonini, *€=1 '7004-1 '721 6, and 
a>~l '7032-1 ‘7324 ; and E. V. Shannon, a>— 1'710, and €=1'698. The birefringence 
is weak. F. Zambonini gave cu— €=0'0018-0‘0034 : and C. Hlawatsch gave 0 00301 
for the B-t&y ; 0 00274 for the D-ray ;*0'00245 for the F-ray ; and 0'00187 for 
the G-r&y. The optical character is usually negative, that of wiluite is positive. 
As indicated above, the colour, optical character, and refractive index may be 
variable in successive concentric layers of the same crystal. The pleocliroism is 
not usually strong. A. des Cloizeaux, and A. von Lasaulx reported that e is colour- 
less or yellowish, and oj is reddish, yellowish, or greenish, E, Bertrand found a 
manganiferous vesuvianite from Jakobsberg showed an orange and amethyst-violet 
colour. A. Solmcke, and A. Engelhardt observed the fluorescence of vesuvianite. 
H. Boc(|uer(d studied the absorption spectrum. C. Doelter found vesuvianite to 
be more transpanuit for X-rays tlian calcspar. G. W. Hankel studied the pyro- 
electric; |)roperties, and B. Bavink, tin; magnetic properti(‘S of vesuvianite. 

G. A. Kenngott^i found the powdereil and moisteiu'd miiu'ral reacts alkaline 
t()ward.s litmus. Hydrochloric acid has scarcely any eflect on the mineral, but 
after calcination, or better, after fusion, vesuvianite is attacki'd by the acid with 
the sejiaration of gelatinous silicic acid. E. C. Sullivan studied the basic exchange 
of vesuvianite in cupric sulphate soln. Vesuvianite under various natural condi- 
tions alters to clinochlore, muia, diopside, and garnet. These alterations have 
been inv(!stigatcd by J. R, Blum, P. Jeremejelf, P. Miklaschewsky, G. Sillem, 
G. Tschermak, and J. Lemberg. The last-named studied the action of soln. of 
magnesium snljibate and chloride on vesuvianite at 13()'-18(P. 

F. E. Wright found a mineral like gehlenite in the Velardena mining district, 
Mexico ; and W. T. Schaller considers that the analysis corresponds with a mixture 
of what he called velardenite, 2CaO.Al2O3.SiO2, with about 20 per cent, of aker- 
manite, 4Mg0.8Ca0.9Si02. The composition of the assumed vidardenite is that 
of calcium diaiuminatometasilicate, Si0(A102.Ca.0)2, or, as AV. T. Schalh'r writes 
it, ((taA102.0)38i.O.Si0.0.Si.(O.GaA102)3. J. B. Ferguson and A. F. Buddington 
apply the term (jehlemte to this compound. The compound was artificially prepared 
by Z. Weyburg by fusing china clay with a small projiortion of. calcium bromide, 
and washing out the matters soluble in water. The descrijitions of the jiroperties 
of the mintual by F.*E. Wriglit, and of the artificial crystals by Z. Weyberg and 
G. A. Kaiikin and co-workers, an* very much alike. 
Thufj, writing the properties of the mineral first, 
botji furnish tetragonal crystals, the cleavage (001) 
is imperfect and the prism cleavage is poor ; the 
(001) cleavage is distinct. The sp. gr. is 3'039, and 
3'038 ; the hardness 5 and 6 ; the m.]). 1590'^ ; 
the indices of refraction, w^l'CGfi afid 1*667, and 
€=^1'661 and 1'658 : while ca— c^O'OObf) and 0 009. 
E. V. Shannon gave w-1'657, and c^l'653. The 
refractive index of the glass is 1'638. The optical 
character of both is negative. G. A. Rankin and 
Per cent. dkerntdfiiCe y. E, Wright’^ diagram. Fig. 158, shows the regions 

Fio. 178. - Freezing-point of stability of this compound. Its m.p. is 1590^^ + 2°. 
Curves of Mixtvires of 2CaO, F. ^E. Wright added further that the colour of 
Mg0.2Si()2 and 2CaO.AbO,. yelardenite is dark grey or greyish-black owing to 
‘ ■■ minute inclusions of magnetite, etc. ; the colour is 

rarely amber-yellow. The fracture is irregular and uneven, conchoidal to splintery. 
The mineral is gelatinized by acids. 

J. B. Ferguson and A. F. Buddington obtained 'the f.p. diagram, Fig. 178 for 
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binary mixtures of akermanite, 2Ca0.Mg0.2Si02, and gehlenite, 2 Ca 0 .Al 203 . 2 Si 02 . 
There is a series of solid soln. with a minimum m.p. at 1388°, a little below the in.p. 
of diopside, and corresponds wifli 74 per cent, of akermanite and 26 per cent, of 
2 CaO.Al 2 O 3 .SiO 2 . The^ found for the sp, gr., the sp. vol. of crystals and glass of 
the binary series, at 25* : * * ^ 


Akermanite . 

“►fa-" 


0 25 
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2 '884 . 2*903 
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95*2 94*5 


60 
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This conforms with the isoinorphoiis charaeter of the system. The optical 
characters of the crystals for Na-hght are : 
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The references of I. S. R. I. Etpies a Born, F. de St. Foiul,*and J. B. L. Ibmn* 
de risle, to a zcohthvs crys(alHsatn}< vtdncui> or zeolite cn cubes, probably apply to 
tlie zeolite called by B. d’Antic, and K. .\.Hiiny,vhuhasie, and by A. 8. Hofimann 
(1818), chabasite — from ;(a)3dcrtos, <pn dhujnoit une certaine espke de pierre. 


'I'ho corruptiHl form ^rhahimic vns used by (' A. 8 . HotTinaim (1812), aiul diabtutm bv 
1) 1. (J. Karet^m. C. S, VVcisB onlled the mineral Kuboiziif\ The acadtohte or aeadiahU' 
from Nova Hcoiia — the .Vcudia of fbo old Freneb— mentioned by J. I). Dana, T. TlioinRon, 
and F. JlofTmanii, ih, according to the analyses of A. A. Hayes and(\ F. Hainrnelsberg, 
notlimg but a reddish eliaba/ite 'I'lio hayikniiv of F. Cleavelaiid- named after 
H H. llay<l‘*n - found near Jones’ Falls, Baltimore, is, according to A. L 6 vy, H J. BrooUe, 
A. K. DelcsBO, and J, 1). Dana, an altered ebabazito, F. "I'arnnau found twinned ciyKtals of 
a mineral at J.cijia, Bohemia, and bo called it phacolitc— from <f)aK6s, a bi'an — in allusion 
to its lenticular slia|)e. A. Brcilbuupt, (J. Bose, and J. F. L Jlnusniaim showed that 
phacolito IS only a variety of ebabazite. This mineral w'as studied by G. F. H. Smith and 
co-workers. A i.i'vy apiilied the term /imr/icb/c— afti'r J, 1"'. \V Herscliol- to a rlioinbie 
mineral found in tlu' lava at Aci Gastello, Sicily. It was analyzed liy A. Damour, and 
W. S. von Waltcrsbau.sen, and sbow n by A. Breitlmu})t to be a variety of ebabazito. Accord - 
mg to VV. Haidm^er, the mesobn of J, J. Berzeiius was probably ebabazite, although 
J. D. Dana, C Doelter, and A. des Cloizeaux regarded it as lovyno A siliceous lierscheliB* 
from Australia w as nHmo<l »<ehachite — after K von Sceoacli — by Ri. Bauer ; but C. b. Bam- 
melsberg, and ( 1 vom Bath showed tliat it is an impure cbabazitei. T. Thomson’s doranitv 
from Antrim wa.s shown by J. 1). Dana to be a variety of eliabazite ; A. des Cloizeaux 
regarded it as a variety of unalcito. K. Bonovier found a mineral in cavities between the 
crystalsof calcspar of Molasse, Ijausarmc Hocalle(^tH(/i;n<c- fromitdcpw, fat. .1. 1). Dana 
regarded it as ebabazite F. Gonnard found u zeolite in cavities in the basalts 
near Montbrison, Loire, in hexagonal plates. He callo<i it offretUe. V. Durrfiold 
described a similar mineral from Baul’s Island The analysis of ofiretile corresponded with 
(K2Ca)2AlgSi,4(),j,.17H J) ; and F. W. Clarke considei's it to be compounded of [)oiash-and 
lime-clmbazites of the general fomiulaj Jv 2 HAl 3 (SijO,) 3 . 8 H 2 (), and CaHAl 3 (Si 04 ) 3 . 8 H.; 0 . 
The sp. ^r. is 2*13. 


The first analysis of, ebabazite was made by L. N. Vaiiquelin.'^'* Numerous 
analyses of ebabazite have 'since been reported. As in the case of other zeolites 
one species has been confused with others — c.g. chabazites have been confused with 
gmelinite and levync— and, as just indicated, some impure or slightly altered 
chabazites have been given special rikmes. This subject has been discussed by 
J. Leniberg,75 A. Streng, G. vora Rath, G. Tammann, G. Rose, and F. Tamnau. 
0. F. Rammelsberg 76 was not very successful in 1875 in generalizing the chemical 
analyses into a formula. The forjnula CaAl 2 Si 4 ()i 2 . 6 HiiO is generally considered as 
reprc.senting the composition of the idealized mineral. This would make it 
hexahydrated calcium dialufainium tetrametasilicate. Structural formulae have 
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been proposed by R. G^ns, F. Singer, C. Herscb, and F. W. Clarke. The last-named 
gave 

• q: A .^^<=Ca * 

Al^ijOg-AlC!^* >Al~Si04=Al 

A. Streng arranged * the chabazites into three groups, R"Al2Si30io*5H20 ; 
R"Al2Si40i2.6H20 ; and R"Al2Si60i4i?H20. He regarded the chabazites as 
isomorphous mixtures of different silicates of the same type. C. F. Rammelsberg 
(1885 -95), W. F. Fresenius, P. Groth, and J. Lemberg adopted similar hypotheses. 
G. Tschermak, and F. Doelter consider cliabazite to be a compound of calcium 
aluminium silicate and silicic acid, and the former considers that the silicate 
H4CaAl2Si20io is the cliabazite nucleus, Cz, and that the chabazites are formed by 
the association of this with four different silicic acids, making H8Si4O12.Cz.2Aq. ; 
H4Si2Ofl.Cz.2Aq. ; H4Si204,(/Z.2Aq. ; and H2Si2O3.Cz.2Aq. E. Baschieri, and 
G. Tschermak believe that the silicic acid which is furnished by the decomposition 
of cliabazite with dil. hydrochloric acid is of the leucitic acid type, H8Si40i2. 

The analyses of the chabazites indicate the presence of 17'83-22’32 per cent, of 
water. Attempts have been made tjo find out the nature of the water associated 
with chabazite.77 Thugutt found that there is from ()41-1’21 per cent, 

more water in cliabazite of grain-size up to lOjit, than in chabazite of grain-size 
0*1 -0*5 mm. — indicating that the finer the grain, the more the contained water. 
Presumably the greater the surface-area of the fine-grained powder, the greater the 
amount of absorbed water. G. Friedel, indeed, inferred that at ordinary temp, 
the chabazites are not in equilibrium with atm. moisture until they have absorbed 
5-7 per cent. more. (J. Hintze found that chabazite lost 2 mols. of water when kept 
over calcium chloride for a week ; and A. Damour, 7'2 per cent, of water after five 
months’ exposure to dry air. The lost water, and 0*15 per cent, more was regained 
on exposure for some months to ordinary air. Measurements of the loss of water 
at different temp, have been made by G. F. Rammelsberg, A. Damour, C. Bodewig, 
A. Strong, A. Bygden, E. Manasse, L. Pelacani, F. W. (’larke and 0. Steiger, 
etc. C. Hersch found : 

102* 125* 155* lfl5* 240* 205* 200* Red heat. 

Loss. . 5*77 0T)1 0-22 I1-29 13T>5 14 44 14 81 22 47 per cent. 


He obtained similar results with phacolite. G. Friedel found the percentage loss 
(— ) or gain ( f) when chabazito^is heated to in a stream of air sat. with water 
at dfl", to be : 
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A correction is needed for the absorption of air, for chabazite can absorb up to 2-7 
per cent, of air. Thus, a specimen which lost 21-9 per cent, of water at 800“^ when 
cooled 15 mins, in dry air appeared to have lost 19'56 per cent. The difference 
represents the air absorbed in cooling. Hence, the determination of water as loss 
on ignition may bo vitiated by the absorption of air. G. Stoklossa obtained breaks 
in the rehydration curve of dehydrated chabazite representing 10 hydrates. G. vom 
Rath, G. Taramann, and E. Lowenstein measured the vap. press, of the water of 
chabazite. The last-named found at 25”, over^sulphuric acid of different cone, and 
their corresponding different vap. prdlj?. of water in mm. of mercury : 

Vap, press. . . . 21'58 • 17*63 8*82 1’76 0-66 0 18 mm. 

Loas water . . 0’21 0*64 0*97 2*94 4 67 6*90 per cent. 

A. Damour observed that the 19 per cent, loss which chabazite suffered at a 
red-heat was regained on exposure to a moist atm. for 3 days ; but when calcined 
to dull redness, 21 per cent, was lost, and the mineral was no longer hygroscopic. 
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Similar results were obtained with phacolite. J. Lemberg found that artificial 
potash-chabazite which had lost 16*98 per cent, of water by gentle ignition, regained 
16*10 per cent, on exposure to nlbist air ; but after calcining to the sintering temp, 
only 3*84 per cent, was* regained after immersion in water for 2 months. Soda- 
chabazite similarly lost?19*33 per cent, of water by<gentle ignition, and regained €nly 
8*39 per cent, on exposure to moist air. The differences, 0*88 per cent, in the case 
of potash-chabazite, and 10*94 per cent, in the case of soda-chabazite, were regarded 
as basic water. ^ 

G. Frieders views ^8 on the*nature of zeolitic water — r/de zeolites — are supported 
by the fact that the water in the dehydrated ehabazite can be replaced by many other 
substances. G. Friedel showed that the water can be restored after dehydration, 
and F. Grandjean found that if the dehydrated mineral be placed in an atm. of 
dry ammonia, dry hydrogen .sulphide, ethyl alcohol, and silicon tetrafluoride or 
tetrachloride, iodine, bromine, mercurous chloride, mercury, mercuric sulphide, 
and sulphur, these com})ound8 are absorbed instead of water. He measured the 
optical properties of the products. F. Rinne found that carbon disul))hide or 
dioxide, chloroform, benzene, aniline, and ether arc absorbed; and 0. Weigel 
and E. Steinhoff, water, methyl and ethyl alcohols, ether, acetone, benzene, and 
formic acid. R. Seeliger and K. Jjapkamj), and R. Nacken and W. Wolff studied 
the absorption of helium, neon, nitrogen, oxygen, HK'thane., nitric oxide, carbon 
dioxide, ethane, hydrogen, and ammonia by 80 per cent, dehydrated cdiabazite. 
The vol., V, of gas is a function of the ])ress., p cm., so that where a is a 

constant varying from 0*0C“138*(K), and is dqKmdent on the nature of the gas ; and 
n is a constant also dependent on the nature of the gas varying from 0 to 96. 
The action is either a mechanical condensation of the gas or a mol. action. 
F. Rinne found that a partially dehydrated crystal plate of the mineral when 
placed in liquid carbon bisulphide exhibits a gradual change in extinction 
•angles, and becomes more strongly birefringent ; on heating the plate., the 
carbon bisulphide is (‘xpelled with a return to the original optical characters. 
Th(‘ absorption of carbon dioxide, alcohol, (ddoroform, benzene, or aniline is accom- 
panied by similar changes in the optical characters ; K. Nacken and W. Wolff 
found that dehydrated ehabazite absorbed 1*3 per cent, by weight of nitrogen; 
and that it absorbed air, carbon dioxide, and coal gas. 

The formation of ehabazite as a Mretiomprodukl of archaic shales was discussed 
by F. Schalch,^'*^. des Cloizeaux, and 0. Sismonda. E. Baur noted the formation 
of ehabazite by hydrothermal processe.s, and A. Daubree observed ehabazite crystals 
were produced in cavities in ihe brick-masonry and about' the thermal springs at 
Rlombi^res, Luxeuil, Haute Haone ; Bourbonne-les-Bains, Haute Marne ; and 
Oran, Algiers. J. R. Blum found ehabazite crystals on pieces of lignite, wood, etc. 
in a mine at Marienberg, Nassau. G. Tamn^ found crystals of ehabazite lining 
fossil shells of the Fenus ishndica in a recent deposit of Husavic, Iceland. C. Doelter, 
K. Hofmann, C. R. van Hise, A. Himmclbaucr, and F. ('ornu observed the formation 
of ehabazite from other silicates— anorthite, plagioclasc, trachyte, hauyne, etc. 
H. St. C. Deville obtained hexagonal plates of what he regarded as levyne by 
heating a soln. of potassium and sodium aluminates in a scaled glass tube. The 
product is now regarded as an alkali-chabazite. C. Doelter digested the powdered 
mineral in water sat. with carbon diojftde in a sealpd tube for 9 days at 150®, 
and obtained minute rhombic crystals. Similar results were obtained with liquid 
carbon dioxide in place of carbonated water. C. Doelter obtained a similar product 
by the prolonged digestion of a mixture of fr^^^lily precipitated silicic acid, aluminium 
hydroxide, calcium hydroxide, and carbonated water in a sealed tube at 200®. 
R. Gans made soda-chabazite by dissolving sdicic acid and aluminium hydroxide 
in soda-lye. C. Doelter obtained ehabazite as a by-product in a number of reactions 
—e.g. by digesting okanitc, ammonium chloride, sodium carbonate, and carbonated 
water in a sealed tube at 220® ; the rhombohedral crystals of ehabazite were decom- 
posed by analcite and aimphyllitc. Chabazite was obtained by digesting a mixture 
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of powdered aiiorthite,. freshly precipitated silicic acid, and carbonated water for 
14 days at 200^ 

Chabazite occurs massive, as incrustations, aitl in crystals of a white or brick- 
red colour. M. Wcbsky found that when brown or orangfe chabazite from Striegau 
is ieated in a closed tube, it is Hackened, and some tarry ifiatters are distilled off ; 
on cooling, the colour becomes bluish-grey. The crystals belong to the scalenoliedral 
section of the trigonal system, and, according to W. Phillips, they have the axial 
ratio a:c=^l : 1‘0860. G. Tschermak regarded the crystals as monoclinic with 
a :b : c--0'4630 : 1 ; 0'3406, and ^--83“ 31', and aS forming a family group with 
gmelinit(^ and Icvyiie. G. F. H. Smith and co-workers also studied this family 
group. Euhedral crystals generally appear as simple rhombohedrons resembling 
a cube, with angles varying so little from 90° that the crystals have been mistaken 
for cubes. The crystals have been discussed by A. des (loizeaux, W, H. Miller, 
A. btreng, A. Schrauf, G. vom Rath, F. Tamnau, etc. G. Tschermak 
said that chabazite crystals mimic monoclinic crystals of axial ratios a :h : c 
■^0’4630: 1 : 0‘3106, and jS- 83° 34'. The cleavage })arallel to (1011) is rather 
distinct. Twinning by penetration is common ; while contact twins about the 
composition plane ( 1011 ) are rare. D. Brewster found that the crystals are optically 
anomalous because sometimcis th(‘y a])pear distinctly biaxial. F. Becke assumed that 
the rhombohedral Crystals an; ])ro(luced by the twinning of six or more triclinic 
individuals. (?, Klein showed that different crystals or ditferent parts of the same 
crystal exhibit wide variations in the, double refraction, and inferred that these 
differences are connected with a loss in the zeolitic water, for as E. Mallard showed, 
heating increases the double refraction, and brings out areas which did not exist 
Indore, or de.velo])s the existing areas in (‘xtent and distinctness. When the crystals 
cool, the. original conditions are not n'stored. F. Rinnc concluded that by heat 
and conse({uent loss of water the chabazites gain the optical characters of the 
negative varieties ; but they are changed into those with a strong positive double 
refraction, 'riie. distinction betwei'ii oj)tically positive and negative crystals is 
considered to be connected with the proportion of water present. R. Brauns, and 

G. Tschermak attribute th(‘ ojitical anomalies to the isomorphous association of 
ditferent individuals. The optical anomalies of chabazite have been discussed by 
P . Groth, J. F. W. dohnston, A. des (loizeaux, P. Groth and A. Arzruni, A. Streng, 
A. von Lasaulx, (h F. Rammelsberg, G. Tschermak, etc. L. Vegard and 

H. Schjelderup studied the N -radiogram of chabazite. A.Michel-Levyand A. Lacroix 
gave for the optic axial angle (F- 18° ; P Groth and A. Arzruni, ‘ 2 V- 27°-40° ; 
and F. Becke, 2F 32'S° for red light, and 2F~=3l'6° for green light. The sp. gr. 
of chabazite ranges from 2'05 2T4 ; G. vom Rath found phacolite with a sp. gr. 
2135 ; and J. E. Ilibsch and F. Se unaim gave 2‘096 for a sam})le of chabazite. 

A. Streng obtained evidence thatnthe higher the ratio Si 02 : AI 2 O 3 , the lower 
the sp. gr. -thus, for the ratio Si 02 : Al2()3-~^3-85 : 1, the sp. gr. was 2T33 ; 
412 : 1, 2115 ; 4 3 : 1, 2112 ; 4 9 : 1, 2*093 ; and 4*93 ; 1, 2*093. The hardness 
is from 4*0 -5*5. The action of heat on the contained water, and the vap. press, 
have been })reviously indicated ; A. Damour said all the water is lost at a bright red 
heat, and the residue fuses with intumescence to form a blebby mass. A. Kenn- 
gott, and V. Goldschmidt made some observations on this subject. C. Doelter 
found that by slowly cooling melted chabazite, crystals. of anorthite embedded in a 
glassy matrix were obtained. E. Jannetaz found the ratio of sq. roots of the 
thermal conductivities in a direction parallel and vertical to the principal axis is 
0*96. P. E. W. Oeberg found the sp. ht. ot colourless crystals of chabazite to be 
0*3799. 0. Mulert found the rate 0 ^ dissolution of chabazite in mixed hydrofluoric 
and hydrochloric acids is so slow, that it was not possible to measure the heat of 
soln. A. Michel-L(^vy and A. Lacroix found for the index of refraction of chabazite 
1*50, and for herschelite, 1*46. A. Lacroix gave co— €-0*0020-0*0028. The hire- , 
fringence was feeble and generally negative, but as A. des Cloizeaux showed, it is 
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sometimes positive. As indicated above, F. Rinne found that the double refraction 
assumes a negative value on heating ; and in all cases when still more strongly 
heated, the double refraction of^chabazite becomes strongly positive. 0. Weigel 
investigated the electricaj conductivity of chabazite. ' 

G. A. Kenngott *1 foijnd that powdered and moistened chabazite reacts alkalin^to 
litmus ; the calcined mineral exhibits a feebler reaction. F.'Cornu, and F. W. Clai ke 
made similar observations, G. Steiger found that after standing in contact with 
water at 21° for a month, the water had dissolved a little soda. C. Doelter found 
the solubility to be greater in.carbonated water ; and the mineral also dissolves 
in liquid carbon dioxide. He also observed that some lime and silica are removed 
by a solu. of sodium carbonate. The action of soln. of sodium carbonate was also 
investigated by J. Lemberg, and S. J. Thugutt. .1. T. Way, and H. Eichhorn 
showed that when chabazite is treated with a soln. of sodium chloride, calcium is 
displaced, and a sodium-chafmzik is formed ; J. lA'mberg obtained the same com- 
pound by the action of sodium chloride soln. on potassium-ehabazite, as well as on 
ordinary chabazite. J. Lemberg obtained sodium-chabazite by the action of a 
soln. of sodium silicate on albite. 11. C. McNeil fused chabazite with sodium 
chloride, and obtained what was regarded as a substitution product, sodium- 
chJorochabazile, w’hich F. W. Clarke consid(*rs to be a mixtun^ bNauAljjfSiuOg).^!'! 
-l-3Na3Al2(Si04)2Cl. J. Lemberg, and 8. .1. Thugutt obtained pofassinm- 
chnhazite by digesting chabazite with a soln. of }>otassiuni chloride at KX.C. 
E. Ldwensteiii found that the vap. press, varied continuously as the wat(T was 
removed. J. Lendierg olitaiued a product like [K)ta.ssium-cliabazit(‘ by the action 
of a soln. of pota.ssium carbonate on natrolite, spo»lumeiie, andesim', lubradorite, 
jadeite, or analcite. H. Eichhorn, and J. Lemberg prepared ammonium-cfialmzile 
l)y tlui prolonged action of a hot soln. of ammonium chloridi' on chabazite. K. Gans, 
and I. Zoch also made the ammonium derivative in a similar manner ; and G. Steiger, 
by the action of ammonium chloruh' on chabaziti' in a seah'd tube, at dblC for 
5-0 hrs. 1. Zoch treated chabazite with a soln. of cupric chloride, and obtained 
evidence that tluTc is an (‘xchange of a small proportion of the bas(‘, forming coppcr- 
('h(ih(izil(\ G. St(‘iger licati'd chabazite with silver nitrate for 24 hrs. at 
2r)0"-2tKf, and obtained a sdv(r-nilr(Uo-c/iahazi((\ which F. W. Gliirke formulated 
.‘lAgjj.'VloiSijjOjjj^NG.j j-AguAl^iSiOJ.^NOjj. J. Lmnberg jircpari'd bariam-chahnzite 
by the action of a soln. of barium chloride on chabazite for 5 months; and 
by digesting potassium-ehabazite with a soln. of barium chloride, he obtained a 
barimn-chlorochaf/fizite ; lla3Al4(Si3U8)4('L } Ba3Al4(Si04)4Gl2- H barium-chaba- 
zite be treated with a soln, of calcium chloriik, calcium-chabazite is formed. 
J. Lembi^rg obtained mcujnesium-chabazitr by tin*, action of a soln. of magnesium 
sulphate on chabazite in a sealed tube at 180° for 12 hrs. By the action of thallium 
nitrate on chabazite in a sealed tube at 250°'' 290°, G. Steiger obtained thallium- 
mtrato-chabazile, which F. W. Clarke formulated ‘Fri3Al.,(8i30y)2N03 |-Tl3Al3(Si04)3. 
8. rl. Thugutt found that seebachite is not coloured by a soln. of methylene blue. 
G. Friedel found that natural or slightly dehydrated cliabazitii can absorb colour- 
ing matters from soln. ; it also absorbs potassium permanganate, which is rajiidly 
decomposed, staining the mineral yellow. J. Lemberg found that chabazite is 
vstaimul red or orange by treatment with silver nitrate and )>ota8sium chromate. 
Chabazite is rapidly decomposed by acids with the separation of gelatinous silica 
which G. Tschermak considered to be analogous with leucitic acid, H48i2Go. 
V. Goldschmidt, E. Lowenstein, and F. Cornu 8tudi(‘d the action of hydrochloric 
acid on chabazite. The transformation of cl^bazite into natrolite, etc., has been 
discussed by J. Roth, A. Streng, G. Sudeow, d. R. Blum, J. D. Dana, T. Grandjean, 
R. Brauns, C. G. C. Bischof, C. R. van Rise, etc.* 

E. Artini 82 found fibrous radiated groups of crystals of a mineral in druses of the 
pegmatite at Baveno, Italy, which he called bavenite. The analysis corresponds with 
CasALSieOig.H.^O. F. W. Clarke says that it is possibly a metasilicatc, mom- 
hydraied calcium dialuminium hexamelasilicale, Ca3Al2(Si()3)5.H20. The white 
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prismatic crystals are pseudorhombic ; really monoclhiic with axial ratios a :h:c 
=M751 : 1 : 0’7845, arfd ^=89" 17' 19". The sp. gr. is 2*72, the hardness 5J ; 
the optic axial angle, 2£=7b° 31' ; and the mean index of refraction, ]8=1*5^. 
E. S. Larsen gave a— 1'578 ; j3-~l*579, and y=l‘462. 

Weyberg reported the formation of crystals of complex barium and 
strontium aluminosilicates, RO! AI2O3 : Si02=4 : 4 : 7. li these substances are 
chemical individuals they may represent tetrabarium octoaluminylheptametasili- 


! ! 

Jsi03 

^ \Si 03 -Ai -0 

cate, and tetrastrontium octoaluminylheptametasilicate. Those substances are 
obtained by the prolonged fusion of mixtures of china clay with barium or strontium 
chloride. The crystals are hexagonal and hemimorphic, and are optically uniaxial 
and negative like nephelite.* 

In 1807, L. N. Vauqlielin anafyzed flesh-red crystals of a mineral he found 
at Montecchio Maggiore, and called sarcolite du Vieentm-ATom crapKO^, flesh — the 
mineral was labelled hydrolde in E. do Dree’s collection — in allusion to the contained 
water. H. J. Brooke and D. Brewster called a specimen from Vesuvius gmelinite 
- after C. 0. (Imelin. R. J. Haiiy regarded sarcolite as analcite ; and A. Breit- 
haupt identified it with melilite. F. do Fonseca considered sarcolite to be a distinct 
species of /.colitis. F. W. Clarke gave a constitutional formula for this variety of 
chabazite, and C. F. Rammelsberg called it natron-chahazile. A. Strong, F. Tamnau, 
J. F. L. Hausmann, and F. (Irotli favoured the view that chabazite, Icvyno, and 
gmelinite arc varieties of one mineral species ; while A. des (’loizeaux, and C. Doelter, 
and J. D. Dana supposed tlnmi to be different. 


C. T. Jackson applied tlie term /rJwn/e — after C. Lederer — to a variety wliich A. des 
Cloizoaux, and 0. 0. Marsh showed was probably gmelinite. A. Arznini applied the term 
groddtckiit~-B.ii^v M. von Groddock — to a zeolite from Andreasborg, Harz. The rhom- 
bohedral orj'stals have a hanlness 3 4. The mineral closely resembles gmelinite in form and 
composition, but with magnesium and ferrous iron as impurities. G. Tschermak called 
it impure gmelinite. 

The mineral was analyzed ,by L. N. Vauquelin,^^ A. Connell, C. F. Ram- 
melsberg, A. A. Hayes, A. Arznini, W. T. H. Howe, A. Darnour, F. L. Walker, 
L. V. Pirsson, 0. C. Marsh, and G. Tschermak. C. F. Rammelsberg assumed 
that the composition of gmelinite 'is like that of chabazite, but with calcium 
largely replaced by sodium, hence* he wrote (Na2,Ca)Al2Si40i2-6H20, or simply 
Na2Ai2Si40t2.6H20, that is, hexahydrated sodium dialuminium tetrametasilicate. 
F. W. (larko gave a constitutional formula for gmelinite like that of chabazite, but 
with Na2 in place of Ca. G. Tschermak gave Na2Al2Si50i4.6H20 ; but later 
suggested that it is a mixture of three aluminosilicates. L. V. Pirsson, and P. Groth 
regarded it as a mixture of two such silicates. G. F. H. Smith and co-workers 
regarded chabazite, gmelinite, levyne, and phacolite as belonging to the same 
family. 

The crystals of gmelinite may be colourless or white and tinged green, yellow, 
or red. The crystals belong to the trigonal system, and, according to L. V. Pirsson ^7 
they have the axial ratio a : 0=1 : 0*7345. Kuhedral crystals appear hexagonal and 
are produced by a combination of tbs hexagonal prism with plus and minus rhombo- 
hedrons. G. Tschermak regarded the crystals as monoclincic with a\h\c 
=0*457 1 : 1 : 0*3385, and j3=82® 23'. There are complex twinned forms as in the 
case of chabazite. The crystals have been studied by H. J. Brooke, D. Brewster,. 
W. H. Miller, G. vom Rath, N. von Kokscharoff, F. Hessenburg, C. F. Rammelsberg, 
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E. Artini, A. des Cloizeaux, G. Rose, H. Guthe, R. P. Greg and W. G. Lettsom, etc. 
The cleavage parallel to (1010) is fair ; and that parallel to (0001) is sometimes 
distinct; L. V. Pirsson noted feeble optical anomalies ; and F. Grandjean the optical 
axial angle 2F=0°~30°. , The sp. gr. ranges from 2 0-2*2. A. Breithaupt gave 
2*083 ; H. J. Brooke, 2^05 ; *G. B. Negri, 2 04 ; T. L. Walker, 2*135 ; and A. Fiys- 
mann, 2*08. The haraness is 4-5. G. Tammanh measuVed the vap. press, by 
finding the partial press, p mm. of the water vap. in equilibrium with crystals 
originally containing 21*51 per cent, of waV'r, but for equilibrium lost the following 
percentage amounts of water : . 

p. . 16-72 12*48 9-11 6*06 2*93 1 23 0*39 011 iniii. 

Loss . 0*05 0*18 0-42 0*76 1*40 2*48 3-81 4-58 per oeut. 

The appearance of the crystals was not changed by the loss of water. L. V. Pirsson 
gave for the indices of refraction l*4fi46-l*4770. and €--1-4637 1*4674 for 
Na-light; and G. B. Negri obtained a>=l*48031, and c^l*47852. L. V. Pirsson 
gave a>--€^0*0033 for the birefringence ; G. B. Negri, 0'(X)18 ; and F. Grandjean, 
0*002. A. des Cloizeaux found that the optical character of crystals from some 
localities is negative, and from other localities positive. F. Grandjean found that 
the crystals of a iiegativc character become positive when dehydrated. 

Gmelinite is decomposed by acids with the separation of silicic acid. F. Grand- 
jean found that like chabazite (^.v.), dehydrated gmelinite absorbs a relatively large 
proportion of the vap. of iodine, bromine, mercury, calomel, cinnabar, and sfilphiir ; 
and that the product is pleochroic. J. Lemberg found that the exchange of bases 
which occurs when gmelinite is digested with aq. soln. of potassium chloride or 
carbonate furnished what he called potassium-ffmelinite. If this product be treated 
with a soln. of sodium chloride, mdiuw-gmeUniie, is formed. If digested with 
a 10 per cent. soln. of sodium carbonate for 24 hrs. at 2(XP, anahute is form(‘d ; 
and if with a soln. of potassium carbonate, huie.ite is produced. I. Zoch made 
observations on this subject. 

D. Brewster applied the term levyne to a mineral collected by H. Ileuland. 
There has been some discussion as to whether gnudinite and levyne are distinct 
species or whether tliey are varieties of chabazite- vide supra, gmelinite. The.n; is 
also a (piestion whether the mesolin of J, J. Berzelius, here regarded as a vari(‘ty 
of gmelinite, would be better classed as a variety of levyne. Analyses were reported 
by A. Damour, J. J. B(TZ('liu8, A. Connell, W. F Hillebrand and W. C. Cross, 
and G. A. Kenngptt, C. F. Rammelsberg inferred from the analyses that the 
ratios UO : : SiO.^ : 11.^0 are 1:1: 3*2 -3*8 : ^*6 : 5*0. J. D. Dana gave the 

formula CaALSi^OiQ.oH^O, making the compound pentahydrat6d calcium 
dialuminium orthotrisilicate. F. W. Clarke gave for the constitution 
Ca;jAl(j(Si04)3(8i30g)2.15H20. According to G. Tschermak, the constitution is 
best explained by a.S8uming that it is formed by 4he i8omor})hou8 association of two 
silicates. G. F. H. Smith and co-workers grouped this mineral with the chabazite 
family. For the synthesis of levyne, vide chabazite. 

The crystals may be colourless or white, tinged grey, green, red, or yellow. 
According to W. Haidinger, the trigonal crystals of levyne have the axial ratio 
a : c=l :*0*8357. G. Tschermak represents the crystals as monoclinic with the 
axial ratios a : 5 :c— 0*4704 .* I : 0*3433, and )3=-84'^ 54'. Twinning is common as 
in the case of chabazite. TJ;ie cleavage ((7221) is indistinct. F. Grandjean gave 
for the optic axial angle 2F:^==0‘'- 3(f. The sp. gr. is 2*09-2*16 ; and the hardness 
4-4J. A. Damour found the crystalsjosc 4 per cent, of water in dry air, and regain 
it all in ordinary air. When heated, the jpss ofc water begins at about 70® ; and 12-13 
per cent, is lost at 225® ; the partially dehydiated crystals remain hygroscopic 
provided the temp, of dehydration does not exceed 3^®. The loss of water is 
complete at a white heat, when the mineral furnishes a white blebby enamel. 
A. Lacroix gave 1*50 for the index of refraction ; and for the birefringence, 
o)— €=0*002 ; and F. Grandjean gave 0*0075. E. S. Larsen gave a>= 1*496, and 



INORGANIC AND THEORETICAL CHEMISTRY 




€=1‘491. The optical character is negative, and F. Grandjean found that after 
heating to and cooling, the optical character is positive. He also found that 
the dehydrated mineral behaves like chabazite towards the vap. of iodine, bromine, 
mercury, calomel, cinnabar, or sulphur. Levyne^is decomposed by acids with the 

C. Wernekinck noted %hat some crystals associated with barytiferous 
harmotome at Anner(^d and Schiffenberge, Giessen, were different chemically and 
crystallographically. J. F. C. Hessel aijd L. Gmelin also showed the same thing 
with respect to the assumed harmotome from Marburg ; which they called calcium- 
harmotome. A. Levy proposed the name phillipsite-^after W. Phillips. A. Breit- 
haupt called the mineral normaline ; and A. des (<loizeaux, chrislianite—aiter 
Christian, King of Denmark. 

A zeolite from the lava of Capo di Bove, Rome, was imperfectly described by 1*. Man* 
tovarii, and named spmujite — after N. Spang. J. D. Dana considers it to bo a variety of 
phillipsite. B. Zambonini found some bluish crystals from tbo lava at Casal Brunuri, 
Romo, and ho called tho mineral pseudo phillipHiteu G. Tschermak considers it to be a variety 
of gismondite ; F. Zambonini, an intormediaio form between gismondite and phillipsite 
proper. J. Sohill found fibrous concretions of a zeolite near Sasbach, Kaiserstuhl, which 
ho called sasbachite. According to A. Kno[>, it is phillip.site. 


Analyses wore made by F. C. Werm‘kinck, L. Gmelin, and many others.^® 
There is a wide vartation in the relative proportions of lime, soda, and potash. 
C. F. Rammelsberg first assuimul phillipsite to be compoimded of two silicates ; 
and later he symbolized it RAl28i40,.2All20, or tetrahydrated calcium dialuminium 
tetrametasilicate. W. Fresenius proposed a Miwfmmfshypolhem in which the 
mineral was supposed to be produced by the association of two silicates in various 
proportions. C. F. Rammelsberg did not favour W. Fresenius’ hypothesis, but he 
assumed the existence of two selbslanduien V erhindumjcn, with two Zwuschenslufdi. 
In harmony with W. Fresenius’ hyjiothesis, F. Zambonini noted that tin* potash 
increased and tho lime decreased as the silica in(!r(‘ased. P. Groth imijiloyed two 
formula). G, Tschermak assumed that the phillipsites are solid soln. of five different 
silicates. With hypotheses of this cliaraeter it should be possible to formiilati' the 
composition represented by any conceivable set of analys(‘s. He cites in favour of 
the mixture-hypotheses that when treated with dil. acid, phillipsite usually furiiish(‘S 
pulvi'rulent silicic acid ; philli})site from Aci Gastello, gelatinous silicic acid ; 
and phillipsite from Fulenberg gives both forms. }b' represents tliesi* two 
silicic acids by the formuhe H|Si20fl and ILSi.^O^. .1. H. Fratt and 
H. W. Foote repreysented ]^hillipsit(‘ by the formula UALSijOi^.UHoO ; 
C. Hintz(‘, ((’a,K2)Al2Si50i4.r)H2() ; and F. W. Glarke : 


He added : 


Al-SisOg-Al*^:^^: 


.Ca 

>Al- 8 i 30 „- 

Ca 


.A\ f 8H.A) 


All phillipsites appear to be mixtures of orthosilicates and trisilicotes, with the ratio 
SijOg : SiOg ranging between 3 : 1 and 1 : 3. Such a range and even a greater one is 
only to bo expected when we rememlior that many zeohte.s an' derivatives of plagioelase 
feldspars. The zeolites vary as the feldspars vary between end products, which may or 
may not be definitely known. Stilbitc, for instance, represents a hydrated calcium albito 
or trisilicic anorthite, which in the anhydrous condition is yet to bo dlscovt'red. 

F. Zambonini®- showed that in all proba,))ility no part of the 14*30“18‘8G per 
cent, of water reported in the analyses is constitutional water ; rather is it usually 
regarded as absorbed or zeolitic waiter. A. Damour showed that the crystals lose 
8 per cent, on exposure to dry air for a month, and regain it all in ordinary air in 
24 hrs. When exposed for an hour at 50'^ the mineral loses 12 3 per cent., and 
recovers nearly all when exposed to ordinary air for 24 hrs., but it thereby becomes 
opaque and pulverulent ; at 150°, 16 per cent, of water is lost, and only 0*8 per cent. 
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recovered after exposure to ordinary air for 4 days ; and 250°, the loss is 18 5 
per cent > about half of this can be recovered by exposure to ordinary air. 
F. Zambonini found that phillipsiite which had been heated to 250° soon recovered 
the lost water on exposure to# moist air ; but if heated to 275°, the recovery was very 
slow. W. Fresenius found phillipsite becomes puiverulenj, and opaque at 154^°; 
the amount of contained water gradually decreases as the tei^^p. rises, and increases 
as it falls, so that a definite proportion is retained by the mineral at a definite temj). 
With a gram of phillipsite from Aci Castt4lo, for example, the percentage amount 
of contained water at different •temp, was : 

20“ 60* 100* 150* 200* Dark redneaa 

Coritdiiietl water . 0 2183 0‘2044 0 1738 0 111)4 0-0045 0 0005 

with pseudophillipsite, the percc'iitage loss was : 

54* 75* ' 95 * 120 * 129" 159* 238* Red lioat 

Loss . 1-37 2 07 3 03 0 00 0*28 12*77 14*71 20*48 per oent. 

There is a break in this curve at about 150°, and a break with phillijjsite at 120°. 
The meaning of the break is not clear because* all the wat(‘r a})pears to bi* zeolilic. 
Phillipsite, in a stream of humid air, shows : 

116* 175“ 215“ 250" 276* 320* 360“ 

Loss . 2*00 8*05 10*00 12*40 13*45 14*00* 15*00 per cot»t. 

• 

Phillipsite is found iu basalts, and various lavas. Minute crystalline aggregates 
and irregular crystalline groups were found in the deep-sea dredgings of the Chalh vger 
from the bottom of the central Pacific Ocean, south of the Hawaiian Islands. They 
are bidieved to have been formed at the bottom of the ocean by the decompositions 
of the augitie lavas of those islands. This subject has been discussed by J. Murray, 

J. Murray and C. V. Leo, and A. Renard. A. Daubree re])orted small transparent 
crystals of recent formation in the masonry of the thermal baths at Plombieres ; 
Bourbonne-h'S-Baius ; Luxeuil, Haute Saone ; and Oran, Algiers. H. St. 0. Deville 
obtained a kind of potash-phillipsite by heating jiotussium alurninatc, and silicati*, 
silica, and water in a scaled glass tube at 2(X)°. A little lime was derived from the 
glass. 

The crystals of phillipsite are either isolated, or they occur in tufts or spherules 
with a radiating structure. The colour is white, may be with a reddish tinge. 
P. Groth®^ showeil that the crystals belong to the monoclinio system, and A. Htreng 
gave for the axial ratios a:b: c~0*70949 : I : 1*2563, and -55° 37' ; G. Tschernmk 
gave 0*5148 : J : 0 3547, and j3 “90°. The subjeef was inve tigated by F. Kohler, 
P. Trippke, C. Stadtliinder, W. Fresenius, and G. (’esaro. The crystals appear as 
penetration twins often simulating rhombic and tetragonal forms. The twins are 
sometimes simple and cruciform about a twinning plane ((X)l). L. Langemann 
assumed that the individuals which form the conrplex twins of phillipsite an; triclinic. 
F. Rinne found that heating did not change the character, and the twinning structure 
is retained, but the axial plane approaches ((X)l) by some 10°, and tlie double 
refraction becomes weaker. The faces (010) are sometimes finely striated. The 
•cleavage parallel to (001) and to (OlO) is rather distinct. The optic axial angle 
is large ; A. des ("loizeaux gave 2//(,=-84° for the red ray, and 84° 5U' for the 
yellow ray. The angle is variable since fv the red ray 2//® ranged from 69° 55' - 
84° 8i' ; 2Hq from 98° 13-129° 15'; and 2P^- 65° 2r-8r. The sp. gr. ranges 
from 2*15-2*20 ; and the hardness is just over 4 . The action of heat has been 
previously discussed. A. des Cloizcaux found»the index of refraction 1 *48 1 *67. 
The birefringence is low ; A. Michel-Lety aiiB A. Lacroix gave y— a— 0*003. The 
optical character is positive. J. Konigsbergef and W. J. Miiller made observa- 
tions on this subject. J. Lemberg studied the action of -a sob. of potassium or 
sodium chloride or carbonate on phillipsit) 3 , and observed an interchange of bases, 
J. Roth, and C. R. van Hise discussed the transformation which phillipsite under- 
goes in nature— formation of^lbite, anorthite, and leucite. V. Goldschmidt said 
VOL, VI. 3 b 
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diJ. hydrochloric acid does not decompose the mineral ; but with more cone, acid, 
flocculent and gelatinous silicic acid separates— vide supra. 

J. H. Pratt and H. W. Footo found crystals of a zeolite in the corundum 
mine of Buck Creek, North Carolina. They named the mineral wellsite— after 
H.^L. Wells. The composition corresponds with RAl 28 i 30 io- 3 H 20 , where R 
’represents Ba : Ca : E 2 — 1 : 2 : 3. It may therefore be regarded as trihydrated 
calcium dialuminium orthotrisilicate, with some calcium replaced by potassium 
and barium. E. W. (.’larke represents it by the formula ; 

SiO 

Al^i04-AIC!^*>Al-8i808:HAl+6H20 


The mineral is closely related to the pliillipsite family, forming the isomorphous 
series : 


Wollsite , 
riiillipMito 
Hannotoiim 
Htilbito . 


KAl.,Si*Oio.3H.,0 

KAl2Si40i2.4Hj0 

KACSij(),4.6H20 

KAl..Si 40 , 4 .(>H 20 


a:b‘.o 

0-708 : 1:1-2450 
0-7005: 1: 1-2503 
0-7032: 1 : 1-2310 
0-7023 ; 1 : 1-1940 


$ 

53" 27' 
55" 37' 
55" 10' 
55" 50' 


G. Tschermak had* doubts whether this is a distinct mineral species. The mono- 
clinic ctystals have the axial ratios a:b\ c~0'768 : 1 : 1'245 and 27'. The 
small isolated crystals arc invisible penetration twins closely resembling harmotome 
and stilbite. The crystals are colourless and transparent to white, and possess no 
cleavage. The optic axial angle is large, 2A’=r20°-130'^. E. S. Larsen found 
2A’---60“, and 2P— 39®; the index of refraction a=l‘498 and y=l'5()3, with the 
birefringouco y— a— 0-005. The optical character is negative. The sp. gr. is 
2'278-2'3G6 ; and the hardness 4-4J. About one-third of the water is expelled 
between 100® and 200® ; another third between 200® and 300® ; and the remainder 
on ignition. Wellsite with 13*31 per cent, of water lost, at different temp. : 

100 '’ 176 “ 200 “ 200 “ 206 “ Hot! heat 

Loss , 0 ] "93 1-48 0-92 2 45 1-24 4-9(i per cent. 


After being heated to 205®, nearly all the water is regained by exposure to moist 
air. The birefringence is low ; and the optical charaettT negative. The mineral 
is decomposed by hot hydrochloric acid with the separation o{ silieic acid in a 
granular form. A, Fersmann found a similar -zeolite near Simferopol. 

R. J. liaiiy^® mentioned a zhlilhe effioiescentc which he called laumontite - 
after Gillet do Laumont, who found the mineral in the load-mines of Hnelgoct, 
Brittany, in 1785. C. C, von Leoi^hard used a similar term ; but A. G. Werner 
corrupted it to lomnite. It was analyzed by H. A. von Vogel in 1810. 

'riie zhlUhn rouge d'AcddJors of K. J. Haiiy ; the anh/orsite of (’. (i. Hetzius— i/V/t- 
wollostoiiite ; the mtal zmlite of W. Hi.singer ; tlio red zeolite of Opsala ; aiui a white 
zeolite from I'ahlim, aro considered by N. J. Berlin, and A. Kwert to be impure lanmontites. 
A zeolite at Sohomnitz, Hungary, was called konhardiU—dSim' C. C. von Leonhard — by 
J. li. Blum, and a few oecurrence.H have been reported elsewhere. Similar zeolites have* 
iMjen analyzed by (1. O. Barnes, G. Lewinstein, A. Sinita, J. Lemberg, A. K. t'ersinann, and 
G. Tschermak. The mineral is very like laumonite in composition, and also furnishes 
inonoi'linic crystals. The 3 p. gr. is 2-25, and hardnosp 3~31. N. Siirgunoff distin- 
guished thrtH) minerals belonging to one family — laumontite, Ca 2 Al 4 Sij ,02 4 . 8 Hj 0 ; 
aleonbardite^ (Ca,Kj,Na 4 ) 2 A! 4 Si 4024 . 7 Hj 0 , and jS-leonhardlte, CajAl 4 Si 8 C)j, 4 . 7 H 2 G. 
/5-leonhardite was also describeii by A. Dwojtschenko ; and a- and j31eonhardite by 
A. A, Twaltschrelidze. P. Savi, and L. Pilla described flesh-red monoelinio crystals of a 
jEooUto which were foimd at Monte di Caporciano, and which P. Savi called caporcianite ; 
its sp. gr. was 2 470, and hardness 2|. G. Meneghini said it resoinbletd heulandite; 
J. J. Berzelius, and J. F. L. Hausraann, analcite ; A. Breithaupt, crystalline chabasite ; 
J. 1). Dana, desmin ; and E. F. Qlocker, mesotype. It was analyzed by T. Anderson, 
and E. Bechi. Acooi-ding to G. A. Konngott, A. d’Achiardi, and C. F. Kammelsberg, 
caporcianite is like laumontite in composition and proi:)ertie 8 . A mine at Monte Catini 
furnished G. Meneghini with a zeolite which was called schneideritc—aitcr the director of 
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the mine. The mineral apfiears to have been formed by tlie alteration of serpentine by 
magnesian waters, and it is considered to be a variety of laumontlte. H. Traul^ reported 
masses ci radiating fibres of a white or pale yellow zeolite found on the pliillipsite crystals 
at I^auban, Silesia, and he called tho%nineral lauhamte. Its composition corresponds witli 
hexahydrat-ed dicalcium dialer nnium paiiamtiasilicale, Caj,Alji{Si()j,)6*bH,0 ; tliat is, 
Ca = (SiO,),=Al— SiOj— ^ — (SiOj),— Ca-l-OHjO, the^sp. gr. is 2*23, and its hard%>88 
4^-5. A. E. Feramann called a variety from Autipoff having 2*5 per cent. V,Oj, ranadio- 
laumonlUe. • 

Analyses have been made by H. A. voit Vogel, **7 (\ q Gmelin, P. A. Dufnbioy, 
I. Domeyko, A. Connell, L. vonl^abo and C. Delffs, F. J. Malagiiti and J. Duroeln'r, 
and many others. The formula of the idealized mineral, according to (\ F. Ram- 
melaberg,'^® is CaA1.2Si40i2-4H20. C. Hintze, and J. 1). Dana regarded two of 
the four inols of water as constitutional, and wrote H4Ca*Al2Si40]2-2H20 ; 
and P. Groth wrote Ca( Al(01I)2}2(Si205)2.2}l20. The generalized formula 
CaM2(Si03)4.4H20 makes laumontite tetrahydrated calcium . dialuminium 
tetrametasilicate. F. W. (Harke gave : 

AfeSiaO^-AK^*^; 5>AI-8i()4:EAI-|-8H.,0 

The assumption that two inols of water are chemically bound’in tlie mol. if; based 
on the observation of J. Malaguti and J. Durocher that when tlie crystals arc kcjit 
in vacuo for a month, they lose 2*26 per cent, of water, and if kept over cone, 
sulphuric acid, 3*85 per cent. The crystals regain their lost water when exposed 
to moist air. These workers found tliat 3*17 per cent, of water is lost at KXP, 6 ()8 
per cent, at 200'^, 7*28 per cent, at 3U(P ; and the whole 13 14 p(‘r cent, is lost at 
a red heat. G. Tanirnann, however, found that as with other zeolites, the vap. press, 
at diiferent temp, is a continuous function ; and that the vap. press, curve exhibits 
no breaks. With atm. in which the vap. press, of water was respectively 14*55 mm. 
aiidt)-l 1 mm., the percentage losses were respectively 0*25 and 2*58 witli laumontite 
originally containing 17*87 per cent, of water. Similar results were obtained with 
leonhardite, V. Doclter found that by slowly cooling molten laumontite he obtained 
a mixture of anorthite, a pyroxene, and a glassy matrix. Doelter, and G. Tsclier- 
inak assnined that laumontite is really a mixture or solid soln. of anorthite and 
iiK^tasilicic acid .* CaAl2Si208.2Si0(0ll)2.2H2O, Later on, G. Tschermak obtained 
orthosilicic acid treating laumontite with acids, and he represented it by the 
formula with orthosilicic acid as a nucleus : CaAlf8i208.2H ,Si04. 

Laumontite occurs in cavities in jiorphyry, gneiss, and syenite rocks, in veins 
traversing clay slate with calcite. It is a secondary mineral formed at a low temp. 
It has not been synthesized. It occurs in columnar or radiating masses, and crystals. 
The colour is white, may be tinged grey, yellow, 6r red. The crystals witc describi^d 
by R. J. Haiiy,®® A. des Cloizeaux, F. Mohs, etc. According to W. 11. Miller, the 
monoclinic crystals havethc axial ratiosa : 6:c -1*1451 .* 1 : 0*5906, and j8^-68"46|' ; 
while P. Groth gave 1*0818 : 1 : 0*5896, and j8--99° 18'. The cleavage is coni- 
})lete on* the (010) and (ID) faces, and incomplete on the (100) and (201) faces. 
Twinning occurs on the composition plane (100). A. Michel-Levy and A. i..acroix 
gave for the optic axial angle 27^30° ; ai^l A. des Cloizeaux, 2E- 52° 24' for red 
light, and 56° 15' for blue liglft ; while raising the temj). to 75° made no jierceptible 
change in the optic axial angles. The sp. gr. ranges from 2*3- 2*4 ; and the hard- 
ne.s8 is in excess of 3. The action of neat on tlic water content has been previously 
discussed. As with other zeolites, whefl the Inineral is heated before the blowpipe 
flame, it swells up and froths before settling dow^i to a glassy enamel. For the vap. 
pre.ss. vide supra. As indicated above, laumontite decomposes when fused and 
cooled slowly. A. Michel-L<$vy and A. Lacroix found the indices of refraction to 
be a=l’513, j3=l*524, and y=l*525 ; and the birefringence is weak, y- a-~0*0I2. 
The optical character is negative. 
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G. A. Kenngotti^foundthat powdered and moistened laum'ontite gives an alkaline 
reaction with litmus ; Uut F. W. Clarke was in doubt about the result with phenol- 
phthalein. G. Steiger found that with water th^re is a slow decomposition and a 
little alkali passes into soln' J. Roth noted that tlje weathering of laumontitc 
prjjduces some calcium carbona|e ; G. Leonhard and C. R^ van Hise observed the 
passage of laumontite inU prehnite ; and C. G. C. Bischof, M. F. Heddle, G. Jentszch, 
J. Roth, R. P. D. Graham, and C. R. van Hise, the passage of laumontite into 
orthoclase and albitc. F. F. Grout applied the term 'pmdolaurmntite to a product 
which was derived from diabase, and which was regarded as a laumontite with much 
of the lime replaced by potash and magnesia. J. Lemberg found that wh(‘n 
laumontite is treated with sodium or potassium carbonate, much of the lime is 
replaced by the. alkali, and a product resembling analcite is formed. Similar 
results were obtained ^^ith alkali chlorides. He called the product obtained with 
sodium carbonate sobi., soda-caporcianite. F. W. Clarke and G. Steiger found that 
after exposure to the vap, of ammonium chloride, the nuneral is decomposed, and 
some 3'95 per cent, of ammonia is taken up by the residue. 

St. Epi[)hany,^^*^ J. de Laet, and J. Beckmann have suggested that the lyncu- 
rium of IduHjphrastus’ llepL XlBcov and of Pliny’s Historia naiuralis (8. .38; 87. 
.3, 7) may have be(*n hyacinth. W.. Watson argued in favour of tourmaline ; but 
.1. B(‘.ckmann said, that if so, Th(*ophrastus would have referred to the fact that 
heat is^ necessary to make tiiis mineral attract light bodies. G. Noya-Caratla 
suggested that the theamedcs of the ancientrS was tourmaline ; but A. B. de Boot, 
and J. Beckmann doubted this, and tlw* latter has shown that Pliny’s account of the 
carbuncle fits the known properties of tourmaline better than those of the other 
minerals named. Pliny said that this attracted chaff and light bodies after it had 
been heated by the beams of the sun, or by friction. .1. Serapion the Arabian 
mentioiK'd a red mineral resembling the hyacinth which “ when strongly rubbed 
against the hair of the head, attracts chaff as the magnet does iron.’’ As a matter 
of fact, this description would apfdy to most gem-stones. 

The term tourmaline has been applied to a number of different silicates. It is 
a Singalese word first used for a re<ldish mineral brought to Europe from Ceylon by 
the Dutch Traders in 1703. A writer, “ 1. G. S.,” at the beginning of tin* eighteenth 
century, said : 

Tlio stone called tonrnuilrie, turmalv, or hip hns flio property tliat it not only attracts 
tl»e aslies froin the warm or burning coals, ua the magnet does iron, but also repels them 
again, wliicli is very amusing ; for os soon as a small quantity of ashes leaps upon it, and 
appotti-s as if endeavouring to wriHio itself by force into the stone, the ash, in a little, 
springs from it again, as if about to make a now effort; and on this account tourmaline 
was by tlie Dutch calletl AsrhnUrecker — ashes-drawer. When the turf coals are cold, it 
does not produce tlieso effects. I liavo no doubt that, if heated, it would attract otlier 
things beside ashes. 

Similar remarks were made by F. Maurer in 1713 ; and L. Lemery like- 
wise described the mineral in 1717. C. Linmeus called it lapis eleclricus. 
I. S. R, 1. Eques a Born, S. Rininan, and R. Kirwan called it tourmaline. A black 
variety of tourmaline had long been called schorl. This word is of uncertain origin. 
It was spelt scimrl by J. Matthesius in 1562 ; shirl by U. Bruckmaim in 1727 ; and 
skiorl by J. C. Wallerius in 1747. It is also referred to by C. Gesner, L. Ercker, 
F. von Kobell, A. (Vonstedt, J. B. L. Rom4 de I’lslc.^and C. A. S. Hofmann. 

It has been siiggosteil that the word schOrl is derived from the name of a German 
locality where the mineral occuritnl— S^^horlau, Hweaning schbrl-village ; on the contrary, 
the word may be a miner's term of unknown origin, and that the village received its name 
because schorl was found near by. In the fifteenth century, the rejectetl material in auri- 
ferous and stanniferous ores was called schurl or wolfram. It has therefore lieen suggested 
that the word is derivotl from the old German word schoTy meaning impurities or refuse. 

J. B. L. Rome de ITslo, A. Cronstedt, etc., regarded tourmaline and schorl as 
one species. Tourmaline is common in clay slates, crystalline schists, and in the 
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more siliceous rocks — c,g, the pegmatites. It is common in*zone« of contact meta- 
morphism of schists and granites, and numerous kinds of rocks, H. B. Pattond^ 
for instance, regards the tourmaline in some schists in Colerado as having been 
formed at the expense of *th(f biotite in the pegmatites of the adjoining contact zone. 
Tourmaline occurs as a^mogenetic mineral in ign^^us rocks — e.y. granites, peglTia- 
tites, porphyries, and lavas. In igneous rocks it seems to hfivo been produced by 
the fumarole action, and not as a direc^ scjiaration from magma. Tourmaline 
has not been made artificially. C. Doelter made some tinsuccessful experiments in 
this direction. 

A red schOrl from Siberia was callcxl by R. ruhollite ; by J. C. Dehun^tlierie, 

daovrite — from Daurien ; by C. Lermma, siberite ; by H. J. Hniiy,*toMr»/ia/mf’ apyre ; 
and by J, F. L. Hausmami, apyrite, in reference to its fire-resistinf; qualities. M. F. R tl’An- 
dratta called a bla(;k tourmaline from Kra<j[erf), Norway, apt)^izite~ hom foam, in 

^ allusion to its behaviour in the blowpipe flame — and a blue toumialine from IHO, Swctlcn, 
in/Iigobte (also indicolilc). R Hermann called a colourless tourmaline from Flbn, m hroite 
— from d, without; ypdos, colour. I. Domeyko calleil a variety from Taltnl, Cliili, ta/- 
tfflite. (}. L. IJlex, and F. Tisani showed that taltalite is a mixture of tourmaline and a 
cojiper earth. (). Tschermak callwl the magnesium tourmaline from Uutonlrauhurg, 
Drave district, (’arinthia, drarite. T. Tliomson found a brown mass of interwoven aciciilar 
prismatic crystals at Huel Unity, Cornwall, which ho calleil zevxttf — from ^co^iy, the net 
of writing—in allusion to the locality where it occurred. R. P. Grog, end A. desf’loixcaux 
found the oiy'stals to l>o a ferriferous tourmaline. , 

The first analysis of tourmaline is attributed to A. Wondraschok,^^ and analyses 
were soon afterwards reported by li. N. Vauquelin, R. J. Hauy, M. H. Klaproth, 
and C. F. Biicliolz. The presence of boric oxide was discovered by JI. A. von 
Vogel, and of lithium oxide by A. Arfveilson, W. Gruner, and (h G. Gmelin. An 
attempt was made by R. HiTinami to show that carbon dioxide is an osseniial 
constituent ; but F. Ranunelsberg found no carbon dioxide in numerous samples. 
He (lid, howevcT, find in sonui sampl ('.8 a little phosphoric oxide and fluorin(‘. The 
constitution with inadequate data was discussed by ,1. D. Dana, C. F. Naumaun, 
G. A. Kenngott, and A. Mitscherlich. The coinliined wat(T, and the ferrous and 
ferric oxid(;s w(‘re studied by G. F. Ramrmdsberg in 1860. On account of the 
imperfections in the analytical methods, analyses ])rior to 1870 are usually omitted 
in discussions on the chemical nature of the mineral. Numerous analyses have 
been made since that time. 

In spite of th(^excellcut analyses of tourmaline which arc available, there, is no 
general agreement as to the composition of the idealized mineral stripped from the 
accidental constitmuits w'hich so commoidy contaminate tlie jiroducts produced 
in Nature’.s laboratory. It is almost c(*rtaiii that toiirmalin(^ is a mixed Crystal 
or solid soil), of a number of ditlerent silicates. The tourmalines rejiresent a groiij) 
of isomorphous minerals whose chemical relatiiiis have not yet been elucidated. 
In the alkali iounmlmes, the chief bases are lithium, sodium, and potassium ; in 
the mafjnesmn foanmliws, the chief base is magnesium —or, jiossibly, aluminium ; 
and in the iron iourmdines, iron (ous) replaces much of the magnesium. 
E. T. Wherry showed that the replacement of Fc" by Li, and of A1 by Mg, and the 
absence of calcium fit in well with the at. vol. theory of isornorpfiism. Before 
attempting to interpret the analyses, the imperfections to which analyses of com- 
plex silicates are liable must^ be taken info consideration. The main difficulties 
arc (i) inaccurate determinations of the boron ; (ii) the adsorption of water from 
the air during the fine-grinding of '^he miner|l ; and (iii) the ready oxidation of 
ferrous to ferric oxide during the fine-ggnding which precedes analysis. 

C. Raramelsberg,^^ in his paper : Ihf chemische Naiur der Tmmnline 
(Berlin, 1890), argued that tourmaline is a mixture of silicates of the types 
R'gSiOs : R'^gSiOs : R'" 28 iG 5 in jiroportions between 1 : 2:6 and 15 : 1 : 90. Ho 
showed that the ratio R : Si in 64 good analyses ranges from 1 : 5‘7-l : 6*7. It 
is, however, necessary to consider the 8-10 i»er cent, of boric oxide in the mineral. 
The analyses discussed by R. B. Riggs, and E. A. WUlfing indicate that there 
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are three types with* the group 3B2O3.i2SiO2.4H2O constant, and in lithium 
or alkali lourtruiline, 2(Na,Li)20.8Al203(3B203.12Si02.4H20) ; ferrous , tourma- 
line, Na20.4Fe0.7Al203(3B203.12Si02.4H20) ; “and in riiagnesium tourmalinef 
2Na20.~.“Mg0.5Al203(3B203.l2Si02.4H20). There is, 'however, an excess of 
oj^gen which is exjilaflned by assuming that AlO and HO groups are present. 
E. A. Wiilfing inferred that the analyses are best summarized by regarding the 
tourmalines as solid soln. of the ^two silicates, ll8Na4AljeB6Sii2063 and 
I'- Beiner bases his observations on these formulae. 
K. B. Kiggs, P. Jannasch and 0 . Kalb referred the analyses to the type 
BoB02(Si()4)2, and P. Groth, R0(AlO).BO.(SiO4)2. P. Jannasch and G. W. Kalb, 
W. and D. Asch, and G. Tschermak assume that there arc three types of tourmalines, 
and V. Goldschmidt, two. H. Rhcineck does not accept the view that the boric 
oxide and aluminium afe in direct association. 

S. L. l*enfiidd and H. W. Foot(‘ argued that the tourmaline is a salt of a tour- ^ 
rmlinw ni'id, Hjj Al3B2Si402j, or (H.jSiO.i : Al. 1128104)2 : Al. 1136205 which con- 
tains th(‘ radicle H3B2O5 of the acid H4B2O5. Grajihically, these formulae become 


IKK Ox^ 
HOv A) 

HO' "0 
HO 0 ;ai 
HO "0 


^OH 

‘^OH 


G. (Jesaro regarded lonnnaline as an orthosilicate, with jiart of the silicon n^placed 
by B2O. F. W. ( 1 ark(‘ has shown that although this formula tits most, Imt not 
all, the analyses of tourmaline, it does not harmonize with the charact(‘ristic 
change of the tourmalin(‘s into micas. W. T. Schaller, and P. Reiner avoid the 
difficulty by tripling the above formula. This gives the unwieldy and comjdicated 
tourmalinic acid, li(jo^ii2BflOfl3. F. W. Clarke modified the type formula to 


(H3SiOd.,:-.Al -SiO^-AlBOa 
Al HjBOj, 

(H^SiO,). Al SiO^-AIBO^ 

'JJpiirmnllHc. <t 


sioy- 

Ah^SiO^-- 

SiO^-'? 

Mira 


KH 

Al 

Al 


2 


which would nmke tln^ UninvinYiiWH IrilMkralolcIrutominott'traorlhosthcdlcs. Hendded 
that it is imjirobable that the boi;on is jiresent jiartly as metaborate and partly 
as orthoborate; and as an alternative he said that it may be represented as 
B3O7, the quinquevalent radicle of a hypothetical acid H5B3O7. He added that 
fluorine inay in part replace the metaborate radicle. By replacing various hydrogen 
atoms with the univalent elements, K, Na, Li, and F : bivalent elements, Ca, Mg, Mn, 
and Fe ; and tervalent elements, B, Al, Fe, Mn, and Cr, and compounding different 
proportions of two or three mols of the above type, it is possible to represent the 
different analyses of tourmaline. The alkali tourmalines usually have a high 
proportion of aluminium, and the magnesian and iron (ous) tourmalines have- 
a low proportion of aluminium. The above scheme provides for ferric tourma- 
lines although the existence of such has nqt been unequivocally established in 
normal tourmalines. The ferric oxfdp apjjearing in some analyses may have been 
the result of oxidation. In a few pascs, part of the aluminium is replaced by chro- 
mium, furnishing the so-called chome-tourmalines. If a mol. of the type indicated 
by F. W. Clarke's, and H. W. Foote’s formula loses its boric oxide and an atom 
of aluminium, and takes up potash, two mols. of mica are formed. P. Erculissc 
represented the tourmalines as solid soln. of salts of different fluoaluminosilicic 
acids. J. Jakob applied the co-ordination theory and assumed tourmaline to be a 
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solid soln. of 4[Al(Si04)3]R9-f[0.Al.(0B0)2]Al2. W. Vernadsky assmued that 
tourmalmo is an additive substance containing the kaolinitd ring, R'Al^SioOy, viz. 


.().A1(0R),0. ... 

®^'^0.AI(0R).0^®y 

W. VeriiatlBky’a kaoUultc nucleus* 


0.A1(0R).0^ . 
0.AI(()R).0'"" , 

W. VcrnaiUky'a touri^lnc miclcua. 


.O.B(OR).0.„. .0^,,. 


because tourmaline is formed by the we|thering of felspar, and it furnishes on 
weathering china clay or alkali-mica. He assumes that in tourmaline a similar 
ring is formed with boron in place of aluminium, and that the two rings are joined, 
furnishing the tourmaline nucleus R'4Al2B2Si4026. He postulates three grou|)8 : 
kaJbaite, R'gAl4B2Si402i ; helbaitc, R'j 4 AI2 6281040.21 ; and elbaite^ R'2AlflB2Si40.2i, 
one or more of which may form addition-compounds with the tourmaline nucleus. 
In this way it is possible to represent the composition of i|ll the tourmalines. Tlu'se 
hypotheses are to be regarded as tentative, though ingenious, attempts to solve tbo 
riddle- what is the chemical nature of tourmaline ? 

Tourmaline is rarely colourless or white ; the colour may be red, blue, or green ; 
and most commonly brownish-black, bluish-black, or black. Some specimens an' 
red internally, and green externally ; others arc red at one extremity, and green, 
blue, or black at the other. Sometimes then', are different colours in concentric 
layers. R. Scharizer,i07 and W. Vernadsky made some obsefv’ations on the rela- 
tion between the colour and composition. According to the former, flic iron 
tourmalines containing little or no manganese arc brown to brownish-black. Tin? 
intensity of the brown colour produced by iron is increased by increasing tin' 
titanium content. As the ])r()portion of manganese increases, tin' colour ])aHse8 
from l)lue to gn.'en and to red. He consiilers that the blue and gn'cn colours are the 
result of an admixture of green manganate and reddish-violet i>ermanganate. The 
)»a8sage of manganate into permanganate explains the cbang(? of colour wbi(di 
occurs when the tourmaline is heated in oxygen. From his observations on the 
action of oxidizing and reducing gases on the heated mineral, W. Hermann inb'rred 
that chroiniuin, manganese, and iron are concerned in the coloration of tourmaline, 
The mineral is sometimes massive and compact, or in columnar masses. The 
crystals are prismatic, slender or acieular, short and thick, and rarely flattt'ni'd ; 
they are oftx'ii much rounded and barrel'shap<*d, and they are sometimes isolated, 
hut more commonly in parallel radiating groups. Doubly terminated crystals 
are rare ; usuallv* the crystals are attached at one ci\d. The crystals ar(* eom- 
mouly liemimorphie, and they furnish some of the m^st cons})icuous examples of polar 
.symmetry. The crystals belong to the. trigonal system, and, according to V. von 
\V(»rohiety, the axial ratio is « :c ^1 : <)ir)181. M. Jerofejeff gave 1 : 0-idHOf) 
for this ratio; G. Seligmann, 1 : 0-451 3(K).5 ; and A. Cossa and A. Arzriini, 
1 : 0 '15149. Observations were also made by W# Ramsay, D. Brewster, J. I). Dana, 
A. T. Kupffer, W. E. Hidden, V. M. (ioldsclimidt, 0. Rose, A. des Oloizeaux, 
A. d’Achiardi, W. H. Miller, A. N. Karnozhitsky, H. L. Ungernach, A. Lacroix, 
L. Duparc and co-workers, A. Ondr<‘j, A. Krejci, C. M. Viola and E. Ferrari, 
W. P, piake, P. Tcrmier, E. Artini, 0. B. Boggild, F. Slavik, A. Hamherg, 
W. Vernadsky, A. H. Westergard, and R. H. Solly. 0. Hintze said that J. C. 0. dc 
Marignac’s measurements more probably refer to plienacite than to tourmaline. 
W. T. Schallor said that the cvtixis of red lifliium tourmaline is largest for the ferru- 
ginous tourmalines. F. Rinne and M. Kemter, C. Kulaszewsky, H. Baumhauer, 
W. Ramsay, H. Traube, and T. L. W^ilker stmjied the corrosion figures. C, Kulas- 
zewsky, and H. Haga and F. M. Jagerjiavcietudied the X^radiograms of tourma- 
line. The elementary parallelopiped is a prism of rhombic base, and 120® edge- 
, angles; the edge-length of the rhomb is 1623 X 10“”® cm., and the height 7*26 
X lO'”® cm. The prismatic faces of the crystals are sometimes striated vertically. 
The cleavage is not noticeable, or is imperfect and parallel to (1120) and (1011). 
The alteration of analogous .and antilogous patches on cross-sections indicates 
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BUpplerncntary tw^nl^^g like that of heminiorphitc. Juxtaposition twins or 
penetration twins with parf\llel axes are not common; cruciform twins ^jarc also 
very rare, hut an example^ has been describeci by M. Bauer. A. E. Fersman 
found growths of felspar with tourmaline at Mursinka, ¥ral. L. Duparc and co- 
wirkers found the opti^ axial angle, 2E, of anomalous biaxial crystals varied from 
0'’-14° 5'; anrl A. (k^s Cloizeaux observed no change by raising the temp, from 
12*^-186°. C. Docltcr also made observations on this subject. 

The specific gravity of tourmaline i^anges from 3*0-3‘2. Determinations were 
made by many of those who analyzed the minerd. J. Joly gave 3104--3‘139 at 
l4°/4° for iron tourmalines, and 3‘OJO at 14°/4° for a magnesian tourmaline. 
L. Duparc and co-workers obtained numbers ranging from 2*978-3'127. K. Becht 
found values froAi 3*066-3*144. E. A. Wiilfing tound the sp. gr. increased linearly 
with the proportion of heavy metal present with the magnesian tourmalines. 
W. T. Schaller obtained the smallest value 3*05 and the greatest, 3*20-3*25 ; and 
with the magnesium-free tourmalines, the smallest values 3*00-3*05 and the greatest, 
3*20-3*26. He represented his observations on the effect of alumina by the curves, 
Fig. 1 79. The hardness is about 7. W. Voigt found the compressibility of tourma- 
line to be j8~l‘15xl0~®, andE. Madelungand 
R. Fuchs, 0*84 x 10”6 (p=125 atm.). W. Voigt 
found the modulus of elasticity to bo 15,560 
kgrms. per sq. mm. at —45° ; 16,330 at 0° ; 
17,160 at 45° ; and 25,570 at 90°. W. Lissauer 
me&sured the elastic modulus at the temp, of 
liquid air. F. Pfaff gave 0*(X)09369 for the coeff. 
of thermal expansion, between 0° and 100°, 
'25 23 35 57 H taken in the direction of the c-axis, and 0 0007732 

Per cent. AUOs in the direction of the a-axis. R. Scharizer 

Fio. 1 79.- The FfTect of Alumina on that it is possible to change the colour 

the Spoeific Gravity of 'rourmalina of tourmaline by heating the mineral in a flame 

charged with oxygen. K. Simon found a red 
tourmaline lost its colour at 670® when lieated in a stream of hydrogen, but 
the colour is restored at room temp. ; a dark red crystal became green at 500°, 
and remained pale green at room temp. ; a reddish-violet tourmaline became 
brownish -green when heated and the colour disappeared at 500°, and it remained 
colourles.s^ when cold. Red tourmalines became green wlnm heated between 
5(X1 ~8(X)° in o.xygen, and the green colour remained on cooling. ' K. Cusack gave 
1012° 1 102° for the melting poifit of tourmaline ; A. L. Fletcher gave 1062° 1152° ; 
and V. Doelter, 1010°. The m.p. mu.st obviously de})end on the composition. 
The lu.st-nanied found that on fusion tourmaline yields olivine and spinel. This 
decomposition must interfere witK observations on the m.p. J. Joly found the 
specific heftt of an iron tourmaline to be 0*2004 between 91° and UK)° ; and 
0*2111 for a magnesian tourmaline. S. P. Thomson and 0. J. Lodge inferred that 
the thermal conductivity of tourmaline is probably unilateral, but F. Stenger 
found that it is not so. The ratio of the sq. roots of the conductivities in the 
direction of the u-axis and of the c-axis is 1*15-1*17. G. F. Fitzgerald made some 
observations on this subject. 

A large number of observations hf.ve been made on the refractive indices 
m the tourmalines. A. des Cloizeau.x found for k colourless tourmaline with 
Na-ligld, a»--P6366, and c 1*6193. Olwervations were made by M. Jerofejeff, 

. H. Sehwebel, A. Oossa and A. Arzruni, G. B. d’Aohiardi, L. Duparc and co- 
workers, K. Becht, K. Zimanyi, etc.' Aitcording to E. A. Wiilfing. the lithium 
tourmalinos have the lowest refrketiou ; the magnesian tourmalines have inter- 
mediate values ; and the iron tourmalines have the highest refraction. W. T. SchaUer* 
also found the ferruginous tourmalines have the highest refraction. The 
0 owing is a selection of values from data furnished by the above-mentioned 
observers : 


5-50 
^ 525 
\ 520 

i-IO 

^ i-05 
S 5‘00 
^ 2-35 
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Dark Dark Straw Dark 


ColourieiJS. 

KTwn. 

Green. 

Ko<l. 

reU. 

yellow. 

brown. 

Ulat'k. 

. %-G424 

1-6424 

1 6401 

1-6394 

1-0448 

1-6430 

1-6481 

1 6525 

. 1-6223 

1-6222 

1-6220* 

1-6237 

1-6251 

1-6224 

1-6250 

1 -6279 

f 0 0201 

0 0202 • 

(|018l 

0-0157 

0-0197 

0 0206 

0-0231 

0 0246 


1^. Reiner found for the refractive index with alkali tourma*liiie a— 1'625, y— 1 filG; 
with magnesian tourmaline, a— 1628, y~ 1-640; and iron tourmaline, a- 1'639 
and y —1*668. The birefringence is strong. E. A. WUl6ng also found the 
magnesian tourmalines have the lowest birefringence; the lithium tounnalines 
have intermediate values, and the iron tourmalines, the highest double refraction. 
The optical character is negative. All the coloured tourmalines have a well-marked 
pleochroism. This was noted by J. 0. Wallerius iii 1778, and observations have 
been recorded by A. des Cloizeaux, K. Bertrand, A. Beer, C. F. Hammelsberg, 
Ct. Spezia, A. von Lasaulx, R. Scharizer, A. Co8.Ha and*A. Arzruni, and A. (\ dill. 
In the black varieties, is green or blue, and € is brown or red ; in the gn'cn 
varieties, w is green or greenish-brown, and € is green of a dilTerent tint ; in 
the red crystals, both rays are red but of a different tint. The. diehroism with 
ultra-red waves -was studied by E. Merritt, and V. Agafanoff. The effect of the 
colouring pigment on the ph'ochroism was ’also investigated by V. Agafanoff. 
E. Bertrand, and T. liiebisch observed the idiophanous figures gf tourmaline. The 
absorption of the ordinary ray is much greater than that of tlie extraordi^^ary ray. 
In some dark brown crystals the difference is so great that a section parallel to the 
optic axis, transmits virtually only the extraordinary rays, and can therefore be 
used as polarizer or analyzer— c.r/. the so-called tourmaline tongs. Obsi'rvations 
on the absorption of light by tourmaline plates were made ])y W. Pulfrich, 
J. Elders, A. Potier, E. Carvallo, and P. H. Schwebel. W, W. Cobh'ntz found the 
imjiortant bands on the absorption spectrum are at 1-28/iand 2‘82/i ; and in the 
reflection spectrum, there are maxima at 7*5^, 8 0^, 9*7^, 10’2/i, and 10 7/i. 

A. Pfiuger confirmed the law with respect to the proportionality of absorption and 
omission of light by tourmaline. E. Newbery ami H. Lupton found that wlnm 
green tourmaline is (ixposed to radium rays no visible effect is })roduced ; a ])ijik 
crystal IxTame colourless when heated, but radium rays liad no visible effect on the 
heated sj)eeim<‘n, although the unheated crystal was slightly darkened in colour, 
(’athodc rays did not (diange the colour of the heated or unheated mineral ; the 
heated crystals j^one have a fine orange glow*, (^olourless crystals assumed a faint 
pink colour by exposure to radium radiations. The interference flgures arc 
characteristic of uniaxial crystals, but sometime^thc cryslrtils are biaxial, may bo 
as a ri'sult of press, strauis. A. des Cloizeaux observed the biaxial int(Tferenco 
figures about the boundary of differently coloured layers of a multi-coloured crystal. 
ObsiTvations on the optical anomalies of 'tourmaline crystals wen^ made by 
E. Mallard, H. Bucking, L. Duparc, A. Madelung, etc. J. A. Anderson discussed 
the rotation of linearly polarized light by tourmaline crystals ; and the motion of 
light in tourmaline crystals was investigated by C. Viola, E. A. WUlfing, and 
S. Nakamura. 

K. Simon found that tourmaline which has been decolorized by heating in 
oxygen or hydrogen, has its colour restored by exposing the mineral to sunlight, 
or to radium rays. C. DoeJter observed that a colourless tourmaline acquired a 
rose tint in radium rays ; \^hilc other tourmalines were not changed. 8. (!. Lind 
and D. C, Bardwell found no change of colour, fluorescence, or thcrmoluminescence 
up to 3<KJ“ with pink and green tourftialines. CQtra-violet rays act like radium rays, 
but more feebly. Cathode rays havo*bufc a slight action on colourless tourmaline, 
Tourmaline is cither non-radioactive or it exhiftits a feeble radioactivity which has 
been measured for a number of specimens by R. Piutti. F. Pockcls investigated 
the influence of an electrostatic field on the optic^al properties of tourmaline ; and 
J. Ohaudier, the relation between the Metric double refraction and the bire- 
fringence, and found that the^ormer is smaller the less the value of the latter. The 
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IQrroelectriflcation of jninerals was first observed with tourmaline->~v^c supra. 
C. Linnaeus stated that electricity is the cause of the property of attracting light 
bodies exhibited by warmed tourmaline. Thr^ phenomenon was studied by 
F. iEpinus, who showed that'it was necessary to heat ^.hc« mineral to between 37 5 
and 100'^ in order to d(^velop it| attractive powers. The extremity of the crystal 
terminated by the six-sided prism then becomes positively electrified, and the other 
extremity negatively electrified. The chief axis of the crystal is thus an electrical 
axis. He added that when the crystal 48 large, flash(;s of light can be seen along 
its surface. J. Canton, and T. Bergman showed tfcat the electrification is evoked 
by the c^an^e of temp, and is not produced when kept constantly in a heated con- 
dition. Observations were made by J. C. Wiicke, W. Watson, R. J. Haiiy, M. Born, 
A. C. Becquerel,*F. Kohler, J. D. Forbes, G. Rose, P. T. Riess and G. Rose, 
T. M. Gauguin, E. Riecke, H. Schedtier, and G. T. Techner. The relation between 
the electrical and morphological character of tourmaline was discussed by V. von 
Worobielf. To*urmaline exhibits piezoelectrification, and J. and P. Curie showed 
that by press, in the direction of the chief axis, the polar electrification is 
analogous to that which is developed by cooling the crystal. W. Lissauer studied 
the phenomenon at the temp, of liquid air. Observations on the piezoelectrifica- 
tion of tourmaline were made by -E. Riecke and W. Voigt, 1). H. Keys, and 
A. L. W. E. van (hii; Veen. J. (hirie found the dielectric constant in a direction 
paralh'Uo the chief axis to be fi’Of), and vertical to that axis, 7T() ; R. von Fellinger 
gave the respective values 6'5382 and 7‘12844 ; W. Sclimidt, 5-05 and 6*75 ; 
and R. Coehn and A. Curs, 6'2 to 6‘7r).‘ W. Lissauer found no change in the value 
of th(^ dielectric constant in pa8.sing from room temp, to the t<*mp. of liquid air. 
II. Saegusa measured the dielectric hysteresis of tournialim*. Tourmaline is ])ara- 
magnetie. J. Kdnigsberger measured the magnetic susceptibility ; B. Bavink, 
the magiK'iic influence ; and W. Voigt and 8. Kinoshiito, the magnetization 
numbers i)arallel and vertical to the chief axis. B. Bavink stiidii'd the magnetic 
properties of tourmaline. 

R. Piiitti measured the occluded helium in some samples of tourmaline. 
H. Baumhauer studied the action of alkali hydroxide soln. J. Lemberg investi- 
gated the action of soln. of sodium silicate at 20(r, for 585 lirs., and obtained a produ(’t 
resembling analcite. K. (-. Sullivan .studied the basic exchange which occurs 
when tourmaline is jflaced in soln. of cupric sulphate. Soiik' clinngi'S which occur 
in nature are produced by the addition of alkalies. The alteration of tourmaline 
to mica (hq)idf)te), chlorite, cook(‘ite, and st(‘atite have been .studied l)y G. Tschermak, 
W. T. Hchaller, R. B. R^gs, ('. R.'van Hise, etc. 

G. A. Ki'iingott^^'® named a mineral erroneou.sly thought to come from tlu' Val 
Milar, Switzerland, milaritC ; it actually came from the Val Giuf, and hence 
.1. Kusclud called it giufite. Analyses were made by R. Finkener, A, Frenzel, 
E. Ludwig, and F. P, Treadwell ; aiul G. F. Rammelsberg calculated the formula 
R' 8 Ca 4 Al 4 Sio 40 oi ; O.Hintze, HKGa.Al 2 Si,., 0 :,o; P. Groth, HK(’a.,AL(Si 2 O 5 ) 0 ; and 
G. Cesaro, KgCagAUfSioOglq.HgO, or hemihydrated potassium calcium aluminium 
trimesodirilicate, KCaAl(Si 206 ) 3 .|H 20 . F. W. (larke represents it by a con- 
stitutional formula analogous to that of beryl. The hexagonal piismatic crystals 
are colourless or pale green. In polarized light, the crystals are biaxial, and hence 
G. Tschermak, A. des ('loizeaux, and E. Mallard regarded them as psoudohexagonal ; 
but F. Rinne showed that 'the anomalous characters hre secondary, and that the 
crystals are hexagonal. W. Ramsay confirmed this, and found that the biaxial 
parts become uniaxial with rise of' temp. F. Rinne gave for the axial ratio 
(i : C“1 '06620 ; and K. Busz, 1:0*66468. 'E. Bertrand gave for the optic axial 
angle 2 Ho— 79°, and 2//o”107J°. The sp. gr. is 2*5-2*6 ; and the hardne.«i 8 5-6. 

F. von Kobell found a massive, foliated, greyish-yellow mineral associated 
with the wollastonite and the edelforsite in the limestone of Gjelleback, Norway ; 
he called it spbenoclase -from a wedge ; and #cAda>, I break—in allusion to 
its breaking into wedge-shaped pieces. C. F. RammClsberg calculated the formula 
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R8Al2SioOi2 ^foni the analysis where {Fe,Mn) : Mg : Ca™! : 1*4 : 4’2, F. W. ('larke 
rcpresRits the idealized mineral as Ca®Al2(Si207)s, analogous in structure with 
harylite and okenite, or calcium dialomimum Worthodisilicate. The sp. gr. is 
3*2, and the hardness Sphenoclase is slightly attacked by hydrochloric 

and sulphuric acids, but after ignition, the mineral is oasil^j decomposed by hydro- 
chloric acid with the separation of gelatinous silicic acid. , 

J. Sdllner^ii reported a pale yellow or colourless mineral in the, melilitic 
basalt of Kaiserstuhl, Baden, and h(f called it deeckitc— after T. Deeok. 
The crystals are pseudomorpus after mclilite. The analyses correspond w'ith 
(H,Na,K)2(Mg^Ca)(Al,Fe)2(Si205)5.9H20, or potassium calcium dialuminium 
pentamesodil^cate, K2(’aAl2(Si205)5.9H20. The crystals are apparently uniaxial 
with an index of refraction about 1*47, a weak birefringenci*, and Oidically negative. 
The sp. gr. is 2*1. The mineral becomes opaque when lieatcd, and it is not attacked 
by hydrochloric acid. • 

A. Damour described a zeolite which he obtained from Snsbaeh, Baden, and 
named faujasitc—after Faujas de Saint Fond. Analyses were made by A. Damour, 
and C. C. Hoffmann. The mineral has 22*49 27*02 per cent, of water. V. (lold- 
pchmidt found 27*5 per cent. The analyses were summarized by C. F. Kajumels' 
berg, in the formula lIj.,Na2CaAl4Si,)03o.l2H20 ; J. 1). Dana, and i\ Hintze, 
HtNa.>CaAl4(Si03),o.l8H.rO ; P. Groth, H.(Na.,(^a)Al2tSi():j)5.9H20 ; and 
F. W.aarke: 

-Na 

It is more })robable lhat the sodium an<l calcium of faujasite belong to different 
mots, which form an isomorphous mixture of sodium and calcium aliiininosilicalcs, 
say CaALlSiO^ls.lOltoO, and Na2Alo(SiO.,)5.lt>H2^). This makes the idc'alized 
mitu ral decahydrated calcium dialuminium pentametasilicate ; and deca- 
hydrated sodium dialuminium pentametasilicate. G. Tsolu'rnmk believed that 
faujasite is an isomorphous mixtun* of sodium and calcium aluminium silicates, 
each of which is combined with a silicic acid : CaAl2*Si208.1l402.Il8Si40i2H 4Aq., and 
Na2Al2Si2()8.H j02.2H4Si20fi-| 4 Aq. Whatever view is finally adopted will depend 
on the mode of association of the water. A. Damour found faujasite loses 15 per 
cc’nt. of water when cxpo.sed to dry air for a month, but regains almost all during 
24 lirs.’ ex]»osuro to ordinary air. When he4it<‘d to 50" 55*^ for one. hour, it loses 
15*2 p(Tcent. ; at (10'^ 05°, it lo.ses 10*4 per cent. •, and at '^()"'75°, 19*5 ])cr coni. 
Almost all is regained l)y exj)osure to moist air for a few weeks, lb Jannaseh found 
that at Unr tlu! minemi lost 18*60 })er cent, of water ; at 200"“ 205", 20 41 ])er e<'nl., 
at 250" 200", 22*07 per cent. ; over a ga8-])urner, 27*02 per cent. ; and (»ver a blast - 
flame, 27 59 per cent. P. Jannaseh also found ^hat after being confined for 24 and 
48 hrs. over calcium chloride, th(‘ losses were re8})ectively 1*72 and 1*83 per cent. ; 
65 and 100 hrs. over cone, sulphuric acid, respectively 4'60 and 6*52 per cent. ; 
and 118 and 190 hrs. over phosphorus pentoxide, rcj^pcctivcly 7*44 and 10*88 per 
cent. The weight thereafter remained constant. The crystals usually occur 
in octahedra, and sometimes trisoctahedra. They are colourless, white, or l)rown. 
A. dcs Cloizeaux showed that the crystals are i8otro})ic and belong to the cubic 
system. Twinning is comnfon. The cleavage paralleKto the (111) plane is clear. 
As with many other zeolites, the double refraction is anomalous. According to 
F. Rinne, the crystals, normally isotropic, art changed by the* loss of a litih^ water 
and form eight uniaxial individuals which 4ro optically positive. The crystals at 
150°, after losing 12 mols of water, become isotfbpic ; a further loss of water makes 
the crystals uniaxial and negative. When water is resorbed, the crystals again 
become uniaxial and positive. The sp. gr. is 1*923 ; and the hardness 5. The 
crystals are decomposed by hydrochloric acid, and only a fraction of the separated 
acid is gelatinous. • 
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# W. Cross and L. G.,Eakins found a zeolite on the Table Mts., and Silver Cliff, 
Colorado, which they named ptilolite—from mlXov, wing down — in allusion to the 
light downy nature of the aggregates of the fine acicular crystals. It has also been 
found at Teplitz Bay by L. Colomba ; San Piero, Elba*, by G. d’Achiardi ; and 
T(«garhorn, Iceland, by G. lindstrom. K. Callisen described a mineral from 
Iceland which he called jiokite. 0. B. Boggild, however, showed that it is essentially 
the same as ptilolite — vide infra. Analyses of these specimens correspond with 
CaAl2Sijo024.5H20 mixed with the isoAorphous silicates K2Al2Siio024.5H20, and 
Na2.Al2Si10O24.5H2O. F. W. Clarke represented this mineral by H2CaAl2(Si205)5. 
fiH20, etc. This corresponds with hexa^diated caldum dialuminiam dihydropen- 
tamesodisilicate ; sitnilarly with the hexahydiated potassium dialuminiam 
dihydropentamedodisilicate, and hexahydrated sodium dialuminium dihydro- 
pentamesodisilicate. Or, neglecting the 6H2O : 


Sio/ 

‘".AKSiaO.-H 


SioO 


y ^1205 E 
^Si20s-H 


According to W, (^/oss and L. G. Eakins, a sample of jdilolite with 13*44 })er cent, 
of water lost 3*84 per cent, of water when confined over sulphuric acid, and at 


110» . 125® 300® Red heat 

liOS8 . . , 2 (51 131 2‘4I 310 per cent. 


Ij. Colomba found 0*81 per cent, loss over calcium chloride ; 4*28 per cent, was lost 
at 85'", and 5*40 f)er cent, at lOb'^-llO''. The mineral can reabsorb this water from 
moist air ; but if heat(;d to a high temp., the resorption is incomplete. The crystals 
arc isotropic at ordinary temp., and doubly refracting at 120^-125°. L. H. Koch 
gave a--l*574, /3-=l*477, and y ~l*478. The optical character is negative. The 
ap. gr. is 2*30. The crystals are insoluble in hydrochloric acid, and slowly decom- 
posed by sulphuric acid. 

H. How obtained a zeolite from Mordon, Nova Scotia, which he named 
mordenits ; L. V. Pirssou obtained the same mineral from the Noodoo, 
Wyoming. The analys(*H correspond with the formula 3RAl2Sii2O24.20H2O, 
where R represents K2 : Na.^ : Ca = l : 1 : 1. C. S. Ross and E. V. Shannon 
gave (Ca,Na.2)().Al203.9Si02.fiH-0, F. W. Clarke represents the constitution as 
an isomorphous mixtifrc of thrtio silicates associated with ptilolite. According to 

S. .1. Tluigutt, the so-called comptonile from the Swiss Alps is the same mineral. 
The tabular crystals are white, may be tinged yellow or pink. The crystals may 
occur in concretions with a fibrous texture. They resemble heulanditc in habit and 
angles. L. V. Pirsson gave for the axial ratios of the monoclinic crystals a:h:c 
~0-4(X)90 : 1 : 0*42792, and jS — 88^ 29J'. The cleavage parallel to (010) is perfect. 
The axial angle is large. The sp, gr. is 2*08-2*15 ; L. H. Hoch gave 2*30. The 
hardness is 3-4. The powdered mineral loses ^6 per cent, of water when kept for 
an hour at lOO'’. 0. B. Boggild found the index of refraction is about 1*480; 
L. H. Koch gave a-- 1*475, j3^^:l*477, and y— 1*478. C. S. Ross and E. V. Shannon 
gave 1*470-1 *475 ; I *473 -1*477 ;''and y--“ 1*475-1 *478. The double refrac- 
tion is weak, 0*002 0*003, and negative ; and the extinction inclined at about 15°. 
0. B. Boggild said the extinction of ptilolite is parallel. The mineral is cornplet/cly 
decomposed by acids. W. T. Schallcr considers flokite to b(j the same as mordpnite. 

T. L. Walker and A. L. Parsons regerd ptilolite to be identical with mordenite ; but 
W. T. Schallcr regards mordenite, ptilolite, and c/inop/i7o/j7c -crystallized mordenite 
—as distinct mineral species. 

H. How found reddish, pink, or chalk-white balls in a red clay from Cape Split, Nova 
Scotia. He considered this mineral to be partially alt^tid mordenite which he called 
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fileeleiie — aft«r J. Steele. A seolite found iu British Columbia by K. P. D. Ciraliani 
was named ftrrierUt. It is related to mordenite and piilolit^» and haa the composi> 
tion (Mg|^Na|,H|)«A],(Si 204 )|. 6 H, 0 . The crystals are rhoii)bic» the indices of refraction 
a:^l-478, jj=:l*47», and y=l-482 ; «id y-o-0 004; the optic axial angle 2r"60‘' 2fi'. 
When heated to 100“, waty b|gin8 to be evolved ; at 206^ 0'5 per cent, is lost ; and at 
276“, another one i)or cenj. is given off. ^ 

R. J. Haiiy referred to a fibrous zeolite analyzed 'by L. N. Vauquelin 
as inesotype — from /leao?, middle ; and '^vnoi^ type- in allusion to form of the 
crystals whose square prisms were considered to be inU'rmediate between the forms 
of stilbite* and analcite. The fibrous zeolites were afterwards investigated by 
J. N. von Fuchs and A. F. Gehlen. TIuy called natrolite, soda-mesotype, and lime- 
mesotype was called SCOlecite—from oKcoAqf , a worm —in reference to the way some 
specimens curl up when heated before the blowpipe ; mesotyjie, between scoleeite 
and natrolite in composition, was called mesollto. H. Brooke called a siiecimen 
of scoleeite from Poonah, India, poomlile. The two minerals from Aiitrim, Irt'laml, 
a fibrous variety named antriniolite and a massive chalk-like variety named hurrnui- 
tonite, were shown by G. A. Kenngott, and A. Lacroix to be scolecites; and 
A. and R. Brauns showed that harringtonile. and fardelite are the same minerals. 

Several analyses of scoleeite havi; been inade.^i^ The r(‘sults were represented 
by C. F. Raimnelsberg,i*7 CaALSi30io.3H20, mkixim dinlamlnium orthotriailkale, 
iu which the water was represented as being eq. to wat(*r*of (crystallization. 
A. Damour found the eq. of about a mol of water was lost at nearly 230^’, and the bulk 
of the water was driven off at a teinj). ajiprqaehing redness. F. Rinne hence con- 
cluded that there are two scolecites, one a rhombic form with a mol less water than 
the other ; the one with the higher water-content he called mdascokcitV’- vide 
infra. The fact that one-third of the water is more easily exjielled than the rest was 
considered by J. Lemberg to have some bearing on the constitutional formula. The 
dehydration curve of scoleeite was also investigated by F. W. Clarke and G. Steiger, 
and Hemch. F. Zambonini obtained the following results with moist air : 

120* 217* 240* 276* 305* 865* 445" 

Water lost . 103 4 22 5 33 0 62 7 23 lliU 1L99 per cent. 

There is said to be a break betwi‘en 275"" and 330^ ; with dry air, the loss at 275° 
is greater, being about 7'20 percent. A. Damour found that the water is rc'sorbed 
by the mineral dehydrated at 3(Xf , but after it had been heated to redness, it was 
no longer hygro^opic. F. Zambonini al/io studied the resorption of moisture 
by the dehydrated mineral, and he compared thk state of the water in scoleeite 
with that in sibca hydrogel. G. Stoklossa said that the water is in a combined 
state, and he reported that there are really six different hydrates shown by 
breaks in the rehydration curve of scoleeite dehydrated between 17° and 390°. 
Hence, he doublexl C. F. Rammi^ls berg’s formulft, and wrote : Ca.^Al4Si(jOoo.bH20. 
P. Groth regarded scoleeite as a metasilieate, CaAl{Al(011)2}{Si03)3.2H.^0. 
G. Tschermak assumed that orthosilicic acid is assi^cialed with an aluminosilicate, 
and wrote the formula CaAl2Si20s.H4Si04. He said no water of crystallization is 
{)reseut,.but a mol of water is an intrinsic part of the mol. F. W. Clarke rejircsented 
the constitutional formula like that of natrolite {q.v.) with Ca in place of Na2, and 
QHjiO in place of 4H2O. The water in ryesolite was studied by G. Friedel, and 
E. T. Allen and J. K. Clement. * 

A. Daubrtje found crystals of scoleeite in the masonry of the baths of the 
thermal springs at Plorabiferes, and Bourboiiie ; and R. Hermann noted that 
crystals of scoleeite are forming in the«plastlc mass between the basaltic columns 
of Stolpen, Saxony. C. Doelter did not obtain^colecite from soln. containing the 
theoretical proportions of silicic acid, alumina, and lime ; but prismatic (crystals 
were formed when powdered scoleeite was heated in a closed tube at 1 50° as indicated 
m connection with natrolite. This, in conjunction with A. Daubri^e’s experiment, 
shows that a low temp, is needed for the formation of this silicate. Scoleeite occurs 
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aaasive and in nodulesj fibrous and radiating ; and’ in slender prismatic crystals, 
["he crystals were measured by W. Phillips, W. H. Miller, S. Kreutz,^A. des 
Jloizeaux, R. Koehlin, J. Kdnigsberger, 0. Lu^dccke, V. von ZepharoVich, etc. 
). Brewster, and G. Rose sh'owed that the crystals ar^ nv)uoclinic ; and G. Flink 
[a^^^ for the axial ratios^a : b ; c~0‘9764 : 1 : 0*3434, and 42' ; while S. Kreutz 
(ave 0*97636 : 1 : 0*34i}3*8, and j3— 89“ 18'. The inonoclinic crystals of scolecite are 
tatcd to be isomorphous with those of natrolite. F. Rinne, and H. Haga and 

M. Jager have studied the X-radidgram of scolecite. G. Tschermak made 
bservations on the relations between the crystalsrof various zeolites. G. Flink, 
ud F. Rinne made observations on the corrosion figures. The prismatic 
leavage parallel to the (llO)-face is nearly perfect. The twinning plane is (100). 
h Luedecke, G, 'Wyrouboff, and C. Schmidt made observations on the twinning 
f the crystals of scolecite. The optic axial angle is medium ; A. des Cloizeaux 
ound for the red ray, 2£=^-53“ 41' ; for the blue ray, 2£— 59“ 37' ; and for the red 
ay, 2/4-35“ b7', 2//p-156“ 4', and 2K-35“ 1'. G. Flink gave 2A-16“ 48' for 
vhite light. Observations were also made by G. Schmidt, V. von Zepharovich, and 
). Lucclecke. A. des Cloizeaux found the optical a.xial angle 2JS=60“ 28' at 8*8°, 
md 59“ 46' at 146*5“. The sp. gr. was determined on many of the samples analyzed ; 
.he results range from 2‘2-2‘4 ; and dho hardness 5-5J. G. Tammann found that 
n an atm. with tlu*> yap. press, of water p mm., the percentage amount of water 
ost by ^ sample of scolecite was : 

i> . 15’7 14 0 12-3 0 1 (11 2 0 1’2 O’ll mm. 

Loss . 0 0 004 0*013 O Ol'? 0*029 0 042 0 079 0 105 per cent. 

h\ Rinne found a marked change in the optical properties when the mineral is heated ; 
and scolecite which has been strongly heated is rhombic mdascokcite. 0. B. Boggild 
said the extinction is oblique up to about 17“. The refraction is like that of cedar oil. 
A. des Cloizeaux gave for the index of refraction 1*502 for red light ; and C. Schmidt, 
1*6470 for Li-light, 1*6570 for Na-light, and 1*6675 for Tl-light. H. Michel gave 
a =1*509, |3 -1*515. A. Lacroix found for the birefringence y— a~0 0083, and 

O. B. Boggild, 0*007. 'Ihe optical character is negative. W. \V. Coblentz found 
that the ultra-red transmission spectrum shows the absorption bands of water up 
to 5/x, where it becomes opaque. 'The 3/x water-band is complex. Observations 
on the pyroelectric behaviour of scolecite were made by R. J. Haiiy, D. Brewster, 

P. Riess and G. Ross, G. W. Hankel, C. Schmidt, G. Friedel and A. dc Grammout, 
and F. Rinne. 0. Weigel studied the electrical couductivity of scolecite. 

'I'lio mifieml lirst dek-ribod by*H. Michel as okenito was later called mdimolccite 
bocause its composition, (JaO : Al^Oj : SiOj : HjO^O’OSOZl ; 1’0323 : 3 : 2 0941, so closely 
resembles that of scoleeito while the physical properties are different. It belongs to tho 
rhombic system. The sp. gr. is 2 '244 ; tho indices of refraction, a— 1*604 -1 512, y=r60S- 
1*515. 

C. Doelter^^^ found scolecite to be partially soluble in carbonated water. 
J. Lemberg found that when digested with soln. of potassium or sodium carbonate, 
tho calcium is nearly all replaced by the alkali metal ; similarly with soln. 
of potassium or sodium chloride ; and with a soln. of sodium sulphate. G. Steiger 
also found that much of the calcium in scolecite can be replaced by silver, when the 
mineral is digested with a soln. of silver nitrate. The product was called silver- 
scolecitv. F. W. Clarke and G. Steiger studied the action of ammoiiiuijii chloride 
in a sealed tube at 350“, when some lime is replaced by ammonium, forming 
ammnium'SColecite. I. Zoch experimented with soln. of ammonium chloride and 
likewise found an exchange of bases. Tho subject was investigated by R. Gans, and 
G. Tschermak. Scolecite is decom'posed by acids with the separation of gelatinous 
silica in tho form, according to G. Tschermak, of orthosilicic acid. J. M. Theile 
studied the nature of the silicic acid so obtained. M. F. Heddle, and C. R. van Hisq 
studied the transformation of scolecite in nature. 

Several analyses of mosolite have been rcpdrtivl.^-^ 0. F. Rammelsberg 1^3 
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found that the composition could be represented as a mi;(:ture of natrolite atid 
scolecite- C. Hintze, V. Goldschmidt, H. L. Bowman, and G. Tschermak also 
regarded mesolitc as variable mixtures of these two minerals ; while K. Gbrgey 
and J. N. von Fuchs and A 4 F. Gehlen supposed it tt? be a double salt. Mesolitc 
occurs massive with radiating and interlaced fibrigj somet^ios called wUoihstmte. 
A. des Cioizeaux, on optical grounds, regarded the crystals as triclinic with penetra- 
tion twnnning. E. Hussak also found complex twinning in the apparently triclinic 
crystals from Brazil. 0. Luedecke attemp^d to prove that mesolite is triiiior])hous 
— A. des Uoizeaux’s triclinic variety, rhombic galactite (f/.r.), and the monoclinic 
form from Iceland. R. Gdrgey repn'sented the axial ratios of the triclinic crystals 
as a : 6 : c=()-9747 : 1 ; 0*3122, and ^—92°. C. Schmidt argued that the triclinic 
form is really monoclinic like scolecite. S. Kreutz gave for the a\ial ratios of the 
nionoclinic crystals : • • 


a :b : c 

y 

y-a . 


NatroIiU*. 

0 97853 : 1 : 0 353<;2 
90" 

1-480, 1-482. 1-493 
0013 


0- 9747 ; 1 : 0-3122 

92 " 

1- 505, 1 505, 1-600 

0 001 


0-97030 ; 1 ; 0 34338 
89 ■ 18' 

1-512, 1-519. 1-519 
0 007 


G. Flink regarded the three minerals as isomorphous. 11. L. Bowman gavi' for llit‘ 
optic axial angles with Na-light 2K --70*25'", 2F 81*5'\ The prismatic cleavage is 
perfect ; the s{). gr. 2 2 2* t ; and the hardne.ss 5. B. E. W. 0(‘l)erg found tla^sj). lit , 
to be 0*2164 bi'tween U' and 99\ 0. B. IJoggild foiiml the index of refraction 
very n(‘arly 1*505. R. (birgCy gave for the index of refraction 1*5021 for Li-light, 
1*505 for Na-light, and 1*5072 for Tl-light ; and J. Konigsbergi-r and W. J. Miiller 
gave a -1*5018, i*5050, and y--l-5053 with Na-light. E. T. Wherry gave the 

values indieated above. R. Gorgey gave for the birefringence, y— a - 0*(K)05 ; 
y ^0*00028; and j3— a -0*00023. 0. B. Boggild said that there is no doubh*. 
refraction with thin m-c'dles of m«‘.solit(‘, in some cases the impure miruTal lias a 
weak positive or negative birefringence*. J. Jjemberg found that by treatment 
with a soln. of an alkali ciiloride the Him* is replaced by alkali ; and with a soln. 
of thallium nitrate, G. Steiger obtained IhaUium-mesoldc. F. von Rielilliofen, 
C'. H. van Hi.se, and K. D. Glinka studied the eilect of natural agents on mesolitc. 

W. Haidinger described a zeolite which was obtained from Kilpatrick, 
•Seeitlaiid, by A. Edingtoii, and which was accordingly named edingtonite. A. Bnht- 
haupt named it mdmlnU' on account ed its heiuilieiiral crystals; and F. Mohs, 
hrdhynspur - from ppLdv<:, heavy. 0 . Norele'iiskje^i found it at Bolih-t, Swe'eh'ii. 
Analyses we-re re'porte'd by W. HaidingiT, J. Le*mberg, M. K.*II(*ddle, and G. Jand- 
stroin. (!. F. Ramimdsberg coinj)Ut<Ml tlie formula BaAl 2 Si;}OjQ, 3 iFO, eir tri- 
hydrated barium dialuminium orthotrisilicate B. Groth re garded it as a meta- 
silicate, BaO.j Al(()H). 2 |(SiOd;v 2 ]LO. G. Tseli-rmak re‘.gar(led it as a mi.vture, 
114810 . 1 , lLBaAl 2 Si 20 y.ll 20 . F. W. Clarke re'pre‘sents it iiy : 


ojo 

AUSiO, AIO'‘> 


Ba 

A1 

Ba 


SiaOs^AHOHaO 


J. LembeTg eibtained what he re>garded as edingtonite liy digesting artiHcial 
natrolHe wdth a soln. of bariifm chloride* feir 12 days. The crystals are small and 
inconspicuous ; and white with a grey or pink tinge. W. Haielinger re'garele'el them 
as tetragonal with sphenoidal hemih?drism, with the axial ratio a : c - 1 : 0*6725 ; 
while 0. Nordenskjold represented them Us rhombic with bisplie*noidaI heniihe'drism, 
with axial ratios a:b: c^0*9872 : 1 : 0*6733. ^he cleavage is comjilete when 
parallel to (110). 0. Nordenskjold gave for the optic Uxial angle's with Li-, Na-, 
and Tl-light, 2E=-M'' 51', 87"' 17', and 88 ' 8 ' respectively; and 2F.^-r)2" 17', 
52" 55 ', and 53 " 10' respectively. The sp. gr. is 2*694 -2*776 ; and the*, hardness 
4-4 1 . A. des Cioizeaux foiftid the double refraction strong and negative. 
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O. Nordensicjold gave Jor the indices of refraction respectively with Li-, Na-, and 
Tl-light, a-l‘5344-l*5361, 1*5370-1 *5395, 1*5401-1*5418; j8=.-l *5466,^ 1*5492, 
and 15522; and y— 1*5511^ 1*5540, and 1*556^. Edingtonite is decomposed by 
hydrochloric acid with the separation of gelatinous siljcic acid. 

'x. Thomson found aimineral cvWch he called gloUaliie near Port Glasgow, Scotland 
It occurred in octahedral crystals belonging to the cubic system. M. F. Heddle said that 
it is probably edingtonite mixed with harmotome, R. P. Greg and W. G. Lettsom regarded 
it as a chabazite. A. Sigmund’s galactite f^)iu Weitendorf, Steiormark, was considered to 
be a mixture of natrolite and scolecite. 

Flesh-coloured crystals of a rare mineral were found by T. Thomson in the ejected 
masses on Monte Somma, Vesuvius, and called sarcolite— from odpf, flesh, in 
allusion to the colour. This mineral is not the same as tlie zeolitic sarcolite from 
Vicentin--i;iV/e gmelinitp. R. J. HaUy seems to have considered these crystals to 
be analcite, and T. Montieelli and N. Covelli called it amkime carnea. A. Breit- 
haupt regardetl sarcolite as humboldtitc or melilite ; but A. des Cloizeaux, and 

F. de Fonseca showed that it is more probably a definite mineral species. The 
mineral was analyzed by A. Scacchi and M. del Lupo, C. F. Rammclsberg, and 
A. Pauly. C. F. Rammclsberg gave the formula NapCa27Al2oSi3i,Oi2o I 
and P. Groth, Na2CagAlflSiy03g. . 0. F. Rammclsberg supposed the mineral 
to be a complex of Na4Si04 : (^104 : Al4(Si04);p^"3 *. 27 : 10 ; or of NagAIgSiaOig 
-f 9Ca;iAl2Si2()i2. W. T. Schaller also favoured the hypothesis that in sarcolite, 
lime-sarcolite is in isomorphous admixture with soda-sarcolite, 3Na20.Al203.3Si02 ; 
or calcium dialuminyl-orthotrisilicafce, Ca^fAlOjgSiaOio, and sodium dialuminyl- 
orthotrisilicate, Na0(AlO)28i3Oio* The alternative view is to regard the one as 
cdkiim dialuminium triorfhosilicate, Ca;jAl2(Si04)3,and the other a.s the correspond- 
ing sodium salt. F. W. Clarke takes this view and writes : 

.Si04:^lAl::=Si04. 

Al( Si04':^€a3 ^ISiOjyAl 

SiO^-Gaj -SiO; 

The mineral has not been prepared artificially, although it is possible that some 
of the reported syntheses of meionite may really refer to sar(!olit(^ N, L. Bowen 
suggested that it has been formed in nature by the rapid cooling of a fused mixture 
of nephelite and pyroxene. R. J. Haiiy assumed that the cubo-octahedral crystals 
belonged to the cubic system ; but 11. J, Brooke showed that the pseudo-cubic 
crystals are really tetragonal with pyramidal hemihedrism, and have the axial 
ratio rt : c-4 : 0*88737 ; F, ZaLibonini gave 1 : 0*9861 ; and P. Groth, 1 : 0*4183. 
The crystals were studied by G. vom Rath, N. von Kokscharofl, F. Hessenberg, 

G. Striiver, C. F. Rammclsberg, and W. H. Miller. The cleavage is not appare^it. 
A. Breithaiipt gave 2*936 for the sp. gr. ; C. F. Rammclsberg, 2*932 ; and 
F. Zamboiiini, 2 920. The last-iiamed said that H. J. Brooke’s value 2*545 is 
erroneous. The optical character of the uniaxial crystals is positive ; F. Zambonini 
gave for the indices of refraction for Li-, Na-, and Tl-light respectively co— 1*6000, 
1*6035, and 1*6067; and €—1*6111, 1*6147, and 1*6180. Reconsiders that 
A. Pauly’s values W—V6404 and €-“4*6566 for Na-light must refer to some other 
mineral. The double refraction is strong and positive, €~a> being 0*0111, 0*0112, 
and 0*0113 respectively for Li-, Na-, and Tl-light. 

In 1790, F. de Belle Vue ^26 discovered a yellow mineral at Capo di Bove, 
Rome, which J. C. Delamethcrie called melilite— from jucAi, honey—in allusion 
to the colour— vide supra. The crystals which occur at Somma were called hum- 
boldtithe—aiter F. H. A. von Humboldt \ ' somervillile, by H. J. Brooke ; zurlUe— 
after 8. Zurlo— by V. Ramondinh The first attempt at analysis was made by 

P. Carpi. The mineral was subsequently analyzed by F. von Kobell, A. Damour, 
and many others.'*^ 

The selection of a formula for melilite has proved to be very difficult. The 
earlier analyses were not concordant. C. F. Rammclsberg gave the 
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formula (Na,K)2(Ca,Mg)ii(Fe,Al)4SiyOs« ; A. des Cloiz^'aiix gave the analogous 
formula 12R0.2R203.9Si02 ; W. Stahl, R20.29R0.3R203.^i02 ; C. Hintze, 
(C8,MgJ'e),(Al,Fc)2Sis0i, ; and J*. Qroth, (CB.Mg)e(AI.Fc)2SisOi,. J. H. L, Vogt 
suggested that the natui^l jaelilites are mixtures of gehlenite, 3Ca0.Al203.2Si02, 
and what he called akarmanite, 4Ca0.3Si02--i«df akermpite. This hyjwthiisis 
failed, because, as W. T. Schaller expressed it, the end-member gehlenite is not a 
distinct and definite species, but is itself a variable mixture of definite end-members ; 
and the other end-member akermanite wat given a wrong formula- -it should have 
bt^en iMgO.SCaO.OSiOg. F. Zambonini suggested three [wssible explanations of 
the composition of melilites : (i) they may be mixtures of the two types of 
compounds R"Si03 and R"3R"'2Si2f^io (**) they may have the general composition 
R"R'"2Si208.MR''2Si04 ; and (iii), as G. Bddlander 8\igge8ted,the*optically negative 
melilites may be mixtures of R^SiO^ and 5 tJie optically positive 

melilites, of R^SiO-j and R'^3R""2SiOe. He considered ^hat G. Btwilander's theory 
agreed well with the facts. W. Vernadsky gave R"ir"2Si20H.r)RoSi04. K. Busz 
and F. W. Kiisberg suggested that melilite is a mixture either of gehlenite and 
of gehlenite, Ca2Si04, and CaSiOs- F. W.'Glarke suggested that tlu^ 
melilites are mij^tures of 2(^a0.Al203.Si02 and 9Ga().Al2G;j.6Si()2. A. F. Biid- 
dington made a number of mixtures of akiTinanite. ('a2MgSi207, gehlenite, 
Ca2Al2Si07, and 3R'0.R203.3Si02, where R' Nao or Ga ; aiiik U— Fe or Al ami 
found all types of melilite minerals as solid soln. of these constituents. A. N. U'inchell 
represented the melilite minerals by R5O7, where R includi's the silicon ; gehhmite 
and akermanite are considered to he the dominant members of the series ; and 
the alkali es assigned to Na2Si307 or NaAlsSiO;. He said that unlike W. T. Schaller, 
and A. F. Buddington, he found grossular and andradite are not miscible with 
the melilites. An excess of silica may exist in the interatomic spaces in the 
molecules. 

In nearly all these cases lliere is litth^ evidence to sliow tliat the calcium meta- 
and ortlio-silicat(‘S can he united in isomorphous mixture with the alh’god end- 
members of th(3 melilit(; grouji. The aasume<i (‘n(l-memb(*.rs are in most cases (juite 
imaginary compounds. It is generally admitted that the melilites are isomor- 
phous mixtures of a certain number of end-products; and W. T. Schaller addiid 
that thes(‘ jiroducts must satisfy the requirements of isomorphism ; they must 
be related chemically ; they must have a similar crystal form ; they must form 
mixtures with the same crystal forms as the end-momlxTS themselves ; and it 
must be possible lo represent the composition of all natural melilites as mixtures 
of these end-members. He claimed that these coifflitions aro satisfied by assuming 
that all members of the melilite and gehlenite series, including fuggerite, can be 
represented as isomorphous mixtures of the four ])rimary comjmunds ; sarcolite, 
3Ga0.Al203.3Si02 ; soda-sarcolite, 3Na20.Al20^.3»Si02 ; velardenite, 2('a().Al203. 
Si02 i akermanite, 4Mg0.8Ca0.9Si02. Th^e have been discussed individually 
elsewhere. See also gehlenite. 

Melilite is always of pyrogenetic origin ; but it is found only in the younger 
eruptive rocks ; never in the plutonic rocks or crystalline schists. It is usually 
asvsociatfd with nephelite, and leucite, and it Hometimes takes the place of felspar. 
This subject has been discussed by F. I). Adams, F. W. Clarke, K. S. Larsen 
and F. J. Hunter, C. H. Smyth, A. Stelznv, and A. E. Tornebohm. Melilite has 
been reported in slags by L.* Bourgeois, F. Fouqu< 5 , J. S. Dittler, P. Heberdey, 
J. H. L. Vogt, J. Percy, F. Bothe, C. J. B. Earsten, P. Borthier, K. Busz and 

F. W. Rii8l)erg, D. Forbes, A. Gurltf F. Zaml^onini, G. Bodlander, A. Firket, etc. 

G. BodlAnder observed it in portland (^menl ; and L. Appert and J. Henrivaux 
found it to be produced in the melting of ordiifkry glass. L. Bourgeois prepared 
melilite by fusing a mixture of silica, lime, and alumina* in the reejuired proportions 
provided a salt of iron, magnesium, or manganese was present. It also forms more 
readily if some soda is present ; and all natural melilites contain soda. Melilite 
was also produced by J. Moroz^icz, and F. Fouque and A. Michel -Levy, by cooling 
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hmltic, and other rock magmas. Other minerals-^/iviiie ulga ,1 

aagite, conimlum, and spinel—were produced at the same time. ’ F. 
obtained it by crystallization from a fused mix/^^urc of lime and augitic aldmie 
or basalt. C. Doelter and E. Hussak found melilite ^mQng the products obtained 
by( cooling fused garnet or vesifvianite. C. Doelter synthesized melilite by fusing 
tourmahiie with calcium chloride and sodium fluoride ; K. Bauer, by fusing mica- 
schist, nopheline, or andesine mixed with lithium chloride, and sodium and calcium 
fluorides ; R. Medanich, by fusing a wixturc of garnet, sodium hydrophosphatc, 
sodium vanadate, and lithium chloride ; and C. F* W. A. Ootling, by fusing a mix- 
ture of silica, alumina, iron oxide, magnesia, lime, alkali carbonate, and calcium 
lliwride. H. Buddington's work on the synthesis of the molilitos is indicated 
above. 

M(ililite occurs in evvhcdral crystals and anhedral grains. The euhedral crystals 
are short square or octagV)nal prisms, or tetragonal plates. The colour is white, 
pale yellow, greenish-yellow, reddish-brown, or brown. Tlie crystals belong to the 
tetragonal system, and A. des Cloizeaux gave for the axial ratio a : c ~l : (V45483. 
The crystals may be cruefform twins with the vertical axtis only slightly inclined, ^ 
or nearly at right angles. The cleavage parallel to (0()l) is distinct, and indistinct 
parallel to (100). The crystals show some optical anomalies. The sp. gr. ranges 
from 2'9 3' I, and thp hardness is 5. V. S. Deleano and K. Dittler gave 1 180° for the 
m.p. ; ftnd J. H. L. Vogt, 1100°. The last-named estimated the latent heat of fusion 
to be 90 cals., and the total heat of fusion 390 cals. E. Jannetaz found th(‘ square 
root of th(; ratio of the thermal conductivities in the direction ot the base and of 
the chief axis to be 119. The indices of refraction are moderately high. H. Rosen- 
busch reported for red light, a)-l’6312, and €=1’6262; and for yellow light, 
m=l'6339, and €—1*6291, Values were also measured by K. S. Larsen and 
J. F. Hunter, and K. Busz and F, W. Rusberg. The birefringence is weak. 

H. Uosenbusch reported for Li-light €— cu--0*00530 ; for Na-light, 0 00517; and 
fOr Tl-light, 0*00591. The double birefringence is weakest for yellow light and 
increases towards both (‘uds of the spe.ctrum. The optical character is positive 
or negative. Tlu', opposite characters appear in different parts of the same 
crystal, and are sometimes arranged concentrically in zones with intermediate 
i 80 tro})ic portions. The two end-members sarcolite and akermanite are o}>tically 
positive, whereas melilite is generally negative although positive varieties are 


Isotropic 


known. W. T. Schaller^'^^ suggests 
two explanatory hypotheses. In one, 
a true compound of sarcolite and aker- 
manite is formed which is optically 
negative ; the melilites are solid soln. 
of this compound with smaller 
proportions of akermanite, sarcolite, 
and velardenite. If the indices of 
refraction € and m are not linear 
functions of the composition, as 
Fm. 180 -PoMibleBelatioi. between UieHeh^ illustrated diagrammatically in Fig. 
tive Indices of Mixtures of Sarcohto and ,, .1 .• i i-. ® 

Akermanite. negative melilites may 

be isomorphous mixtures of two 
positive minerals. A. Stelzner studied the pleocluoism of the crystals. Cone, 
hydrochloric acid decomposes the Mielilitea with the separation of gelatinous silicic 
acid. '' 



An alteration product of melilite from Cebolla Creek, Colorado, was reported by 
E. 8. Larsen and W. T. Sehaller, and named cehollite. The analysis corresponds with 
CaiHiAljSijO.,. If, as F. W. Clarke suggested, the absence of the alkaline re^tion with 
phenolphthalein when the powdered mineral is moistened with water indicates that 
CaOH-groups are absent, the graphic formula can be represented Ca=tSi 04 ==lCa.Bi 04 
=-X?a{Al(OH),nti calcium dihydroxyaluminium trioriKoi*aicate. The crystals aife probably 
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ihombic, biaxial, (>oaitivo, o— r695, j5=r600, and y=r(}28. Thesp. gr. in ‘i lMi, and the 
Ukrdness 5. The mineral gelatinizee with acids, and resembloa the zeolites in its geturul 
[>roperti^. 

The early obsorvatioi^s on the distinction between houlandito and stilbito are 
indicated in connection, with* the latter. Heolandite is the stilbik amimorphiq^t^ of 
R. J. a^d the cuzeolile of A. Breithaupt. * * ^ 

The heaumoniite of A. Levy — name<l after E. de Beaumont - was found in yellow 
crystals at Jones’ Fall, Baltimore, and was A)n6idered by F. Alger, J. I). Dana^ A. des 
Cloizeaux, J. Beraelius, A. Scli*nidt, E. Mallard, (i. H. Williams, and W. Klein to be 
identical with heulandite. 0. Rose did not as:r(‘o that the two minerals arc identical; 
but E. V. Shannon found the crj'stallographie and optical properties, and the chemical 
composition to bo in such close agreement that bt'aurnoutito could hi' rt'giirded only 
as a variety of heulandite. E. Hitchcock reporti'd a mineral whii'h lie called hncolnitn 
from Deerfield; but J. J. Berzelius, and A. das (Joizeaux sho^iHi that it is heulandite. 
Monoclinio crystals of a mineral from the granite blocks* of Fonte del i'rete, Elba, 
were named oryzitr — from opv^a, rieo-~by Cl. (Irattarola, in allusion to Uie shape of the 
crystals. A. .Vrzruni, and 1*. Groth suggeshni that it is identical with heuhuulite. He 
also obtained minute acicular crystals of a mineral from the granite of San I’iero, Elba, 
which he named imcwUmiitrolttv. on account of its reseiiiblance to natrolile. He later 
showwl that it more closely rcs<>mbles heulandito. E. \V. (’larke said that iiseudo-natio- 
lite has nearly the .same composition as stellerite, hnt witli 2 mols less water. G. d'Achianli 
suggests it is a variets of pilolite. A variety calledVaCa/n a/uadi/c was studmd hy (1. Slok- 
lossH, O. Weigel, K. H. Seheuinaiin, ami E. Biime. , • 

The old analyses of J. C. F. Mcycrd'^'* and L. N. Vatupielin gave a vety good 
ap[>roxiinatiou of tiic composition of heulandite. Many analy.ses have bc'en made 
since then ; and it is not always clear whether heulandite or stilhite was under 
examination. The bases are lime, and small projiortions of soda and jmtash ; 
a little lithia is sometimes present. P. Jannasch, F. Zambonini, B. Mauritz, 

O. Weigel, and F. W. Clarke and Cl. Sleigei found samples with up to .’Vtif) per cent, 
of strontia ; and D. Lovisatn, a sample with 2 55 jier cent, of baryta. C. F. Ram- 
nu'lsberg first summarized the analyses by the formula (’aAl2SieO|(5.5ll.2C). 

P. Jannasi h, and F. Rinne used somewhat similar formuhe. This is used to-day 

as the best representative formula ; it makes heulandite pentahydiated calcium 
dialuminium dimesotrisilicate, FaAL(Si;jC)g)2.5n.2(). C. F. UammelslxTg lati r 
modified tlie formula to H4(^aAl2Si60]g.dH20, which i\ Bode wig wrote 
Hd 'aA1.2(Sit);5)B.-lH.20. (1. T.schcrmak u.sed a similar formula. Later still, 

('. F. Rarnmelsherg coiwidered the mineral to be a mixture of two such silicates. 
11. S. Washington u.sed the formula (('aSi._j)(AlSi208)2.5H2(), regarding lumlandite 
as a salt of the alurninosilicic acid, HqA1Si 2()8. (' Ross aiul E. V. Shannon gave 
(Fa,K2-Na2)0.Al20;}.78i02.5H20. (’. Doelter n^presented lieulandite as a mixture 
of silicic- acid and a silicate; CaAl 2 Si 4 C)i 2 . 2 H 2 Si 03 . 3 H 2 (). H. Ilillelirand, and 
E. Baschieri separated from heulandite what he called heulan^ific a/'id, IljoSigOiy ; 
and assumed that heulandite i.s a salt of this atid. Cl. Tschermak later said that 
the mineral is a complex of four calcium dialuminium .silicates. F. W. ('larke 
represented heulandite by a formula like that employed for stilhite, hut wit h a mol 
less water. 

A. D^mour found that heulandite from f’arbe. loses jiart of its water in dry 
air, and regains it in ordinary air ; at 100", the mineral loses 2’1 per cent, of water, 
and 8‘7 per cent. ))etween HX)'’ and IbO'" ; the lost wat<T is regainc'd by ex])Osure 
to air for 21 hrs. At 190'’, the mineral Uses 12*3 per cent, of water, and all but 
21 per cent, is regained by two months' exposure to ordinary air. P. Jannasch 
found the loss with the fine-grained ^iiineral greater (or faster) than with the 
coarse-grained mineral. A. A. Ferro, C'^Bodawig, and C. Hersch made observations 
on this subject. F. Rinne found the loss greater (or faster) in vacuo than in air 
dried by sulphuric acid ; and F. Zambonini found the Joss over sulphuric acid in 
vacuo to be : 

Time . .3 5 24 48 72 118 1«0 310 660 hr«. 

Loss . 2 -36 2 62 4 86 ,5 '25 6 '44 6*63 6 83 6 08 6 08 per cent 
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The losses in dry air at, different temp, were : 
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Although there is a break in the curves, there is nothing to show that any part 
of the contained water is constitutional. The lost'^water is rapidly regained if the 
temp, of calcination has not exceeded 300"^. G. Stoklossa found that at 17°, in 
air sat. with moisture, heulandite is in equilibrium with the atm. when it contains 
about 16 per cent (q. to 5 5 mols. — of moisture, and therefore assumes that the 
ordinary formula should be doubled, *Ca.2Al4Sii2032.11H20. While the dehydration 
curve is contiguous, he found that the rehydration curve of heulandite, which has 
been heated to a series of temp, between 17° and 380°, shows a number of breaks. 
A. Beutell also said that there are 1 1 mols. of water in heulandite, and all are present 
as water of hydration. 0. Weigel inferred that the zeolites are neither adsorption 
products nor colloids of the nature of gels. Contrary to A. Beutell, 0. Weigel 
maintained that the hydration and' dehydration curves are practically reversible 
at temp, below 180° ; and in agreement with K. H. Schumann, no permanent 
change caused by (lehydration up to a content of 3H.>0 ; the dehydration curve 
IS almost continuous ; the breaks at higher kmip. would not occur with integral 
mols if any considerable decomposition occurred ; the curves of 0. Weigel, and 
K. H. Schumann are concordant up to 200° ; and optical observations give no 
evidence of decomposition. Hence, A. Beutell’s hypothesis is not proven. 
0. Weigel con8i(ler(‘d the water to form a special kind of solid soln. which, as a 
result of the directing forces of the relatively rigid silicate lattice on the easily 
mobile water mols. shows some analogy to true hydrates. He added : 

The water in zeolites posaossos the property of mobility to a high degree whilst the 
silicate space-lattioo must be (‘onsidered as I’clatively rigid. Tlio water mols. entering 
into the mesh cavities of this lattice will tend, according to their thermal press., to become 
uniformly di8tributo<l ; on the other hand, the silicate mols. (or portions thereof) in the 
crystal lattice will tend to hold by attraction the water mols., or a portion thereof, in 
position in entire confonnity with the symmetry of the lattice. Jioth temlencies can be 
simultaneously satisfied only if the number of water mols. is a complete multiple of the 
number of silicate mols., for only under those conditions can the water mols. arrange 
themselves in identical formation round each of the other mols. of the silicate lattice. 
It is only exceptionally' favourable mixtures such os those that give the straight line in 
the dehydration curve. All other mixtures correspond to points on the irregular curves. 
The zeolites are therefore considered to lie solid soln., but it is an open question whether the 
water in this soln. reacts with tlie soKi'^nt, i.e. forms an intimate compound with the sili- 
cate, or whether it enters the lattice a mol. dissociated into its atoms, or into ions. 

(J. Panicolii found that dehydrated zeolites absorb air and the absorbed air 
is richer in oxygen than is ordinary air ; thus a gram of zeolite previously heated 
\o 240° absorbed I 093 c.c. of air which contained 28 per cent, of oxygen. G. Tam- 
maim, K. H. Schumann, and R. Lowenstein measured the vap. press, of houlandite 
and some of its substitution products -potassiura-heulandite, and calcium-heulan- 
dite. The vap. press, is a continuous function of the combined water so that no 
breaks appear in the curve. The latter found that when in equilibrium with an 
atm. where the partial press, of the water-vap. was p mm., the mineral lost : 

p . 21*58 19*60 17*63 13*45 , 8*82 4*41 1*76 0*56 0*18 mm. 

Loss . 0 06 0 12 0 24 0*36 0*50 0*79 M5 1*56 3*70 per cent 

Similar measurements were made with calcium* and potassium-heulandites. 

Heulandite occurs principally in basaltic rocks associated with other zeolites, 
it also occurs in gneiss and occasionally in metalliferous veins. C. Doelter^s? 
recrystallizcd the powdered mineral by digesting it in water sat. with carbon dioxide, 
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in a sealed tube at 170'’ for 14 days. He also made it by digesting a mixture of 
powdered anorthite, freshly precipitated silica, and earbouhted water in a sealed 
tube foi^4 days at 200°. 

Heulanditc occurs iij globulir forms and granular ; in flattened euhedral 
crystals ; and in grouj^ of ^ubparallel crystals producing curved surfaces. The 
colour is various shades of whitti passing into grey, red, "and brown. A. H/f'it- 
haupt^^® considered heulandite belonged to the triclinic system; and Cl. voni 
Rath and F. Hessenberg obtained triclinic varieties from hllba and Iceland. A. des 
Oloizeaux jahowed that the cr^tals belong to the monoclinic system, and have 
axial ratios a ; 6 : c— 0'4035 : 1 : 0*4788 ami j3=-6d^ 40'; recalculating the axial 
ratios to the jMeudorhombic from a:h: c^0*40347 : 1 : 0*8586, and 88° 34J'. 
The crystals were studied by F. Rinne, A. Sigmund, 0. Tietze, ami J. Kiinigsberger. 
The twinning plane of the crystals is (ICX)). Tl)^* cleavage parallel to (010) is perfect. 

F. Rinne studied the corrosion figures; and also tlu‘ •X-radiograms. According 
to ’A. des C’loizcaux, the optic angles vary from 0°-92°, usually 2/^ 52° for the 
red ray, and 53° for the him* ray. P. (laubcrt gave 21' 3i ' 22'. E. Artiin 
found 2A’- 81° 14' -94° 27' in yellow light, and 103° .50' in white light at 150°. 
0 Tietze gave 2^--51° 49'. F. Rinne, A. des ('loizcaux, E. Mallard, W. Klein, and 

G. B. Negri, measured the influence of temp., on the optic angles and the planes 
of the optic axes. E. Mallard found that raising the temp, to 150° changes the 
axial angles and plane, but the original condition is restored when th(‘ crystals 
regain their water; but if heated to 180° the sections become opa(pic,1ind the 
change is permanent. F. Rinne said that •the various changes which occur arc 
due to the loss of water ; the high temp, form is called metahvuhmhte. The sju gr. 
of heulandite is between 2*17 and 2*22 ; V. Goldschmidt found a samjde of sp. gr. 
2*202 : and E. Billows, one^ 217. F. Cornu has drawn attention to the quartz 
inclusions soinetimes found in heulandite vitiating these determinations. P. Gaubert 
measured the s]). gr. of the mineral. After being heated to different t(‘mp. the hard- 
ness is between 3J and 4. The action of heat on heulandite is indicated above. 
C. Doclter obtained a pyroxenic mineral, anorthite, and a glassy matrix ]»y slowly 
cooling molten heulandite. P. E. W. Oeberg gave for the sp. ht. of heulandite 
0*2682. 0. Mulert found the heat of soln. in dil. hydrofluoric acid to be 0*5501 Cal. 
p(‘r gram; and h(‘ calculated the heat of formation to be CaO-f AljjOa -t G8i02 
-f Aq. -Ca 0 .Al 203 . 68 itLcryrt."f b9*‘M Cals., or 0*141 Cal. per gram. R. Brauns, 
and F. Rinne have discussed the optical anomalies. According to A. Michcl- 
Levy and A. Ijaci^oix, the indices of refraction are a~ 1 *498, j3 — 1 *499, and y - 1 *505 ; 
P. Gaubert obtained a— I *4996 -1*4998 ; -J •5(X)ii~l 5(X)8 , ,and y~ 1*5069 1*5070. 
C. S. Ross and E. V. Shannon gave a -4*182 ; )3 -1*485 ; and y--- 1*'189. P. Gau- 
bert measured the change in the indices of refraction on heating to 2(K)° ; a changed 
from 1 *5004-1 -4651 ; j3, from 1*5015-1*4651 ; and y, from 1*5078- 1*4747. The 
birefringence is low; A. Michcl-Levy and A. •Lacroix gave y—a— 0*(X)66. The 
optical character is positive. 0. Weigel studied the electrical conductivity of 
heulandite. 

According to P. Gaubert, the coloration of heulandite by coloured liquids is 
due to •the adsorption of the coloured liquid itself. F. W. Clarke found that 
powdered and moistened heulandite reacts feebly alkaline to phenolphtlialcin ; and 
G. A. Kenngott, alkaline to litmus. G. Steiger, S. Hillebrand, and C. Do(dter found 
that heulandite is perceptiWy soluble in water ; and the solubility in carbonated 
water or in soln. of sodium carbonate was found by C. Doelter to be greater. 
J. Tjcmberg digested heulandite with soln. ol sodium and potassium chlorides for 
about a week ; the lime was displaced*by the alkali, forming respectively sodium- 
heulandite, and fotassium-heidandite. He also studied the action of soln. of sodium 
silicate, borate, and phosphate. F. W. Clarke and G. Steiger heated heulandite 
with ammonium chloride in scaled tubes at 350°, and obtained an ammonium-keu- 
landiU. When heulandite is digested with hot hydrochloric acid, a granular to a 
gelatinous silicic acid may b# formed ; with cone, acid, E. Lowenstein obtained 
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finely powdered silicic acid. S. Hillebrand said that the air-dried acid is coloured 
pale blue by methylene-blue. F. Rinne, and F. Cornu also studied the action of 
^ acids on heulandite. 

H. J. Brooke found a zeolite mineral at Stron|aii^, Scotland, and named it 
br^^terite “-after D. Brewster.^ It has been found in a number of other localities. 
A. Breithaupt called it \liaf/onUe. Analyses were reported by A. Connell, T. Thom- 
son, F. Rinne, and J. W. Mallet. C. F. Rammelsberg studied the relation of brew- 
sterite to heulandite and to epistilbite jr and finally represented it by the formula 
R2Al4SinOgo'l()H20 ; and F. Rinne gave R2Al4Sii2032.11H20, whers R repre- 
sented (Sr,Ba,Ca,Na2,K2). C. Hintze gave a somewhat similar formula ; and 
P. Groth gave (Sr,Ba)Al2Si0Oj0.5H2O ; that is, pentahydrated barium (and stron- 
tium) dialuminium dimesotrisUicate, BaAl2(Si30g)2.5H20, and SrAl2{Si308l2-^^>H20. 
F. W. ('larke represented it by • 

* n 

’ Al~Si3()«-AI<^!®^»>Al-.Si3O8^Al-fl0H2O 

analogous with tlui formula for heulandite. It may possibly be a solid soln. of 
barium, strontium, calcium, and alkali salts. G. Tschermak considered it to be a 
solid soln. of two ty^)e silicates as in the case of heulandite. 

The^colour of brewsterite is grey, green, yellow, or brown. The crystals were 
measured by W. Haidinger, J. W. Mallet, W. H. Milh‘r, etc. H. J. Brooke’s data 
show that the prismatic crystals are monoelinic, with the axial ratios a\h\c 
= -0'40482 : 1 : 0*42042, and j8 --80^ 20'. The cleavage parallel to (010) is perfect, 
and traces of cleavage are found parallel to (1(X)). A. des Cloizeaux gave for th(‘ 
optic axial angle 2A'--94® for the red ray, and 93^ for the blue ray ; A. Lacroix 
and A. Michel-LcWy gave 2F-~65°. A. des Cloizeaux found that raising the tern}), 
from 8'8^--105*5°, altered 2E from OS'" 43'-95'’ 20'. W. Klein, and F. Rinne 
made observations analogous with those obtained with heulandite. The sp. gr. is 
2'l-2*5 ; and the hardness 5-5^. A. Damour reported that brewsterite loses 
1*05 per cent, of water when exposed to dried air at ordinary temp, for a month. 
At lOO"", 0*2 per cent, was lost in 2 lira. ; at 130'', 7 i)er cent, was lost, and all but 
2*7 per cent, regained by exposure to ordinary air for 48 hrs. At 190'', the loss was 
8*2 per c(Uit., and all was regained after 48 hrs.’ exposure to ordinary air ; at 270", 
10 per cent, was lost, and all but 1*2 per cent, was regained after 8 days’ exposure. 
At a dull red-heat the loss was 12*8 per cent., and, at a bright red-heat, 13*3 per 
cent. 0. W<‘igel showed that the loss of water appears to be a continuous process 
— vide heulandite. A. Lacroix and A. Michel-Levy gave for the mean ind(*x of 
refraction I 15, and for the birefringence y— a~4)*0i2. A. Damour found the 
crystals to be pyroelectric. Brewsterite i.s decom]}o8ed by ac'ids with tfie separa- 
tion of granular silicic acid. 

A. Cronstedt i**^ made references to zeolites crystalli ad centrum tendentes 
and zeolites lammdlaris; and J. G. Wallerius, C. A. S. Hofmann, and J. C. F. Meyer 
regarded the latter as a foliated zeolite. A. G. Werner described four members 
of the zeolites and called them Mehlzeolith or nwaly zeolite,; Faseizeolith oi' fibrous 
zeolite; Strahlzeolith or radiated zeolite; and Blatterzeolith or foliated zeolite. 
J. C. Delann^therie called radiated zeolite, zeolite nacrie or stilbite ; and R. J. Haiiy 
regarded this zeolite as the type member of a species w*hich he called stilbite — 
from orr/AjSi^, lustre - and foliated zeolite was considered to be a variety which he 
called stilbite anamorphique. A. Breithaupt supposed radiated and foliated zeolite 
to be distinct species, and called the foimer desmine — from fieor/x?/, a bundle — 
and the latter euzeolite. H. J. Biooke followed R. J. Hatiy and called radiated 
zeolite stilbite, and foliated zeolite, heulandite— after H. Heuland— in this 
H, J. Brooke has been followed by the French and British mineralogists ; the 
Germans call H. J. Brooke’s stilbite, desmine ; and sometimes they call heulandite, 
stilbite. 
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F. S, Beudant studied two varieties of stilbite w’hieh he doHignated hypot>tilbitt and 
»ph<pro8tilbite— the hypo(ie8inine and sphfierodesmine of A. Breitliaupt. These variotiea 
were di^ussed by E. F. Glocker, J. F. L. Hausmaiun, A. des Cloizeaux, and S. Haiigliton. 
J. D. Dana regaided liypostilbite as a separate spwies, but J. D. Dana later included it 
with stilbite with a rather low percintage of siljca. L. I.ielxjiier and J. Vorhausc'r, and 

F. Bukeisen described a^ in3<ieral from PuflerlcK-h, Tyrol, w'hich ho called pujliritc. 

G. A. Kenngott regardeif it as a stilbite. J. W. Mallc^t regards! laumontiU's from ^ye, 
and Bombay as hypostilbites. G. vom Hath called cry.stals of a mintM’al lining cavities 
in the granite of San Piero, Elba, /or<?sf/e— after G. F. Forresi. It was analyzed by 
A. d’Achiardi, and F. Sansoni ; and these onnl;^8 were recalculated by ('. F. Bnmmolsbcrg. 
A des Cloizeaux showing that it is a variety m stilbite. The ^yht^drite of C. U. Shepard is 
stilbite. ¥. Rosicky and S. J. Th^igutt doscrilDeil a mineral which they called epuksmim. 
Its chemical composition is near that of stilbite, :lCa(Naj,K 2 )Al,Si, 0 ,,. 2 (HIj() ; it funu.shes 
rhombic crystals of sp. gr. 2 ‘16. 

The oldest analyses of stilbite are by W. Hisingerd^* J. N. Fiielis and 
C. G. Retzius ; nnnierous others have since beei^ ifiade. C. F. Raniinels- 
berg ^'*3 deduced the lormula CaAl2SiflO|e.GH2(), and assumed tlyit this silicate 
was associated wdth Na2Al2Si<j0j({.6H20. This makes stilbite hexahydrated 
calcium dialuminium dimesotrisilicate, GaAl2(Si30rt)2.GH20. W. Fresdiius 
jiostulated that stilbite is a mixture of two .silicates. (’. Doelter inferr»‘d from his 
observation on tfie formation of anorthite during the cooling of molten still5ite, and 
A. Damour’s obscrvation.s that two mols of combined w'ater are present, that stil- 
bite contains two mols of silicic acid in .solid soln., viz. GaA1.2Si40]2.2H28i()2.41l20. 

F. (troth used C’. F. Rammolsborg s formula, (('a,Na2,K2)Al28i(jOig.(>H^(), but 
assumed that in some cases another tylicate, CaAl2»Si208.3H20. is present. 

G. T.schermak first gave lL(-’aAl2SieO]g.4H2() : later, he addisl anoGier mol. of 
w'ater ; and later still, he assumed that the stilbites are really associations of four 
ditlerent calcium aluminium silicates. F. W. Clarke gave (^aAl6(8i;}08)6-18H20, 
an<l later, he gave : 

Si 0 " ' 

“>A1 ~Si/)h- + I2H2O 

E. Manasse used a graphic formula in which it was assunu'd that stilbite. is a mixed 
orth()sili( ate and mesotrisilicate. ('. llerscb also set up a constitutional formula 
for this substance. 

A. Daniour Tound that stilbite loses 1‘3 p(‘r cent, of water at KXF ; 15 per 
cent, bi'tweeii l()y ' and lotf, and all but 5 per cent, of the lost water is regained by 
.'3 days’ ex|)o.sure to ordinary air; at 17(F, 10 percent, of water was lost, and rather 
less tlian half of this is regained by 15 days’ j;x}t)Hure to o-rdinary air. (!. Hersch 
found the lo.ss of w'ater after two hours’ heating at different temp, amounted to : 

104^ l.'iO'’ -210" 250“ 200“ Kud heat 

I.oss . 3 K4 8*71 12 16 I.T60 14-78 1 8 ’63 por tout. 

F. Kiime’s observations agreed better with A. Damour’s than with (!. iferstdi’s. 
E. Mana.sse concluded that the w'ater given otf below 250' is zeolit ic water, and that 
given off above that temp, is constitutional water. F. Zambonini rm'asiired the 
I0.SS of water in dry and moist air suffered by stilbite with 18‘GI per cent, of water ; 
and found for dry air : 

112“ 175“ 210“ 20.5’ 328“ 385“ 440“ 

Lo.hs . 7-88 11.')! 13 56 1468 15-66 15-67 17 56 poreent. 

• * 

and he inferred that the dehydration proc.<‘Hs is greatly dependent on the humidity 
of the air, because for moist air lie Jound : 

118“ 173“ . 215’« 260“ 8J0“ 380“ 

Loss . . . 3-71 9-69 12 59 13 85 14‘65 15-75 |K'r cent 

E. Lowenstciii found that when in equilibrium with yatcr vap. at a partial press, 
p mm., stilbite had lost the following proportions of water at 25' : 

p . . . 21-58 I9 60 17-63 13-45 8'52 4-41 1-75 0 .56 0 18 inm 

l.K)tw . .0 11 0-2p 0*32 0-43 0'63 092 D32 1*98 4-21 jier cent. 



760 


INORGANIC AND THEORETICAL CHEMISTRY 


Similar measurements were made with calciuA-, potassium-, and ammonium- 
stilbites. A. Beutell and K. Blaschke also measured the rehydration of stilbite 
dehydrated at different temp, and inferred that the breaks in the curve indicate 
that 14 hydrates are formed., 

Stilbite occurs in cavities in amygdaloidal, basaltic; and other rocks. The high 
degTJe of hydration of the mineral favours the view that \t is not a high temp, 
product. It is apparently being formed by the action of the thermal waters at 
Olette on the granite, E. Manasse discussed its formation from orthoclase at San 
Piero. E. Baur and F. Becke noted the ’formation of a stilbitic substance when a 
mixture of silica, alumina, lime, alkali hydroxide, anil water is heated for l2-16 hrs. 
at 350°. E. Tischler found that when a mixture of 96 parts of kaolinite, 80 of silica, 
and 20 of lime is repeatedly exposed to the action of steam, after grinding, a silicate 
of the composition CaAl 2 Si(j 0 i(j. 6 * 12 H 20 is formed, and the crystals are sometimes 
found in sand-lime, bricli. 

The crystal^ of stilbitti are often grouped in nearly parallel j)osition8, forming 
sheaf-like aggregates ; in divergent or radiated forms sonuitimes s})henilitic ; in 
thin lamellar prisms ; and pseudo-rhombic pyramids : the colour is white, but 
may be tinged grey, yellow, brown, or red. R. J. Haiiy described the 
crystals’as rhombic pyramids ; but A. Breitliaupt showed that 'like harmotomc 
they belong to the monoclinic system and that the pseudo-rhombic form is produced 
by cruciform twinirlng, A. von Lasaulx found the axial ratios of the monoclinic 
crystalsHo be a:b: c=0'76227 : 1 : 1 •19401 and j8=50'^ 49|'. G. Tschermak gave 
a : 6 : c -()'4628 : 1 : 0'381l, and j8~89° 30'. According to L. Langemann, the 
crystals are composed of triclinic individuals ; and F. Rinne showed that when 
heated, the mol. structure becomes like that of a rhombic crystal. The crystals were 
studied by B. Jazek, and J. Konigsberger. The crystals are always twinned, 
usually in thin tabular crystals parallel to (010), or else in cruciform penetration 
twins about the plane (OOi). The cleavage parallel to (010) is perh^ct. L. Lange- 
mann studied the corrosion figures which arc best produced with hydrofluoric acid. 
A. Michel-Lcvy and A. Lacroix found the optic axial angh? 27—33°; A. von 
Lasaulx, 2F=:52°-53° in blue light ; and A. des Cloizeaux, 2K - 51° 10' for red light 
and 52° for blue light. He also observed a small increase when the temp, is raised 
to 75°. The sp. gr. ranges from 2‘094~2’205 ; and the hardness from 3J -4. J. Joly 
found the sp. ht. to be 0’262J. The action of heat has been discussed above. 
C. Doelter found that when melted and slowly cooled, stilbite furnishi's clusters of 
acicular crystals of a pyroxene-lik<‘ mineral, and often anorthite in a glass-like 
matrix. The index of refraction is low ; A. Michel-Levy and A. Lacroix gave 
a-~l'494, 1-498, ahd y— I’dw. The birefringence is low. y~a— 0-0()93. 

J. Konigsberger and W. J. Muller found the indices of refraction to be a=l'493, 
|3=1’501 , and y - I 5(4 ; and after treatment with a 25 per cent. soln. of potassium 
chloride, a -1-478, 1*481, and >'-"1-483. W. W. Coblentz found the, ultra-red 

transmission spectrum gave all the water-bands superposed ; but no important 
bands peculiar to the mineral itself. 0. Weigel studied the electrical conductivity 
of stilbite. 

G. A. Kenngott found that the moist powder reacts alkaline to litmus : 
F. W. Clarke ahd G. Steiger confirmed this observation, and found that water extracts 
a little alkali from the mineral at 70°. J. Lemberg found that there is an exchange 
of bases when stilbite is treated with soln: of potassium or sodium chloride, forming 
respectively potassium-stilbile and sodium-siilhite ; and with a soln. of barium 
chloride all the calci\m\ is displaced by barium, forming barium-shlbite, 
F. W. Clarke and G. Steiger heated stilbite and ammonium chloride in a sealed tube 
and obtained a complex ammonia-derivative. J. Konigsberger and W. J. Mttller, 
A. Bimtell and K. Blasche, R, Gans, H. Eichhorn, and I. Zoch studied the action 
of soln. of ammonium chloride on stilbite and concluded that an ammoniuni-stilbitc 
is formed. The transformations of stilbite in nature into albite, orthoclase, 
sand quartz, were studied by M. F. Heddlc, J. R. Blum, and C. R. van Hise. 
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Hydrochloric acid decomposes the mineral with the sejmration of granular and 
gelatinous silicic acid. F. Riuno heated the silica-gel from* stilbite and obtained 
a pseud^orph of silica after stilbite. 

In 1826, A. Breithaupt dAcribcd a mm Species der ZeoliOmdnmiy from 
Iceland and the FSroe Jslautts which he named momphm\e—yi.ov<xl>dvri%, appear- 
ance — in allusion to the lustre of the fractured surface. In Apriority claim, G . Iwse 
pointed out that he had named the same mineral epistilbite in two mineral collections. 
W. S. von Waltershausen named a specimen from Bogarhord, Iceland, parastilbite ; 
and F. H^ssenberg refers to 9 specimen from Santorin, named reissite—iiUet 
W. Reiss. C. A. Temie identified parastilbite, and 0. Luedecke, reissite, with ‘ 
epistilbite. 

A number of analyses lias been reported, and from these, i \ F.Rammelsberg 
computed the formula (C'a,Na 2 )Al 2 SiQOi(j.r)H^O ; or (’aAl^SiflOie-fill^O, making 
o}ustilbite into pentahydrat^ calcium dialummium dimesotrisilicate, 
CaAl2(8i308)2 ''''H20. i\ Bmlewig, and (’. llintzc gave li4CaAl2SioO]K.3}LO ; 
G. T.schermak, (.'aAI^SioOig.filLG ; Rosi<‘ky and S. d. Tliiigutt, 

3Ca(K,Na).,Al.,SigOig.2()H.i() : J*. Jannascli, }I.,(’aAL8i(jOj7.41l>() ; K. Kinne, 
CaALSifiOifi.r)^^); and P. Gndli, “ K. W. .Glarke 

regarded heulaiidito (y.c.) a?id epistilbite as dimorphous forms of one silicate. 
F. A. Quenstedt, C. A. Tenne. P. Groth, and F. Kinne emi)hasized the relatioushi[> 
between epistilbite and heulandite. The second apj)roximafion to tlui formula 
is therefore largely dependent on which view' is taken of the combined water. The 
ammint of water in the reported analysis ranges from 12 52 to 15 68 per cent. 
V. Goldschmidt gave 15’5 ()er cent. C. Bodewig found samples containing 15'40 
and 1515 per cent, of water which retained 14'72 per cent, when dried over 
calcium chloride. P. Janna.sch found that wdien epistilbite is confined over cone. ’ 
sulphuric acid it lost 104 and 1*97 per cent, respectively in 5 and 48 hrs. ; over 
phosjihorus pentoxide, it lost in W'cight I 03 and 2'14 per cent, respectively in 3 
and 48 hrs. ; over calcium chloride, it lost 0’54 per cent, in 5 hrs. ; and over <lry 
Hand, O’ 10 jier cent, in .5 hrs. F. Zambonini found that when heat(‘d in a stn'am of 
moi.st air, epistilbite with 151 1 per cent, of water lost at : 

12()» m'’ 210“ 218“ SOS* 377“ 455“ 

Loss . 2(J(i 4’70 7 31 l()-3:i 12150 1;L27 14 00 per cent. 

% 

He concluded that epistilbite contains n»*ith(T water of crystallization nor con- 
stitutional water ;*the water is adsorbed as zeolitic W'at(*r. 

Epislilbit{‘ occurs associated with stilbite iif various localities, in isolated 
crystals, or in tufts or spherules with an internally radiated structure. The colour 
is wliit<‘, may be with a reddish tinge. G. Rose supposed the crystals to be 
rhombic, but A. des Cloizeaux, and C. A. Tenne found them to be nioiioelinlc ; 
and the latter from G. Rose’s measurements, calculated the axial ratios 
u : 6 : c--0’50430 ; 1 : 0’58006, and j3^-54^ 53'. Measurements were made by 
0. Luedecke, C. 0. Trechmann, C. Hintze, and P. Jannascli. A. Levy em- 
phasized the similarity between the crystals of heulandite and epistilbite. The 
twinning parallel to the ( 100 ) and ( 110 ) planes is common ; there are also cruciform 
penetration twins. The cleavage parallel to (010) is perfect. The optic axial 
angle is large. A. des (Hoizcaux gave 2^— 67"’ -77'’ for the red ray, and 79'^-83'' 
for the blue ray. B. Maurkz gave 2E For the Li-, Na-, and Tl-rays, 

C. A. Tenne found respectively 30', 75"* 35', and 76"' 40' ; L. Henniges, 

, 2^=69"* 12', 70° 45', and 71° 55'. S^G. Gordc^i gave 2A’™40° nearly. Raising the 
temp, from 12°-121°, was found by A. d «8 Cioteeaux to raise 2E from 70° 25'-74° 56'. 
F. Riune showed that when the temp, of the nitmoclinic twins is raised, the crys- 
tals become rhombic ; if these crystals be exposed to air, the expelled water is 
readsorbed, and the original optical characters arc resumed. This does not occur 
if the crystals are embedded in Canada balsam. The sp. gr. of epistilbite is near 
2*25, and the hardness over 4.» The index of refraction found by A. des Cloizeaux 
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is for the red ray ; A. Lacroix gave a— 1’512 and y—1‘502 for Na-light. 

S. G. Gordon gave a— 'l‘435, 1*495, and y— 1*50(), and y—a— 0’015. A. Michel- 

Levy and A. Lacroix found the birefringence is low, y— a=0*010. V. Roflcky and 
S. J. Thugutt gave y— a--i0*015, and jS— a==b 010. JThe optical character is 
negfitive. Epistilbitc is almost completely decompose by cone, hydrochloric acid 
with the separation of granular silicic acid. 

A groufj of minerals called scapolites is analogous to the group of felspars in 
that they form a series with a gradual ivariation in composition between two end- 
rnembers which G. Tscliermak,^^^^ in his memoir Die Skapolithreihef i;egarded as 
meionite, Ca4AlQSie025, or Me, and marialite, Na4Al8Si9024Cl, or Ma. There is no 
sharp line of demarcation in the series, but, as with the plagioclase felspars, certain 
members of the series have received special names— wernerite, mizzonite, etc. His 
three subdivisions are , 

t 

1. Me to M(9,^Mai or 100 07 per cent, meiouite, or 40 4S peroont. silica. E.g. meioiiito, 
and wenierito (paraiitliiiio, niitiallde, glaucolite, strogaiiovite, algonle, and wilsonito). 

2. to MciMa.f or 67-.34 per cent, meionite, or 48-.’)() per cent, silica. E.g. 
mi/.zonite, aiul scapolite (wernite, scapolito, ckobergito, porcelain spar, passauito, paralogite, 
an«l atljpriastite). 

2. M(.^Ma.^to Ma, or ineionito 34-0 per cent,, or silica 50 G4 per cent. E.g. rnariahte, 
and riponite (dii)yre, [)rehnitoid, and coaseranito). 


The fol^wiiig are given by J. D. Dana : 

Me to iMojMai . . . *. 

Me 3 Ma| to Mcj.Ma^ . 

MejIVla^ to McjMa., . 

JMe,Ma 3 to Ma . 


Meionite 

Wernerite 

Mizzonite 

Marialite 


The scapolites all crystallizes in the tetragonal system, they have nearly the same 
o})tic axial ratio, and they exhibit pyramidal liemihedrism. A. Lacroix also 
showed that the birefringence of the members of the seri(‘s decreases in passing 
from meionite^ to marialite. The subject has also been discussed by C. F. Rammels- 
berg, G. vom Rath, E. T. VVollT, A. llimmelbauer, A. N. Winchell, L. M. Hurgstrom, 
N. Sundius, R. Brauns, H. Eckermann, and Y. M. Goldschmidt. 

I'he first member of the series was also the first scapolite to be. definitely 
recogniz<*d. J. B. L. Rome de Tlsle described some crystals he obtained from 
geodes ill t he limestone at Monte Somma, Vesuvius, as hyacliite blanche de la Homma ; 
R. J. Haiiy called the mineral meionito- from /xetcov, less— because the pryamid 
of the crystals was less acute thab is the case with vesuvianite (idocrase), harrnotome, 
or zircon. Tlie last member of the series was also the last to be recognized. It 
was obtained from the volcanic rock calh^d pipcnio, occurring at Pianura near 
Naples, (t. vom Rath called it marialite —after Marie, the daughter of G. Rose. 


It has 1)6011 HuggoHtod that the v'hite scIml-Njmr ohtaincH.1 hy A. Cronstedt from 
Pargas, Finlaiul, was a scapolite, although lie regarded it as a laniellar jiyroxeno. 
M. F. Jt. d’Andrada applied the terms wernerite- alter A (J. Werner- and scapolite- from 
OKiinos, a glossed form of kAcISoj, a braneh -to speeimonH from Norway. K. J. Many 
at tirst ustnl the same terms for wliat he assuinoii to bo distinct minerals, l)ut later lie, 
and J. A. H. Lucas arbitrarily proposed to call scapolite jMiranthtne—fwm irapavdew, to 
decay— -in allusion to the inclination of the mineral to alter, and lose its lustre. 

J. A. Moivteiro objected to the eliange, and showed tiiat chemically and crystallographically, 
wernerite and scapolite were the same species, and lie recommeniletl applying the term 
wernerite to the species. J*. C. Abildgaard called scapolite rhapiJolUe (not rapidolUe}— 
from jiarris, a rod. A. G. Werner referj^ed to a sirly grey variety of wernerite as arctiate ; ^ 
J. J. Herzeliua called wernerite ekebcrgtte — after A. G. Ekeberg ; A. G. Ekeberg called it 
Bodaite ; W. H. Wollaston, tMtrolite ; C. F. Scliuniaeher, fasate — from fuBcns, dusky ; 
and C. C. von Leonhard, gabbronite — from its reseinblancG to gabbro— vide nephclite. 

C. C. von Leonhaixl regaixled arutieiie, parauthine, scapolite, ekebergite, gabbronite, and 
(uscite as synonyms of wernerite ; and believed meionite to be a variety of the same mineral. 
This was later shown to be tlie ease by A, Breithaupt. 

Tlio bluish or greenish scapolite from the vicinity of Lake Baikal, Siberia, was called 
glaucol Ue- "trom yAauxdj, greenish-grey or sea-green — by Fischer von Waldheim, and 
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J. F. John. R. Uortnann, and G. Rose showed that this glaucolite is a scapolite ; but 
W. C BrOgger has shown timt the so-called glaucolito^ from Nortiay and Lake Baikal are 
really siJIlalites (v-v.). \ pink scapolite from BoKon, Musa, is similar to glaucolite. A 

glassy scapolite from Galway. Ontari#, was called on/ano/du by C. U. Shepard. H. J. Brooke 
called a smoky brown variety from Bolton, Mass,,n«//t»///f- after T. Nuttal —A. Bivithaupt 
showed that it is a scapolke. j. D and S. L. Dana found a grey, gr<H*n, and red varieU’ at 
Chelmsford, Mass., and called it cMnuJordtte. J. J). Dana shc^eti that it is a scupfflite. 
J. N. von Fuclis referred to a PonellansptUh from Oljernxell, noar'l^assau, which was later 
called porzellaniie by F. von Kobell, ami by C. F. Naumann. A. des Cloizeaux 

sIiowchI that these three minerals ai-e scapoites. K. Hermann named a mineral from 
Sljudjank% strogonoirUe— after Ciunt Htrogonowit- and it was shown by N. von Kok- 
scharoff to be scapolite. T. S. Hunt describt^d a mineral from Franklin, New Jersey, 
and named it algente — after M. Alger, It was shown by J. 1) Dana, and J. 1). Whitney to 
be a scapolite. 1*. C. Weibyo describeil a mineral from .Vrendal which ho colled cUhnndsUle. 
— from A^cpurrof, neglected - and wliich was shown by J. F. L. llausniaim, G. A K(<nn- 
gott, and C. F. Ramrnelaberg to bo a scapolite. Tl^e u'ihonUe of 1'. S Hunt from Bat burst, 
Caiiaiia, w’as con.si<loie<l by E. J. Chapman to l>e a scapolitti -vide mica, 'riie pnraloytic 
of N. NordenskjOld, obtained near Lake Baikal, was shown by N. von l^kscbarolT to be 
a scapolite. 

The uchorl bUmchAtre de Mmilmn {Cyivmos) diseover<Hl by Gillet-Laumont in 17S(i, 
WHS ealleil leucoUtv -Arom X€vk6^, white - by J- C. DolamiHherie ; dipyre fvDiu Sis, 
twice , and vvp, tire, in allusion to the two ettocts of heat, ri:. fusion and tliennoliimi- 
ne.sconco, wdiile H. Steffens calleil it SchmdzKh in. J. F, L. llausinann showed t hat d/jiy re w ns 
identical w'ith common scapolite. J. F. W. di' Chkrpentier observed two kinds of dipyro ; 
one of these had a dark colour and was mfu.sible at the fusion temjv of onlinarv di|i\re ; 
and he called it coimeramte -- from Couserans or Conserans (Latin Consoraniu), an old name for 
Ari6ge -where it occurs as a hhu-k schist. The w'ork of A. des Cloizeaux, F. A. itiifn'^noy, 
G. A. Keiingolt, and l'\ Zirkel showeil that cuusepto i.s a more or h'ss alt-erod form of dip.S'ro. 
W. Salomon luis recounted the history of dipy ro and <‘oiiserite. C. \V. Hlom.strand deserihod 
a rnimu’al from the \iciiuty of Solhorg, Sw'eden, which he called prehmUnd owing to its 
resernhlance to prehnite, G. A. Keniigott, and A. des Cloizeaux showed that it is a variety 
of scapolite. The nponrtr of G. Tseherinak is a scapolite from Kipoii, Canada. A. Seacchi 
called the crystals ot u variety of scapolite ho found in cavities in the trachyte of Monte 
Somma, V'c.suvius, inizzomle {mizonitc, or mcizonitc) from greater-' because the 

axis of the prism is a little longer than that of meionite N. Nordonskjbld found a w'ater- 
fri'o Hcolo( ite or seafiolito at Krsby, Finland, which was liarder than ordinary scapolite, and 
called by F. S Beuilaiit ; A E. NordenskjiJd called it (rs6j/ttc. M. Ij. Fraiiken- 

hf'im regarded eiNbyite as a variety of lnbradorit<s and V. F. Kammelsherg called it Kalk - 
liiltnulor. A des Cloizeaux, G vom Rath, ami E. T WoHT showed that erslivde is a variety 
of scapolite, N. NordcnskjoM’s pHvmUmapoUte from Simonsliy, Finland, was a mixture 
of scapolite and augite, 

% 

The oldest analysis of scapolite is that of a dipyre by Je N. Vaiiqindin ; 
more recent analyses of di})yre were made by A. Danioiir, V. Goldscliinidt, A, dea 
Cloizeaux, W. Salomon, A. hb Delesse, G. vom Ibnli, F. 1). Adams, A. Lacroix, and 
A. Michel-Levy ; of meionite, by L. Gmelin, F. Stromeyer, 10. W'oltf, A. Damour, 
and G. vom Hath; of wernerite, by M. F. Heddle, F. C. Weibye, V. Hartvall, 

J. F. .lohn, F. li. Simon, F. J. Wiik, iC Scduifhautl, L. Sijaie/, F. Heeke, G. vom Hath, 
F. von Kobell, C. F, Rammelsberg, F. A. (lentlf, and A. Lacroix ; of scajiolite, by 

K. T. Wolif, (j. vom Rath, F. J. Wiik, T. Tschernyt .sell elf, A. Jiaugier, J. d. Rerzelius, 
Ji. M. Berg, N. Nordenskjold, L. StailtmuIliT, U. Hermann, 0. 0. Baklund, H. Wiirtz, 
T. S. Hunt, and A. Himmelhuuer ; of ekebergite, by JO. T. Wolff, A. G. JOkeberg, and 
V. HartAvall ; of glaucolite, by ('. Bergemaun, M. Giwartowsky, and G. vom Rath ; 
of paralogite, by N. Nordenskjold, E. T. Wolff, and C. F. Rammelsberg ; of prelini- 
toid, by (’. W. Bloinstrand ; of porcelain ^par, by J. N. Fuchs, and F. von Kobell ; 
of nuttalitc, by T. Thomsort ; of paranthite, by F. JL'Dunnington ; of algerite, 
by T. S. Hunt, and W, CTossley ; of wilsonite, by T. S. Hunt, and C. F. liammelsberg ; 
of strogauovite, by R. Hermann ; <)f rijionilie, by F. D. Adains ; of coaseranitc, 
by A. des Cloizeaux, l\ A. Dufrenoy, find E. Grand(‘a ; of niizzonite, by G. vom 
Rath ; and of marialite, hy G. vom Rath, am^C. F. liammelsberg. Analyses of 
samples with carbon dioxide were made by E. T. Wolff,* G. vom Rath, R. Hermann, 
E. Neminar, L. Sipbez, F. Becke, F. von Sustschinsky, F. A. Genth, V. Goldschmidt, 
and J, D. Dana ; of samples with chlorine, but without earbtjn dioxide, were made by 
C. F. Rammelsberg, F. D. Aidanis, J. Lemberg, V. Goldschmidt, H. Leak, and 
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J. Eyermann ; of samples with - chlorine and sulphur trioxide were made by 
L. Sipocz, H. Wulf, K. Brauns,, and N. Sundius ; and of samples with chlorine, 
carbon dioxide, and sulphur trioxide were made by L. Sipocz, and L. H. Bol^gstrbra. 
R. Brauns called the scapolite containing the sulphate radjcle silrialite — after Silvia 
Hillebrand. ' . 

t). F. Rammelsber^ showed that the composition of the scapolites is very variable, 
duo, in part, to the partial alteration of the mineral. J. N. von Fuchs, P. Schaf- 
hautl, E. Neminar, L. Sipocz, N. Sundii^s, F. Becke, and F. D. Adams established 
the presence of chlorine as a constituent of most scapolites, and, after sht^wing that 
the proportion of sodium increases as that of chlorine increases, he devised 
the mixture hypothesis indicated above, and assumed that all the scapolites can be 
represented as mixtures containing the primary constituents meionite, Ca4Al6Sie026 ; 
and rnarialite, Na 4 Al;iSij| 024 Cl. L. ,M. Borgstrom emphasized the part played by 
carbonate and sulphate as v/ell as the chloride radicles, and he said that the com])osi< 
tion of the scapolites can be explained as i 8 omor])hous mixtures of marialite or 
chhronmrialite, Na3Al38iy024.NaCl ; sulphafomarMfc, Na3Al3Siy024.Na2S()4 ; and 
varbo 7 ia to marialite, Na 3 Al 3 Siy 024 .Na 2 (D 3 ; along with sulphatomehoiie, 
Ca3Al0^ii(jO24.('aSO4, and carlxmatomemiite, Ca3Al3Si5()24.CaC()3. In each of these 
cases, the nucleus of the marialites, so to speak, corr(\sponds with three inols of 
NaAlSij^Og, and that of the meionites with three mols of (^aAl2Si208. The compound 
Ca 4 Al(jSig 025 , or 30aAl2Si208.0aO, is regarded as ojymeiohite. E. T. Wherry 
found tliat the at. vol hypothesis of isomorphism fits in well with the various 
replacements or substitutions in the acapolite group. C. F. Rammelsberg assumed 
the different scapolites to be addition compounds of a metasilicate, a complex meta- 
orthosilicate, and a complex metasilicate and disilicate. G A. Kenngott calculated 
for meionite Ca7Alio8iii044, P. Groth gave for meionite Ca4(A10)Al2(AlSi208)3, 
calcium oxyi^uminium tri-monaluminodisilicate ; and for marialite, 
Na4(AlCl)Al2(8i308)3, calcium chlorotrialumimum mesotrisilicate. He gave 
graphic forniulu) for both these two compounds, and A. G. Brown also represented 
oxyiiKUonite by a graphic formula. A. Himmelbauer considered meionite to be a 
complex of 2CaAl28i20g-f Ga2Al2Si2()y ; and marialite, a complex of 2NaAlSi308 
-l-Na2AlSi308Cl. H. S. Washington regarded the scapolites as complexes of the 
acid HioAlSi;50t2 ’> aud A. Himmelbauer obtained a metasilicic acid by treating 
meionite with dil. hydrochloric acid, and from marialite, •marialitic acid, H2oSiy023. 
W. and D. Asch applied their cumbrous hexite-pentite hypothesis to the scapolites. 

F. W. Clarke emphasized the parallelism of the felspars and scapolites. He said : 
“ Both groups of minerals arc easily alterable, and both yield kaolinite as a 
final product of the change. Furthermore, both alter to mihscovite, or to pinite, 
which is only an imjiure pseudomorphous mica.” CVystallographicully, kaolinite 
has close relations with the mica family as illustrated by the emi)irical and structural 
forniulai which he employt'd. F. \V. Clarke gave : 


AI:-£^^Si,0,-AiCl*^»>AI-Cl 

Marialite. 


Ca^ 

^Ca— O-Ca’^ 

Meiouite. 


where marialite is like sodalitc, but with quadrivalent SisOg in place of quadrivalent 
Si04 ; and meionite is like anorthite, but with the bivalent Ca.O.Ca-group in place 
ofCV. 

The scapolites occur in the volcanic rocks such as the ejected masses on Monte 
Somma. They principally occur in crystalline schists, gneisses, amphibolites, and 
altered lime8tone.s. They occur ia crystallized limestones as a direct result of 
contact action. They also appear to be formed as alteration products of plagioclase 
felspars. This subject has been discussed-by J. W. Judd,i ®5 A. Cathrein, A. Lacroix, 
H. Lenk, F. D. Adams and A. C, Lawson, F. Zirkel, W. Salomon, W. C. Brdgger 
and H. H. Reusch, F. Becke, and A. E. Tornebohm. • 
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L. Bourgeois ^^8 attompte»l to make meionite by fusing a mixture of its consti- 
tuent oxides, but the product was anorthite ; but be did obWin crystals of what was 
consideifd to be meionite by fusing a mixture of marble and a basaltic glass. 
K. B. Schmidt also prepared a!i artificial rock containing scapolito ; and he 
obtained the same mineral •from fused eclogite. C. Doelter fused epidoto with 
calcium and sodium fluorides and recognized meiftnite in*the products ; he ftlso 
observed meionite in a fused mixture of calcium oxide, silica! and alumina, and in 
a fused mixture of anorthite and sodium chjcride. E. S. Shepherd ami G. A. Rankin 
obtained cj^ystals of meionite by,heating a glass of that composition in contact with 
a soln. of sodium chloride in a bomb. 

The scapolites occur in clear glassy or milk-white crystals ; in crystal grains, 
and massive. Wernerite and mizzonite may be colouml white, yith a grey, blue, 
green, or red tinge. The crystals belong to th<^ tetragonal system and the ditlerent 
members have nearly the same axial ratio. N. von* KokscharolT ^•'‘7 gnv(^ for 
meionite a : c -= 1 : 0‘4.%25 ; G. Tschermak for wernerite, 1 : (V4«384 ; N. von 
Kokscharoff for mizzonitt*, 1 : 0*44235 ; and G. vom Rath for marialite, 1 : ()‘44l7. 
Observations on the cry.stals of the scapolites were made by F, X. M. Zi[)])e, 
A. Brezina, V. Gpld.schmidt, A. von Lasaulx, H. Fischer, etc. The crystals are 
characterized by pyramidal hemihedrism. The ])rismatic faces sometimes k1h)w 
vicinal prominences corresponding with the hemihedrism of the crystals. The 
corrosion figures also agree wdth the hemihedral character of the crystals. The 
cleavage paralhd to (lOtj) is perfect, and that parallel to (IRf) rather 1e.ss so. 
Optical anomalies are rare, but are occasionally shown in the biaxial character of 
the interference figure, and a small angle between the optic axes. 

The sp. gr. of many of the specimens analyzed were also detertnined. 

G. Tschermak calculated from the law of mixtures that the .sp. gr. of the (md- 

members is 2*815 for meionite, and 2*560 for marialite. The highest observed 
value is 2*737 for the meionite of Vesuvius, with its 12 per cent, of marialite. 
A. Himnu'lbauer, and N. Sundius have compiled sp. gr. tables of th(5 8caj)olites from 
diflerent localities. The mixture rule is in the main applicable, but there are dis- 
turbances du(‘ to the influeiu'e of j)ota.s.sium, the presence of .sulphates and carbonates 
in place of chlorides, etc. The hardne.ss i.s between 5 and 6. A. Brim found the 
m.p. of meionite to be 1130’: M. L. Fletcher, 1331'’ for meionite; and 

A. Himmelbaiier, 1W5^-J238'’ for various scapolites, and 1088”- 1233'’ for marialite. 
J. .loly gave ()*2(X)3 for the sp. ht. of wernerite. E. .Jannettaz gave 0*845 for the 
8(p root of the rarto of the thermal conductivity in the direction of the basi*. to that 
in the direction of the chief axis. A. Dannholm found the sj), ht. of sCapolite. The 
indices of refraction are determined by th<< chemical cornjiosition and vary from 

1*594 -1*5545, and € ^1*557-1*5417 respectively for meionite and marialite. 
There is some confusion in the data, for tin* eflects of variation in the proportions 
of meionite and marialite are affected by the ])[#sence of sulphates and carbonates. 
Similar remarks apply to the birefringence. Scapolite is optically negative. 
Observations have been recorded by H. Rosenbusch, A. Lacroix, Ji. M. B(»rg8trom, 
R. Brauns, P. Franco, A. Laitakari, N. Sundius, K. Zimanyi, 0. 0. Baklund, 

H. Preigwerk, etc. A. Himmelbaucr gave for scapolites with different proportions 
of meionite, Me. 

Mo . 4 31 32 , 54 55 72 85rK!rroiit. 

w. . 1*58968 1*58284 • 1*58534 1*56645 1 56062 1*555.36 1*546.30 

€ . . 1 55038 1 66120 1T).5641 1*64642 1*54402 1*54238 1*53949 

. 0*0333 0*03164 0 02893 0 02003 0*0166 0*01248 U00687 

• • . 

According to G. A. Kenngott,'^® powdered«nd moistened meionite reacts strongly 
alkaline to litmus. The chloriferous scapolitas gave the reaction for chlorides 
when treated with silver nitrate. According to G. Tsohermak, the scapolites with 
a high proportion of meionite — Me to Me 2 )ilai — are completely or almost completely 
decompose by hydrochloric acid ; the Me 2 Maj to McjMag scapolites are incom- 
pletely decomposed ; while tl^ MejMa 2 to Ma scapolites are not much affected by 
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the acid. The scapolites are very liable to change and particularly so towards the 
sodium or marialite c'iid of tiiQ scries. The introduction of water and carbon 
dioxide is a common change. By the substitution of potash, the mineral passes 
into pinite and potash-mica^; with magnesia ahd potash, magnesia-mica is pro- 
duced ; with magnesia, steatite is formed ; and with the acquisition of iron, epidote 
is produced. In some ‘cases, a*" greenish chlorite is produced. By the loss of its 
bases, scapolite passAs into kaolinito or china clay used in the manufacture of 
porcelain, etc. Hence, the name forcel^in-spar for the scapolite at Passau— 
supra. C. F. Rammelsberg, C. K. van Hise, C. W^von Giimbel, J. N. von Fuchs, 

G. Forchliammer, L. Knattl, C. G. C. Bischof. V. Goldschmidt^ G. vom Rath, etc., 
studied these transformations ; and J. Lemberg, and H. Schneidcrholm investigated 
the action of 8(dn. of potassium hydroxide, carbonate, and chloride; and of 
soln. of sodium carbonate, chloride, ^and sulphate, at 2l5°-220°. 

A zeolitic mineral from Andreasberg, Harz, scorns to have attracted attention 
in th(5 latter half of the eighteenth century, but it was not gi-ven any specific name. 
I. S. R. I. Eques a Born described it as a spaium calcarium, but, add(‘d T. Berg- 
man, the crystals are not calcareous but siliceous, and he referred to it as fignra 
hijacintijka. J . Demeste refern^l to it as hyacinlhc hlavche ; ,1. B. L. Rome do Tlsle, 
m hyaeuitlu^ hkmhc crueijorme ; J. G., H. Heyer, and F. W. H. vonTrebra, as Krevz- 
krisfnlle : A. G, W(‘riier, I). L. G. Karsten, and L. A. Emmerling, as Kreuzsfein, 
Silex crurifer, and piPrre dv croix ; J. C. Delameth(‘ri(‘, as ajidreasbergohfe, or andreo- 
litc ; R. Kirwan, slauroUte ; G. A. G. Napione, ercinitc : and A. J. M. Broidiant, as 
pierre ermiforme. R. J. Haiiy’s tern^ harmotome has been ado[)ted ; it is from 
dppog, joint; and ripvciv, to cut— alluding to the fact that the pyramid made by 
the prismatic planes in the twinning jmsition divides parallel to the plane that 
passes through the terminal edges. T. Thomas called some well-developed crystals 
from Strontian, Scotland, morvemte ; but A. Damour and A. des Cloizeaux showed 
that morvenite is the same as harmotome. G. Stadtliinder has revived the history 
of harmotome. 

J. (!. H. H(‘yer first analyzed harmotome in 1781), and found it contained 
21 j)er cent, of baryta ; A. H. L. 'Westrumb, in 1794, found 20 per cent, of baryta ; 

H. M, Klaproth, in 1797, found 18 per cent, of baryta ; and R. .). Hauy, quoting 
Q. M. Tassuert’s analysis, gave 1C per cent, of baryta. To distinguish it from 
phillipsite, called lime-harmotoym\ harmotome projs'r was somotiines called baryta- 
harniotome. Numerous analyses i^'^of liarmotome have been made. F. Rammels- 
berg calculated from the analyses, BaALSigO, 4. blRO, making harmotome 
pentahydrated barium dialuirmium mesopentasilicate ; G. F. Rammelsberg 
assumed that the corresponding isomorphous alkali salt, R'2Al2Si50i4.5H20, is 
present. G. Stoklossa doubled G. F. Rammelsberg’s formula. P. Groth assumed 
that harmotome is produced by the» isomorjdious association of two silicates ; and 
G. Tschermak, four silicates. J. B.uekmoser assumed that harmotome is a deriva- 
tive of harmotomic acid, HgSi50|4. F. W. Glarke, and G. Hersch used graphic 
symbolization. The former gave : 

Al-Si3O8-AI<^!78>Al-SiO4--EzAl-f-10H2O 
'"’^8 Ba 

According to A. Damour, harmotome from Strontidii loses 4 3 per cent, of wat(T 
by six months' exposure to dry air ; at lOO"" it loses 1*8 per cent. ; between 100° 
and 150®, 9’9 per cent. ; and between 150° and 190°, 13-5 per cent. After 24 hrs.’ 
exposure to ordinary air. the lost water is r^sorbed. At a dull red-heat, 14 65 per 
cent, of water is lost, and the mineral is disaggregated. C. Hersch found that the 
following percentage losses Attended the heating of the mineral to : 

100 * 160” 203” 252” 295” Red heat 

. 2-74 5-74 9-23 10*67 12*42 1.5*29 per cent 


L 08 « . 
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W. Fresenius made some observations on this subject ; and G. Stoklossa measured 
the resorption of water by harmotomo, dehydrated at different temp. Tin* breaks 
in the ctrve, he said, indicate eleven hydrates ; and that the water is chemically 
united in the mol. • 

Harmotomo occurs ^l)asBlt and similar cruptic rocks ; in phonolyte ; trachyte, 
and gneiss rocks ; and in some metalliferous veins. It has not been recorded in 
barytiferous gangue. It is commonly associated with calciteund quartz. J, Lem- 
berg assumed that it is like chabazite, aiuj he found traces of baryta and strontia 
in ehabazite. He assumed that harmotome is formed by the action of barytiferous 
waters on ehabazite.^ Harmotome, however, ha-s not bi'on prepared artificially. 

Harmotome occurs in various twinned forma coloured white or tinged grey, 
yellow, red, or brown. L. von Bueh i®- first descrilxHl the crystals of harmotome in 
1794. 11. J. Haiiy considered the fundamental f(>rm to be a tetragonal pyramid. 
A. Breithaupt assumed the cry.stals W'ere *triclinie.^ This was discussed by 
('. F. Uanmu'lsborg, G. F, Naumann, and (J. A. Kenngott. The .morphological 
features of the twimu'd crystals were studi(‘d by F. Kcihler, and A. des Floizeaux 
investigated their optical pro])crtic.s, and a.ssumed that the rhombic crystals have 
monoclinic syminetry. A. Gadolin explained the .structure on the assum[)tn)u 
that tile individual members of the twinned system are monoclinic. Tlfis \iew 
was suj)[)orted by A. des t'loizeaux, B. Brauns, K. Mallard, Jl. BaumhamT, eU;. 
A. (h‘s (’loizeau.x gav(‘ for the axial ratios of the monoclmtc crystals a:h:v' 

- -()‘703ir) : 1 : l’231(),and j3 -55' 10'. G. Tschermak gave a :h:c ■ 0'5053 : I •0‘3r)l(), 
and ^ -90^. The crystals occur in cruciform penetration twins imited as aim]>h‘ or 
as double twins ; the double twins may have the a8])ect of a S(juare prism with a 
diagonal pyramid having feather-liki* striations froju the median line. More 
complex twins— f .7. three double twins — are known. As in the case of [)hilli[)site, 
L. Langemanti a.ssumed that the individuals are triclinic because they dt^viate 
oj»tically from monoclinic crystals. F. Hinne showed that the optical characters 
which refer the crystals to the triclinic system are not changed by heal, though 
then' is a mov(Mnent of the axial plane, and an increase in the double ndrai'tion. 
The cleavage (Old) is well marked, but the (tK)l) less so. A. des Gloizeaux gavi' for 
th(' optic axial aiigh's 2//„ 8(r 31' 98" 33'; and 2T-^85" 52' for ri'd light. 
He also measuH’d the change which occurs on raising the temp. The sp. gr. is 
2-45 2-50 ; and the,hardne.ss 4 5. A. (h-s ('loiz(‘aux found l-blO for the index 
of refraction with the red ray ; and for Na-light. A. Michel-Levy and A. Lacroix 
gave a - 1 -503, -500, and y 1 -508. 

G. A. Kenngott found that th<^ moisteiUMl pj^wdi'red mineral reacts alkalim* to 
litmus, ('one, hydrochloric acid attacks the mineral with the sejiaration of pulviTii- 
lent silicic acid ; J. Bruckmoscr obtained j).s(*udomorphs of silica after harmotonu‘, 
and the silicic acid has the composition Hgi!(' 5 ()| 4 , harniotoww acid. G. Friedel 
found that dehydrated harmotome aKsorbi# ammonia so violently that it 
decrepitates. F. Grandjean found the vap. of iodine, bromine, mercury, calomel, 
cinnabar, and sulphur are absorbed by dehydrated harmotome, and h(‘ measured 
the corresponding changes in the optical properties. J. Lemberg found that only 
a little barium is displaced by six months’ digestion with soln. of calcium sulphate 
and sodium chloride at lOO"^. He found that with a soln. of potassium chloride the 
barium is rapidly displaced, and a ])okmium-h<irmotome formed. By digesting the 
latter with a soln. of sodium chloride, a shdiwn-harmoUjtnc is produced. 

A. Meinter analyzed the crystals of a dark grey mineral found near the Taiarka, 
Siberia. The mineral wm called dxdyn^hie, or di^nmolUe. Its composition corresjionilwi 
with 2Ca0.3Al20,.9Si0j. A little ferric oxide nj^ take the place of alumina ; and a little 
magnesia, the place of lime. In view of tHTt absence of any definite information of the mol. 
structure, a number of hypotheses could bo suggesfeil for its constitution, but this would 
bo unprobtable until more evidence is available. The mirweral l)elong8 to the monoelinio 
system, and the axial ratios are a : 6 : C“0'W)06 : 1 : 0’28(i7, an<l 106", The sp, gr. is 
2’7l ; the hardness 4J-5 ; the index of refraction r5(K)8 ; the birefringence is negative, ^ 

y— 0=0*015; and the optic axial angle 2F=81® 20^- The mineral is not decomposed 
by acids other than hydrofluori(*acid. 
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J. Morozewicz found a zeolite in the diabase tuff on one of the Commande 
Islands, and he called it stellerite— after W. Steller. It« analysis correspond 
with CaAl2Si70ig.7H20, and F. W. Clarke represents it by the ’formuh 
A1 : Si30g.Al(Si205)2Ca.7H20. J. Morozewicz considers it to be a salt of th( 
aluniinosilicic acid, H2ALSin02n+4* Stellerite occui's in. rhombic crystals witl 
axial ratios a:b: c=0'§8 : 1 : 0‘'75. G. Tschcrmak gave 0‘49 : 1 : OAO, and j3=:^90° 
The cleavage parallel to (010) is complete ; less complete parallel to (100). The 
optical axial angle 2F=43-5°. The 8p^,gr. is 2T24 at 15°, and the hardness 34-4. 
It loses 2 mols. of water at 125°, and 4 mols. at 200°. The water lost at 125° i£ 
regained on exposure to air. The index of refraction a is=.l'484, and y— l’495c 
Pseudomtrolite (q.v.) is considered by F. W. Clarke to be stellerite. 

A. Lacroix '••'obtained a white, silky, fibrous mineral from cavities in tlie doleritic 
basalt of Gignat, Puy-derJ) 6 nio, and ramed it gonnardits — after F. Gonnard. Its com- 
position approximates (Ca,l'^a 2 )jAI.j,SiRO, 5 . 6 UfjO. It is probably rhombic. The sp. gr. is 
2 246 -2 260 ; and the hardness 41-5. It is optically biaxial, afid positive. E. S. Larsen 
gave 2E = 8 li" f 10'^ ; 2F = 52"' f O'" ; and the indices of refraction a=l '614, 1-515, and 

y-=l-520. 

A. S. Kaklc found slender white fibres of a mineral in the rhyolitic tuff at 

Du.kee, Oregon, and h(‘- named it erionite — from epiov, wool. Its composition 

approximates H2CaK2Na2Al2Sie0i7.8H20. Its sp. gr. is 1*997. It is optically 
biaxial ; and positivt;. The crystals belong to the rhombic system. PI S. Larsen 
gave fo^ the indices of refraction a— 1*438, and y=l‘452. The birefringence is 
high. It readily dissolves in hydrochloric acid. 

A. Cronstedti^® referred to a mineral Rod Magnesia; C. A. G. Napione, to 
rnanganhe rouge ; and R. J. Haily, to nmnganhe oxyde violet silicifere, H. B. de 
Saussure also described the mineral, and L. Cordier showed that it was ^an epidote 
manganisifire. C. A. S. Hofmann called it Pienionlischer Braunstnn. The mineral 
from St. Marcel, Piedmont, was called piemontiie, that is, piedniontit6) by G. A. Kenn 
gott, Analyses of piedmontite were made by E. Geffken, W. Plitel, B. Koto, 

V. Hartwall, A. Sobrero, H. St. C. Deville, C. ¥. Rammelsberg, H. Laspeyres, 

G. Flink, A. W. Tamm, L. J. Igelstroin, and N. Svonsson. The composition corre- 
sponds with that of the/opidotos with some manganese replacing aluminium, 
Ca2(Al()H)(Al,Fe)2(Si04)3 ; presumably, the clinozoisite, 0a2(Al()H)Al2(SiO4);p 
is in solid aoln. with the isomorjdious manganic-epidole, Cav(Al()H)Mn2(Si04)3, 
calcium dimanganic aluminohj^oxytriorthosilicate. The general properties 
of piedmontite resemble those of epidote^ to which reference must be made. Pied- 
moniite do(vs liot occur so abuiYlantly as epidote and zoisitc ; and it is mainly 
confined to crystalline schist. B. Koto found if to be quite common in the man- 
ganiferous schists of Japan. N. Yamaski, and G. 11. Williams found it associated 
with rhyolitti. « 

Piedmontite is reddish-brown oi- black. H. Laspeyres gave for the axial ratios 
of the monoclinic crystals a:h: c--=l*6K)0 : 1 : 1*8326, and j8--64° 39' ; G. Flink 
gave 1*5807 : 1 : 1*8657, and j3~64° 36'. The cleavage and twinning resemble 
those of epidote. A. des Cloizeaux gave for the optic axial angles, 2/4-:^82°-90°, 
and 2//o “*12r“l26°. A. Rreithaupt gave for the sp. gr. 3*404-3*518; and the 
hardness 6^. The pleochroism is jironouncod and characteristic. It has been 
investigated by H. Laspeyres, A. Lacroix, and B. Koto -vide epidote. 
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§ 45. Bei^vlliam 'Aluminium Silicates 


R. Rieke i studied the fusibility of mixtures of beryllia and clay. In an early 
issue of his Tableau niithodiiiue de minham, R. J. Haiiy 2 referred to a mineral, 
brought to Europe from Brazil, wjiich he named euolasc — from €v, easily ; KXdcng, 
fracture — in allusion to its easy <<;leavage. J. C. Delam^therie also made some 
references to the mineral. ^The first analysis was made by L. N. Vauquelin, and 
other analyses were made by J. J. Berzelius, J. W. Mallet, and A. Damour. The 
last-named summarized the analysis by the formula HBeAlSiOs ; 0. F. Rammels- 
berg gave H 2 Si 03 . 2 Be 3 Si 05 . 3 Al 2 Si 05 ; and P. Groth, Be(A 10 H)Si 04 , beryllium 
aluminohydr^o^osilicate, 




*>Bo 


analogous to those employed by him for datolito, homilite, and gadolinite. Euclase, 
said G. Cesaro, corresponds to datolite except that aluminium is present instead of 
boron, and beryllium instead of calcium. Euclase occurs with topaz in the chloritic 
schist of Villa Rica, Brazil ; with topaz* etc., in the auriferous sands of Orenburg, 
Ural ; with pericline, etc., in the mica schist of Gramsgrube, Austrian Alps ; and 
also with i>ericline at Mollthal. The association vrith pericline indicates that the 
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mode of formation of each has been similar, ‘ F. Kolbeck and M. Henglein found 
euclase associated with pegmatite. V. Durrfiel4 argued that the fluorite which 
accompanies the mineral indicates that euclase has been formed by the action of 
fluoriferous vap. A. Daubti^e’s synthesis of the beryllium silicates by the action 
of silicon tetrachloride/)li bejyllia, was questioned by H. St. C. Deville. V. Doelter 
heated a mixture of alumina, silica, and beryllia under a 4ayer of sodium fluoride 
in a magnesite crucible and obtained crystals corresponding in composition with 
an anhydrous euclase ; but the product not euclase. 

Euclase occurs only in crystals with a prismatic habit, and with a colour/anging 
from white, blue, or green. The crystals, according to J. Schabus, are monoclinic 
with the axial ratios a:h: 0=5=032369 : 1 : 0*33324, and 44' 4". C. F. Ramrnels- 
berg gave 0*6303 : 1 : 0*6318, and j3=91° 42'. Observations on.the crystals have 
been made by V. Diirrfield, E. Hussak, R. l^ochlin, A. Levy, P. von Jerernejeff, 
A. T. feupffer, K. Zerrenner, N. von Kokscharoff, W. H. Miller, A. des Cloizeaux, 
P. Guyot, N. Kulibin,*C. S. Weiss, L. J. Spencer, and V. Goldschmidt. 0. F. Rain- 
melsberg said that the euclase is isomorphous with* datolite, homilite, and gado- 
linite. The cleavage parallel to (010) is perfect ; but the cleavages parallel to 
(100) and to (OOO are imperfect. A. dbs Cloizeaux gave for the optic ax^il angles 
2F~49° 37' ; and 2A’=88'" 47' for the red ray,^and 88"^ 7' for the blue ray. Raising 
the temp, to 176° increased 2E by 2° 18'. A. des Cloizeaux* found that a colour- 
less variety of euclase had a sp. gr. 3*089, and a blue variety, 3*69?. A. Breithaupt 
found the sp. gr. of Brazilian euclase ranged from 3*094-3*095. In general, the 
extremes are 3*051-3*111. The hardness ranges from 7-8. A. des Cloizeaux found 
the indices of refraction to be a==:] *6520, j8--- 1*6553, and y--- 1*6710 for Na-light. 
A. Worobiefl measured the indices with light of different wave-lengths. The 
optical character is negative. The coloured crystals are distinctly pleochroic. 
C. Doelter found the colourle.s8 euclase. ac(piires a soft blue tint when exposed to 
radium rays ; and pale green euclase becaim' a shade (lark(‘r. Exposure to ultra- 
violet light bleaches these colour.s. With the exception of hydrofluoric acid, the* 
mineral is not affected by acids. 

P. Hautefeuille and A. Perrey ^ melted togetlier a mixture, of potassium 
hydroxide, beryllium oxide, silicic acid, and an excess of neutral potassium vana- 
date ; washed the product well with water and dil. alkali-lye ; and separated 
the. crystalline cop^tituemts by flotation in soln. of cadmium borotungstato of 
different sp. gr. They thus obtained what has been called beryllMeiwite, 
KBe(Si 03 ) 2 , potassium beryllium dimetai^^cate. They also claimed to have made 
other complex beryllium silicates with KoO :«Be20 : Sj02“2 : T: 8 ; 1:1:4; 

2 : 1 : 10 ; and 1:1:5. They afso obtained icositetrahedral crystals of beryllia- 
leucite by rapidly heating the constituents to a high temp, and cooling slowly. 
They assumed that in these complex salto the be’-y Ilia can replace alumina and also 
ferric oxide, and that it is a sesquioxide ; so /hat iiv some cases beryllium oxide 
functions as a monoxide like magnesia, and in other cases, as a sesquioxide like 
alumina. The evidence is not satisfactory. • 

The history of beryl in its bearing on the evolution of o^r knowledge of the 
element^ beryllium has already been disciissed — 4. 28, 1 — and various analyses of 
the mineral were indicated at the same time. T. Ueraura * found a Japanese beryl 
containing beryllium, calcium, sodium, magnesium, scandium, silicon, aluminium, 
and iron, but no chromium. • • * • 

W. Vernadsky applied the term vorobyevite, worftbieJffUe orworohyewite — after M. Vorobyey 
—to cfBsia-beryl. 0. F. Kunz called riso-red be^l wiorgraatfe— after J. P. Morgan. The 
terms aquamanne, emerald, and emaragd %ppli(Ki to beryl have already been discussed. 
T. Thomson called a greenish-yellow beryl from M)erdeen, davidsomte ; C. U. Shepard, 
a colourless or white beryl from Goshen, Moss., goaheniie ; A. Orattarola, a slightly altered 
rose-red variety from Elba, after 0. Roster ; and A. Atterberg, and J. J. Beitelius, 

an altered variety, peeudosmaragd or paeud^emerald. A. Eppler investigated a yellow 
beryl caUed heliodor containing 0*58 per cent, of ferric oxide ; it became luminous in the 
cathode rays. t 
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C. F. Rammelsberg summarized the analyses by the formula BeAl 8i o 
E, T, Allen and J, Clement found the small proportion of water in beryl is exp%l^^ 
very slowly on calcination, and they assumed that the water is dissolwid in the 
mineral. S. L. Penfield, however, argued that (the, approximately, 2 per cent of 
watgr is chemically combined, apd wrote the formula If2BeQAl4Sii203y. T, Uemura 
wrote the formula 4Be0.Al203.4Si02. W. Vernadsky supposed that in beryl 
there is a nucleus of a mineral mBeALSi40i2 associated with wBeSiOs. F. W. Clarkc' 
considers some of the methods of syn^icsizing beryl, the alteration of beryl into 
mica, and the common changes which occur involving the replacement of beryllium, 
do not agree with the formula Be2(Si30g)2Be(A10)2 ; but rather with the meta- 
silicate formula of beryllium dialuminium hexametasilicate, Be3Al2(Si03)a ; 

I f 

^<siQ’>AlvSi03.Bc.Si0,.Al<g!°'>Be 

Beryl is commonly found in pegmatite veins, and ako in clay slate, and in 
mica schists. J, J. Ebelmen found that if beryl be dissolved in fused boric oxide, 
crystals of beryl separate out on cooling or on volatilization of the boric oxide. 

H. St. f!. Deville treated a heated mixtifre of alumina and beryllia with silicon 
tetrachloride, and obtained, not beryl, but a silicate with the composition 
6Bc0.5Si()2. P. Haiitefciiille obtained beryl by fusing a mixture of alumina, 
beryllia, and suica, using lithium molybdate as a flux and agent mimralisatenr ; 
with potassium vanadate as a flux, beryllia-leucite, K2Be3Si40i2, was formed. 

H. Trail be treated a mixed soln. of aluminium and beryllium sulphates with sodium 
iiiietaHilicate ; and crystallized the precipitate from a soln. of fused boric oxide. 

It is assuim'd above that since the start was made with a metasilicatc, the same 
kind of silicate is obtained at the end. 

Beryl usually occurs in long yuismatic crystals, but rarely in tabular crystals. 

(r. F. Kunz ^ found a large crystal of aquamarine weighing 110 5 kgrms., at Maram- 
baya, Brazil. A beryl from Grafton, Mass., weighed 2000 lbs., and measured 
4 ft. ins. in one direction, and transversely ins. ; and another weighed nearly 
2J tons. A. Lacroix discussed the beryl crystals from Madagascar. Beryl 
occasionally occurs in compact, columnar, or granular masses. The colour may 
be emerald green, pale green, light blue, yellow, rose-red, or white. W. Hermann 
attributed the colour to iron oxide ; and G. 0. Wild and R, K. Liesegang found 
the emerald-green varieties owe their colour to chromium ; but the other varieties 
have no chromium, but possess an iroq content nearly proportional to the colour 
intensity. Rose- beryl is thought to be coloured by ccrium—uzde quartz. The 
ClTStals belong to the hexagonal system ; and, according to N. von Kokscharoff, 
have the axial ratio a : c~l : 0*498855. The crystals were studied by R. Scharizer, 

H. Panebianco, G. Anderson, R. Fcllinger, H. Rubens, H. Ungemach, P. Siedel, 
W. F. P. McLintock and T. G., F. Hall, H. Thiene, A. Lacroix, L. Duparc 
and co-workers, A. S. Rakle, 0 . Dreher, C. S. Middlemiss and L. J. Parshad, 
W. E. Ford, E. Kaiser, 0. Anderson, E. Romanovsky, H. Reis, P. von Jeremejefl. 

E. S. Dana, 0. Lehipann, G. A. Kenngott, F. Hessenberg, G. vom Rath, P.'Groth. 

A. d’Achiardi, 0. Busz, W. Muller, G. Striivcr, A. Schrauf, M. Websky^ P. von 
Jeremejefl, W. E. Hidden, and S. L. Penfield. The cleavage (0001) is imperfect 
and indistinct. The crystals are sometimes striated vertically, rarely trans- 
versely. P. von Jeremejefl has discussed the twinring of the crystals of beryl. 
Beryl is often optically anomalous and may appear to be biaxial. This subject 
has been invostigat-ed by D, Brewster, J. Babinet, W. F. Salm-Horstmar, 

A. Breithaupt, A. Madelung, A. des rCloizeaux, F. Pfafl, E. Mallard, E. Bertrand, 

F. J. Wiik, R. Brauns, B. L4v3rf A. Schrauf, A. N. Karnojitzky, A. Grattarola, 
and J. Hirschwald. L. Duparc and co-workers found that a beryl from Mada- 
gascar had the optic axial angle 2K-2° 34\ and 2F=10'' 12' for Na-light. 

H. Bucking studied the effect of press, on the axial angle ; C. Doelter, and A. Offret, 
the effect of heat ; and F. Pockels, the effect of heaGand press. The COZtOSiOn 
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flgtures wore studied by F. J. Wiik, R. C. Hills, W. Pettersson, H. Trauk, 
A. Arzruni, K. Vrba, W. Koblmann, A. P. Honese, C. And’erson, and S. L. Pen- 
field. Tlte X-radiogram was investigated by F. Rinne. The specific gravity of 
beryl ranges from 2-6-2;9 ; L. DUparc and co-workers obtained numbers ranging 
from 2*7 11 6-2*8808 ; tind A. Piutti, numbers fro^i 2*628-2*886. A. H. (!]^ureh 
gave for aquamarine, 2*702. W, E. Ford studied the rise in the sp. gr. with increasing 
proportions of alkalies. The hardness is 7-8. According to li. Vater, the coelf. of 
elasticity increases with increasing loadf but with an alternation of loading, 
there is a steady decrease. W.* Voigt found in directions 0^", 45'", and OO'ito the 
chief axis, the coelf. of elasticity 2ir>50, 17960, and 23120 kgrms. per sq. mm. re- 
spectively ; and the modulus of torsion, parallel and perpendicular to the chief 
axis, 6666 and 8830 kgrms. per sq. mm. He also found fhe coelf. «f compressibility 
to be j8r=O*O075, or 70 times smaller than with* water ; K. Madelung and R. Fuchs 
gave (p~125 atm.). • 

F. Pfalf found the coelf. of thermal expansion of beryl to be a^0 (.)0(K)0172U 
iu the direction of the c-axis, and a--0 05l316 in thft direction of the u-axis ; or, 
for the coelf. of cubical expaiisiou, 0*05^(15. H. Fizeau gave at 10“ j)anillo1 (o the 
chief axis, a -0*0^106 ; and perp<Midicular to that axis, a - OO 5 I 37 ; or^ for I he 
coelf. of cubical ex})ausioii at 40‘\ OU 5 I 68 . Tlie maximum density lies at 
— 42“ ; II. Panebiauco gave -47 ' for this temp. A. OlftoJ, Jimnd that unit 
vol. at 0° became 1*000743 at 500“. According to H. Benoit, the coetf. of linear 
e.xpanaion at i.s a — — (1304*9- 8*06^)10“® parallel to the chief axis, and a (993*7 
-(-9*31O0)1O~® perpendicular to that axis. H. dc Senarmont found elliptical 
melting figures were obtaineil by the experiment described 1. 11, 5, Fig. 18. Accoid- 
ing to E. Jaunetaz, the ratio of the sq. roots of the thermal conductivities perpendi 
cular and parallel to the chief axis is 1 : 0*92. J. Joly gave 0*2060- 0*2127 for the 
Specific heat of different samples of beryl ; P. E. W. Ooberg gave 0*1 979. A , Brim 
gave 1410“-1430“ for the melting point of beryl from Limoges. A. S. Watts 
found the softening temp, of mixtures of ground microcline and beryl, ami of • 
orthoclaso and beryl. J. Joly found that yellow and green beryls becaim; colour- 
less at 357“. C. Doelter found that a higher temp, was needed for a«iuamarine ; 
green beryls became paler but were not d(‘colorized by heating in oxygfui or in 
reducing gases. E. Newbery and H. Lupton found tiiafa green beryl became bluo 
after it had been hemted by the Bunsen flame. 

The index Ol refraction of beryl has been measured by F. Kohlrausch, A. d(‘S 
Cloizeaux, J. C. Heusser, J. Danker, H. Dufet, B. Jezek, A. Olfret, L. Duparc and 
co-workers, E, Rengade and A. La-croix, and L.^Maddal^rj^. The results vary 
for Na-light from co --1*57 1-1*6033 ; and from e - 1*566-1*5955. W. E. Ford 
found that with increasing proportions of alkalies, tfte index of refraction of most 
minerals is reduced, but, with beryl, the'convoise rule obtains ; emsia, on account 
of its high mol. wt., exerts an overpowering iimuonet*. A. Schrauf im‘asured the 
effect with different spectral lines. L. Duparc and co-workers found that with 
Li-ligkt, € varied from 1*5728-1 *5740, and cd from* 1*5787 -1*5865 ; with Na- 
light, € varied from 1*5756-1*5831, and w from 1*5818-1*5899^ and with Tl-light, 

€ varied from 1*5791-1*5864, and o) from 1*5850-1*5931. A. Olfret found the 
effect of temp, to be as follows : 


{7 

320*4” I" 


Ll-ray. • Na-ray. 

1 670980 1 674043 

1*606060 1 669027 

1 576081k I*6f82l9 

1*569887 , U672936 


yrecn Cd-ray. Blue Cd-ray. 
1*576670 1*580448 

1*571497 1*675348 

1 *680862 1 *684904 

1*676439 1 679306 


H. Dufot represented the change which occurs by raising the temj). to 
Swiss X lO7=189*4^1O*340-(-O*2735^ ; and x lO?- 180*3 - 10*314^ 1 0 * 273502 . 
The double tclractiOQ is not strong; L? Duparc and co- workers obtained e 
=0*0081-0*0084 ; and H. Dufet gave for the effect of temj)., 8((u— c)/S0- 0*0fl91- 
O*Og260. The OptiCftl charueftr is negative, ^ W. E. Ford, and A. Lacroix studied 



the effect of mcreaamg proportions of alialieg on the ontical 

crystals are pleochroic. This subject was discussed by 0. Twhem fk 

found a beryl from ITest Africa showing a distinct asterhm anA th. 

./fe »: iw.ij/.w a. (. le 
to L, Sohnkc, the crystals aror fluorescent, bat J. Sdbincailia conU\ 
thjs. E. Newbcry an,l k. Lapton found that a crystal wSad tn t::^^ 
radmm rays gave a feebk bluish-white tbemolunmmnee which appealed mh 
on the basal planes. S. C. Lind and D. O.^Bardwellfoundnofluorescelceorcbli 

Of colom by exposing aquamarine or emerald to u^rays. A syntbetie emerald 
which had been exposed to radium radiations for 10 days gave a faint green 
tbermoluminescence at 200°. E. Engclhardt observed 'some crystals have a pale 
green Huorescencef in ultra-violet light. C. Docker observed no fluorescence in 
ffldium rays, but on exposure the 'colour darkens a little. He also found that 
beryl is opaque to the X-rays, and aquamarine was (;*arkened a little by 
exposure to X-rays. C. Baskerville and G. F. Kunz found that a rose-coloured 
beryl became cherry-red by the action of X-rays. V. Goldschmidt and R. Brauns 
studied the origin of a circle of light found on aquamarine from Brazil. W. G. Hankel 
found the pyroelectricity of the crystals to be small. J. Ihirie found the 
dielectric constant to be 0*24 ])araHol to the optic axes and 7*58 perpendicular 
to that direction iV. Schmidt gave 5*55 and 6*05 respectively. The para- 
magnetism was investigated by J. Plucker; and W. Voigt and S. Kinoshuto 
investigated the magnetic susceptibility. 

Beryl is insoluble in acids other than hydrofluoric acid. G. A. Kenngott ^ found 
tha'i. the moistened and powdered mineral shows no reaction with litmus, but it 
reacts distinctly alkaline after calcination. According to J. Lemberg, when beryl 
is digested with a 12 per cent. soln. of sodium silicate at 200°, up to about 19 per cent, 
passes into sodium silicate decomposed by hydrochloric acid. The transforma- 
tion of beryl into kaolinite and muscovite has been discussed by H. Muller, A. Grat- 
tarola, A. Damour, and A, Atterberg. 
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§ 46. Magnesium Aluminium, Thallium, and Rare Earth Silicates. 

H. Abichi observed that one part of 'spinel intimately mixed with 12 parts 
of silica, luses to a grey mass which does not adhere to the platinum crucible, and 
is not attacked by tho strongest acids*. It is decom})osed by fusion with potassium 
carbonate. W. Heldt fused a mixture MgO : AI 2 O 3 : 8100= 1 : 3 : 3 ; P. Berthicr, 
mixtureer 3:1:3, and 3:1:6; N. G. Sefstrom, 3:1:3; and L. Bourgeois, 
12 : 2 : 9, and 2:1:6. J. Lemberg replaced part of the calcium in many calcium 
aluminium silicates with magnesium, by digesting them in a soln. of a magnesium 
salt'. H. Mackler, A. E. Hottmger, L. E. Barringer, G. Flach, and R. Rieke studied 
the effect of heating mixtures of china clay and magnesia, with and without quartz 
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FlO. ISl.—Equilibriura Diagram of the Fio. 182.— Melting-point Curves of the 
Ternary System ; MgO-Al,0^-SiOg. Ternary Mixtures : MgO-AlgOj-SJ;Oj. 

addition. The magnesium aluminium silicates are not so numerous as those of 
calcium. The ternary system Mg 0 -Al 203 -Bi 02 for dry melts of the constituent 
oxides has been explored by G. A. Rankin and H. E. Merwin,^ and the results are 
summarized in Figs. 181 and 182. .The lat1;er shows the m.p. of all ternary mixtures 
of these oxides. The binary compounds have been discussed elsewhere. The 
sole ternary compound is represented by cordierjte, 2 Mg 0 . 2 Al 208 . 5 Si 02 , now to be 
considered. A. Meissner, and P. Niggb, desc.ribed the ternary system. 

E. von Schlotheim 8 referred to a blue mineral from Cabo de Gata as Spanish 
lazrdite. A. G. Werner, and D. L. G. Karsten called it iolite — from lov, violet— 
A^ot, stone ; L. Cordier called it dichroitef -~8l)(poia, double coloured — in allusion 
to its dichroism ; J. Gadolin, steinheiliie — after C. A. Steinheil ; Y. Kikuchi, cera- 
site — from KipaQo%, cherry — in allusion to the Japaaese name of cherry-stone 
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for the rock containing the altered mineral ; and C. A. S. Hofmann, peliom^itoin 
TTcAtd?, livid— in allusion to its smoky-blue colour. • J. A. H. Lucas, and R. J. llaiiy 
finally acftpted the term cordiente because names derived from the colour are not 
always applicable, and dichroismiis found in many ether minerals. L. Cordier, 
and C. C. von Leonhatd shewed that peliome and dichroite are identical ; and 
F. Stromeyer ^ that stenheilite and cordierite are the same.* * 

Early analyses were made by C. G. Gmelin, R. BrandeS, and F. Stromeyer. 
Numerous analyses have been since mad^‘, and from them C. F. Raminelsberg 
calculated •the formulae R''2A1^050j8 and R^^AlgSisOo^ ; 0 . C. Farrington, 

(Mg,Fe) 4 Al 8 Sijo 026 .H 20 ; A. Osaun, (Mg,Fe)3(Al,Fe)0Si8O28 ; W. E. Hidden 
and J. H. Pratt, (Mg,Fe)4Al8SiioO30.H2O ; I*. Groth, (Mg,Fc)4(OH)2Al8(Si207)5 ; 
and E. A. Wiilfing and L. 0 })penheimer, Mg3Sl6Si8028* I'he l)«8t rcpreseiit alive 
value ia Mg2Al4Si50i8- The latter formula agrees with the work of G. A. Rankin 
and H. E. Merwin. Cordierite may then be ropresentec! as magnesium dialumyl- 
aluminium orthopentasilicate, Mg2Al2(Al0)2!8i50i6. The analyse# of cordierite 
have up to 2-5 per cent, of water. Most observers Consider that the water is due 
to the partial alteration of cordierite by weathering. M. Weibull found that the 
cordierite he investigated contained the hydrated silicates, muscovite, ^|ilc, and 
kaolinite, which could be detected microscopically ; and he considers that the 
mineral itself is anhydrous. 0 . C. Farrington, and F. ZamboiAni observed the loss 
of water at different temp. The latter found with two different siimples ; 
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F. Zamboniiii, and F. W. Clarke think that the water is an iiitriiiflic part of the 
mineral, F. W. Clarke writes the formula : 


AlMg^i 207 
Al.Mg .Si 207 


XAIOHloSi.Oy 


^.SUOyjfAlMg 
'81267 AlFo 


Since the proportion of water varies from sample to sample, and anhydrous 
cordierite can be obtawuHl synthetically, it is assumed that cordierite itself is not 
a hydrated silicate,# 

Cordierite is found in a great variety of rocks— both eruptive and metamorphic 
— c.g. gneiss, gr^riit(‘, basalt, porphyry,, trachyte, dacite, andesite, etc. It is 
thought to have been formed by crystallization fjom the fpsed rnagnla after biotite 
but before the felspars. This subject has been discuBsed by H. Bucking,^ 
E. Hussak, J. Szabo, A. Harker, E. 0 . Hovey, G. A. F. Molengraaff, A. Lacroix, 
A. E. Bergeat, K. Jimbo, etc. It Ims been found as a product of contact 
metamorphisift. H. Bucking, and F. Zirkel, (fr insUince, found it in sandstone 
vitrified in contact with basalt ; A. Scott, in shale metamorphosed by contact 
with ^ssexite ; and Y. Kikuchi, in slate in contact wilh granite. R. Brauns, 
and A. Lacroix have also made observations on the formation of cordierite by 
pyroraetamorphic actions. C. Docltcr, E. Hussak, and L. Bourgeois made 
cordierite by fusing a mixture of silica, magnesia, and alumina in proper propor- 
tions. J, Morozewicz obtained it in his experiments on artificial magmas super- 
saturated with alumina. When magnesia and iron were present in magmas of 
the composition RO.WR2O3.7US1O2, and n was greater than 6, cordierite was formed. 
6. A. Rankin and H, E. Merwin havg shown the region of stability of this compound 
in the ternary system, MgC-ALOs-SiO^, Crystals are best obtained from melts 
in which it (or sillimanite) is the primary phfifte. This compound was found to 
be unstable at its m.p., and is considerably affected by solid soln. with the boundary 
compounds, Fig. 177 .* There are two forvis. An unstable J 3 -C 0 ldierite crystallizes 
from glasses at temp, below about 950 ® ; and at somewhat higher temp., it passes 
into stable o-oordiorite. Thef properties of both forms— but particularly those of 
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the a-form— -are clos^ to those of the mineral cordierite. G. A. Rankin and 
H. E. Merwin added : • 

Aggregates with the ternary compound as the chief constituent were prepared by 
heating for periods of 15 mins' to 5 hrs. at900°-1400^! While t^e glass was heating, the /*- 
or uiutable form of the ternary cpjpipoimd began crystallif ing at 900° or less as fine fibres 
which radiated from points on the surface of the grains. At temp, of 925°--1150° this form 
inverted to the a-form. The inversion in different portions of the same charge, and in 
different aggregates from glasses of the same composition, had an extreme temp, range 
of about 200°. This range is mostly occourfted for in a lag in the starting of the inversion. 
When once started in a grain the inversion proceeded so rapidly that only in a few instances 
was a grain found, after quenching, to contain both forms. 

Cordierite occurs in short prismatic, six- or twelve-sided crystals, often with 
rounded edges ; 'it also occurs massive, and in embedded grains. The colour is 
various shades of blue, , grey, yellow. The transparent blue pebbles of Cejlon are 
cut as gem-stones so as to display t-he colour to the best advantage. As a gem- 
stone, pale blUe cordierite is known as saphir d'eau, and the darker varieties as 
lynx-sapphire. Blue corundum is harder and posseses a higher sp. gr. than cor- 
dicritc. L. Cordicr,® and R. J. Haiiy assumed that the crystals are hexagonal ; 

F. Moha showed that they belong to the rhombic system, and W. H. Miller gave 
for the axial ratios a:b: c---()*r)87()9 : 1 : ()'558.35. Observations were made by 
V. Goldschmidt, j\.4es Cloizeaux, G. vom Rath, F. Tamnau, A. Breithaupt, A. L4vy, 
J. F. Hausraann, etc. F. Rinne studied the X-radiograms of cordierite. 

G. A. Rankin and H. E. Merwin found that the artificial crystals are advantageously 
studied when they occur in melts of higher refractive index, say in melts with less 
than 65 per cent, silica. The crystals were usually stout six-sided prisms with 
basal termination, and negative elongation. The prism angle was 120®, and basal 
sections gave a nearly or quite uniaxial negative interfcTonce figure. In one case 
there was evidence of rhombic symmetry. These crystals had the 120® ])rism, 
and the side and basal pinacoids corresponding to the faces on the other crystals ; 
they also had the front pinacoid and a second prism which bevels the edge 
between the side pinacoid and axial prism. Penetration twinning of cordierite 
is parallel to (110) and oft repeated, furnishing pseudohexagonal forms; the 
twinning parallel to (130) also furnishes pseudohexagonal forms. The faces (100) 
and (010) are sometimes vertically striated. The crystals often show a lamellar 
structure parallel to (001) especially when partially weathered. The cleavage 
parallel to (010) is distinct, and that parallel to (001) is indistinct. A. des Cloizeaux 
gave for the optic axial angle 2F-39® 32'-84® 28; 2A’=63® 45-125® 16'; 
and 2^—82® 2l'. L. Drparc ana co-workers gave 2F— 69® 38-71® 12' ; A. Offret 
gave2jK=115® 38'; A. Osann, 2A’— 85° 50'; and L. Oppenheimer, 2 A' = 70® 30'- 
161® 34', and2F from 40® 46'^7® 12' for Na-light. The axial angle was found 
to increase from 43® 36 '-85® 34' as^the iron-content and sp. gr. decreased. A. des 
Cloizeaux found that raising the temp, increased the axial angle 2E from 63® 56' 
at 8‘8® to 71® 40' at 150 8° with the red ray. W. Klein found that 2E passed from 
68® 9' at 16° to 77® 43' ai 208 ®. F. Rinne studied the X-radiograms of cordierite. 

The sp.gr. is betv’een 2*581 and 2*660; when iron is present, the sp. gr. is higher ; 
thus, E. A. Wtilfing and L. Oppenheimer obtained 2*625-2*628 with i*amples 
containing about 12 per cent, of iron oxide. The hardness is 7-7J. A. Brun 
gave for the m.p. 1310®. In Figs. 181 and 182, the mixture corresponding with 
Mg 2 Al 4 Si 50 ig is outside the regiomrepresenting mixtures containing this compound. 
The compound dissociates when melted, and therefore has no definite m.p. 
C. Doelter and E. Hussak found that cordierite crystals were not changed when 
dipped in molten augite. G. A. Rankin and H. E. Merwin found a ferruginous 
cordierite after heating half an hour at 1440®, consisted of glass and sillimanite. 

The indices ofrefraction have been measured by A. des Cloizeaux, K. Zimanyi, 
A. Offret, A. Osann, A. Michel-L^vy and A. Lacroix, etc., and the values range 
a=l-5320-l*5918 ; I *5360-1 *5970; and y=l *5390-1 *5992, ^th Na- 

light. L. Duparc and co-workers found a=l *5359,^=1 *6414, and y=l *6440 for 
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Li-Ught; a=l*5392, i3-l*5443, and y=l‘5475 for Na-light; and a=l-5423, 
/3= 1*547^ and y =1*5506 for Tl-light. L. Oppenheimer gave for Na-light a= 1*5330- 
1*5520 ; p= 1*5381-1*5599 ; and y=l *5406-1 *5610. A. Offret measured the effect 
of temp, and nature of light on thi refractive index, afld found : 
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G. A. Rankin and H. E. Merwin found that the refractive indiceg of the artificial 

cry8tal%a= 1*519, jS and y=l*522; and a=V524, j3 and y~- 1*528. The bire- 
fringence of cordierite is feeble, y~a=0*tK)47, y ~j8- 0*(X) 13, and 0*0058. The 

range for y— a is 0*0rt -0*0047. The birefringence found by G. M Rankin and 

H. E. Merwin for the artificial crystals y —a 0*(K)3-0*004. The optical character 
is negative. A. Beer investigated the absorption .spectrum of cordierite with red 
light. The effect gaf polarized light wasMescribed l)y D. Brewster, W. Hij^dinger, 
A. Berlin, T. Idebisch, etc. A. Agafanoff imvnsunsi the absorption spectrum of 
cordierite in ultra-violet light. The pleochroism of many coloured crystals of eor- 
dierite is strong. Observations were made by W. Haidinger, A. (fsann, H. Kosen- 
busch, and A. Offret. Crystals from (V^lon gave a, light yellow ; )3, deepViolet ; 
y, pale violet ; from Bodenmais : a, yellowish-white ; )3, milk-white ; y, greenish- 
white ; from Simiutak : a, smoke-brown ; j8, leather-brown ; y, honey-yellow i 
and from Orijarfoi : a, clove-browji , /3, dark Berlin blue ; and y, light Berlin blue. 
There are often pleochroic 3pot.s in cordierite in the zones of contact metamorphism. 
Tliese are bright yellow with light vibrating parallel to the c-axis, and colourless 
with light vibrating parallel to either of the other two axes. The pleochroic halo(‘a 
disappear when heated, and they arc absent in cordierite from igneous rocks. • 
They are thought to be produced by an organic pigment about tlie inclusions, 
but J. Joly has shown that in many cases, if not all, they arc caused by the radio- 
active properties of a particle in the centre of the halo. 0. Miigge produced colours 
of like tint by exposing cordierite to the rays from specks of radium—vide mica. 
0. Anscheles confirmed the radioactive origin of these haloes by exposing the mineral 
to radium rays. M. Weber discussed the development of a pleochroic halo in 
zircon by contact* with a cordierite crystal, G. Hovermann, and M. Weber made 
observations on the subject. E. Jleymond studitd the ajtmns of chlorine and of 
hydrogen chloride on cordierite. 

Cordierite is readily altered by exposure, so that 4,he mineral is most commonly 
found in an altered state or 8urround<?d by a crust of altered cordierite. The 
alteration of ebrdierite has been discussed by (’laike,'^ A. Wichmann, W. Haid- 
inger, C. R. van Hlsc, etc. The change may involve simple hydration as in the 
formujion of fahlunite ; some of the lime may be Amoved by carbon dioxide ; 
and iron oxide or alkalies may be introduced. Mica in soipe of its forms is a 
common product of the change and a number of pseudomorphs after cordierite 
have received special names. 

T. Soheerer reported a mineral from KaigarOe, Norway, which he named asjmioliie 
— after iarrd^ofiai, welcome — afid it has been discovered by\V Haidinger, J. R. Blmm, 

F. P. M6ller, F. Zirkel, A. Wichmann, A. Lacroix, etc. The sp.gr. is 2*764. P. A. von 
Bonsdorff described a “hydrated iol^ ” from Abo, Finland. It was called auraliie ; 
and T. Thomson called it bonttdorffUe. W. Haidinger, J. R. Blum, A. des Cloiaeaux, 
H. J. Holraberg, A. Lacroix, and F. J. Wi/k ha>Pe made observations on the mineral. For 
caUtipilite, vide mica. . C. T. Jackson described a mineral which he named chiorophylliter— 
from green ; ^vXXov, leaf — and obt^kined from Unity,* Maine, lls sp. gr. was 2*77. 

It was di^ussed by C. tJ. Shepard, W. Haidiuer, P. Barbier, C. F. Rammelsberg, F. Gon- 
nard, C. Baret, M. F, Heildle, A. Wichmann, F. Zirkei, and G. A. Kenngott. A. Erdmann 
obtained a mineral which he named mnarkUet from Br&kke, Norway. F. Pisani regarded 
it as a soapolite; and W. H!kidinger, F. P, Moller, A. Lacroix, J. J. Beraelius, and 
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J. R. Blurn, as an altered cordierite. tV. Hisinger obtained a mineral which lie named 
fahiunite from Fahlun, Sweden ; J. F. L. Hausmann called it triclaaite in allusion to the 
three cleavages whicli are in part* duo to the original cordierite. It was de^'^ribed by 
R. J. Haiiy, J. K. Blum, F. J. Wiik, A. Wichmarm, and W. Haidinger. The minerals 
gignalolite and gongijlite are discussed in connection* with mica, L. F. Svanberg found 
a mineral which he called groppite at Uropptorf, Swedei^ l{ was discussed by A. dee 
Cloiziaux, G. Tschorraaki and Hf Fischer. T. Thomson described a mineral occurring 
near Lake Huron, and be called it huronite. J. D. Dtina described it as an altered fahlu* 
nite ; B. J. Harrington, as a decomposed felspar. L. F. Svanberg’s minerals, ibente and 
oositet were described in connection with rnii-a. C. P. Carlsson described a mineral peplolUe 
from Ranisberg, Sweden, as an altered cordierite. ']Jhe mineral jnnite is (jpscribed in 
connectfon with mica. P. C. Weibyo described prismatic crystals of polychroilite — from 
iroXvs, many; colour— obtained from the gneiss at KragerOe, Noruay. It was 

described by J. Dana, and A. des Cloizeaux. A. Krdmaim found a mineral in the granite 
at Briikke, Norway, and ho balled it prmiolUe — from npdoios, leek-green. It was also 
described by W. Haidinger, P. C. Mt^ller, F. Zirkel, h'. Gonnard, A, Wiclimaqn, and 
J. R. Blum, N. Norden^kj<»ld found a mineral in the granite at Helsingfois, Finland ; 
ho named ’\i pyrargilhte — from vvp, lire ; apyiXXoSy clay. It was i*e&cribed by L. F, Svan- 
borg, J. R. BluiA, A, Wichmann, F. J. VViik, and A. Lacioix. P. A. von Bonsdorff obtained 
from Raumo, Finland, a mineral which ho called raumitcy and wliich A. F. Nordenskjold 
showed to bo like prasiolite, H. G. T. Wachtmeister found a mineral at h'alilim, Sweden, 
wliich he named C. S. Weis-s. lt»was discussed by W. Haidinger, S. Tennant, 

and J. D* Dana. A. Biiisoni* described a rhombic mineral from Volpedo, Piedmont, 
which he called zvhtdiiHHiU, its composifcion is 5.Mg(),AI^0j,.GSi02.4Hj0, A. N. W'incbell 
described a mineral fAim Bingham, Utah, which ho culled racewimte. It is hydrated 
calcium ferric aluifuniiAu silicate of sp. gr. 1 94 1’98. 

J. Lorenzeu o described a mineral from Fiskernas, Greenland, which he called 
kornerupine— after M. Kornerup— and A. Sauer independently described a mineral 
from Waldheim, Saxony, wliich he called prismatine. The two descriptions 
are so much alike ^hat N. V. Ussiiig said that it can hardly be doubted that they 
refer to the same mim'ral species. The analyses correspond approximately 
with the formula MgAl^SiO^, or magnesium aluminium aluminatorthosilicate, 
Al " SiOi—MgAlOo ; although J. Uhlig’s analysis corresponds better with 
•NaH3MgeAli28i704o, which F. W. Clarke regards as a heptaorthosilicate ; and 
for the simpler analysis, ho gave (AliESi04)2— Al— Si04^(MgA10._.)3. It is 
assumed that augites (q.v.) arc mixtures of silicates in isomorphous association 
with silicates of this type. A. Lacroix and A. do Gramont reprcsenti'd kornerupine 
as a boriferous mineral, Mg9{(Al,Fe,B)0} 12(8104)7. C. Doelter, and J. Moro- 
zowicz prepared pryoxenes {q.v.) containing 73 per cent, of MglVLSiOe, but it was 
not found possible to isolate cither MgAl2SiO(jor CaAl2Si06, since both decompose 
in molten tiuxes. C. Doelter and E. DiWlcr reported rhombic crystals of magne- 
sium aluminium alumiputo-ortlidkilicate, MgAl28i06, were produced by sintering 
a mixture of the constituent oxides. E. Fixek fused a mixture of magnesium 
motasilicate, diopside, aluminli, and ferric oxide, and obtained mixed crystals 
containing 30 per cent, of the silica^b in question. Vide Z. Weyberg^s KAr'2Si05. 
Kornerupine occurs in coloui’less, white, or yellowish-brown fibrous* or columnar 
aggregates resembling sillimanite, and it shows prismatic zones (110), (100), and 
(010). The crystals belong to the rhombic system with the axial ratios wtb : c 
~0’862 : 1 to 0*864 : 1 according to N. V. Ussing. The cleavage is 
prismatic and well-defined. The optic axial angles are 2F--37^ 34' 

37° 7' for Na-light. According to N. V. Ussing, the sp. gr. is 3*273-3‘341 ; and 
the hardness 6*5. The indices of refraction are a~l'6691, j8=l’6805, and y=l'6818 
for Na-light. The coloured crystals are pleochroic. According to A. Sauer, priii- 
matine alters into a fine fibrous mineral of a light green colour which he called 
cryptotite~ATom Kpmro^, hidden ; rMat, fibre.t According to P. Groth, the com- 
position approximates HAlSi04 — vide ^praT 

C. d'Onsson noted the occurrence of a granular honey-yellow mineral in the 
fimestone of Pargas, Finland* and he called it ohondrodit6-~frpm a grain. 

H. Seybert noted a similar mineral at Sj^rta, New Jersey, and he called it ma- 
clwreite— after W. Maclure. The analyses of maclureite by H. Seybert, and W. Larig- 
Btall showed that it is a magnesium fiuosilicate. Hie presence of fluorine was 
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overlooked by C. d’Ohsson. P. Cleaveland s suggestion to call the mineral bntcitc— 
after A. Bruce—was not adopted, since F. S. Beu^ant employed the term for native 
hydrated magnesia. J. L. de Bournon named some dark reddish-brown crystals 
from Monte Soinma, humite— afl^r A. Hume. T. Moi\,ticelli and N. Covolli regarded 
humite, maclureite, aad bni^ite as synonyms of chondrodite. R. J. Haiiy showed 
that chondrodite is mouoclmic, and W. Phillips,* that bumite is rhombic.* The 
results of the studies of A. LtWy, J. C. G. de Marignac,* (\ F. Ramin elsberg, 
J. F. L. Hansmann, A. Scacchi, W. H. Mijler, J. D. and E. S. Dana, A. E. Norden- 
skjold, N^von KokscharofT, F. yessenberg, G. vom Rath, M. Websky, K. S. Breiden- 
baugh, G. W. Hawes, C. Klein, and A. des Cloizeau.x were thus summafized by 
P. Groth. There are threc*types of crystals of magnesium tliiosilicate occurring in 
nature. The first type furnishes rhombic crystals which may, be called .Aujnt/c; 
the s(yond type furnishes monoclinic crystal^ which may be called chotulrndik ; 
and the third type also gives monoclinic crystals for vJiich he proposed the name 
clinohumite. H. Sjd^ren found yet a fourth type furnishing moi^clinic crystals 
which he called prolectite -from irpoXiyeiv, to foretoll— in allusion to the prediction 
of S. L. Ponfield and \V. T. H. Howe that a member of this family corresponding 
with this mineral remained to be disco\^'red. 

The axial ratios of members of the series were nu'asured by G. vom Rath 
A. Scacchi. E. S. Dana, H. Sjogren, etc. With the scale of reference oinjdoycd 
by A. Scacchi, and E. S. Dana, the results can be summarized ! • 


Proloctitc, .Mg(MgK)^Si 04 
Chondrodite, MgT(MgF)j(‘'^i 04 )^ 
Humito, Mg 5 (MgF)jiSi 04 )j . 
Clinohumite, Mg 7 (MgF;a(SiOi )4 


a :h : c 

Monoclinic 1 080.3 : 1 : 2 3877 (or 0 7959 x 3) 

Monoclinic 1 0803 : 1 : 3 1447 (or0 0290^6) 

Khornhio 1 0802 : 1 : 4 -4033 (nr 0 6290 X 7) 

Monoclinic 1 0803 : 1 : 5 6688 (or 0'6288 x 9) 


This IS a good example of P. Groth’s morpholropinc/w liiehc, whi're the addition 
of a Mg2SiD4-mol. aild.s a eertain length to the vertical axis, without afiectinj; 
the other axi's or tlie axial angle so that the vertical axis of prolectite is 

nearly ,jths, that, of chrondrodite |ths, and that of humite •Jths of that of clino- 
humile. Tlie relations of these iniuorals was also discussed by T. V. Barker. 

No analysis of prolectite is available ; analyses of ebrondrodito were made by 
(h F. Kammelsber^f, G. vom Rath, F. i\ von Wingard, H. Sjogren, F. Berwerth, 
W. Fischer, G. W. flaw'e.s, E. S. Breidenbaugh, N. von Kokscharoff, M. Siewert, 
and S. L. PenfieW and W. T. H. Howe ; analyses of humite by C. F. Rammelsberg, 
G. vom Rath, W. LaugstalT, II. Seybert,*\V. Fii^lier, T. Thomson, -F. C. von Win- 
gard, 11 . Sjogren, and S. Ij. Penfield and W. T. H. How*c* and analyses of clino- 
humite by C. F. Rammelsberg, F. ('. von Wingard, G. vom Rath, A.K. Cooniara- 
swarny, and S. L. Penfield and W. T. H. Howe. 

The analytical dilliculties in the accurate detern^nation of silica, fluorine, and 
small quantitii's of combined water prevented for a long time the establishment of 
the^^eiiiical relations of these minerals. A. Scacclii siyijiosed that chondrodite, 
humile, and clinohumite represented three types of crystallization of one and the 
same chemical .substance; C. F. Rammelsberg, and G. vorn Rath 8 Ugg(*Hted the 
formula Mg5Si209 for the whole group provided part of the oxygim be replaced by 
fluorine. They noted that the percontam*s of silica varied in the different types. 
E. Mallard made a guess at 4 lic composition by assurfiing it to be a mixture of olivine, 
pericliue, and sellaite. P. Groth suggested that part of the fluorine is replaced 
by hydroxyl ; and F. C. von Winjard concyided that the three minerals have the 
same chemical composition, viz, MgjaF^lOlDgSisOsg. H. Sjogren recalculated the 
older analyses, and after a consideration of tiie neglected water, concluded that 
each of these minerals should be represented by a separate formija, and he empha- 
sized the isomorphifus replacement of Juorine by hydroxyl. 8 . L. Penfield and 
W. T. H.‘ Howe employed specially selected materials purified by hand picking 
and the flotation of the powd^jrs. They showed that these minerals form a chemical 
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series progressing from prolectite to clinohiimite by an increase of one mol o^ 
Mg2Si04. Thus : 

Hagneaium. ^ 

Prolectite . . tetrafiuohydroxyortho8ilicate,Mg{Mg(F,0H),},Si04 

Choni’odite . tetrafiuohydroxydiorthosilicate, Mg3{Mg(F,0H),|a(8i04)a 

Humite . . tetrafluohydrox5rtriortho8ilicate, ’Ig,jMg(F, 0 H)j},(Si 04 ), 

Cllinohuraite . tetrafluohydroxytetraorthosilicate, Mga{Mg(F, OH),}, (8164)4 


Tile first member of this series was not known when 8. L. Penfield and 
W. T. H. Howe published their work, ^nut they said that it is “a possible and a 
most likely compound to occur,” and it was discovered soon afterwards at Nord- 
mark, Sweden, by H. Sjogren. See leucophcenicite,.and gageite. According to 
F. W. Clarke, the chondrodito group gives indications of the possible polymeriza- 
tion of fosterite, Mg2Si04. In the first member of the family, one bivalent mag- 
nesium atom is replaced by two‘* univalent MgF-groups furnishing prolectite, 
Mg(MgF)2Si04; a similar replacement in (Mg2Si04)2 ‘iurnishes chondrodite, 
Mg3(MgF)2(Si04)2 ; likewise (Mg.2Si04)3 furnishes humite, Mg5(MgF)2(Si04)3 ; and 
(Mg2Si04)4 furnishes Mg7(MgF)2(Si04)4. Structurally 


0 


MgCjio 

(MgF),^‘®‘ 

Prolwtlto. 

Chondrodite. 

Humite. 


“S<SiO>“8 
(MgF), ‘ 

Clinoliumite. 


where part of the fluorine may be replaced by HO-groups. Fosterite or chrysolite 
is closely related *10 the members of this group ; and, as shown by G. vom Rath, 
a few of its forms are like those of humite — 0 : 6 : Jc for clinohumito 
is 1‘0803 : 1 : 0 (1288, and 6 : 2a : c~l 0735 : 1 : 0*0296 for chrysolite. Since the 
latter contains no fluorine or hydroxyl, it naturally deviates considerably in 
chemical type from the members of the humite group, and its crystal habit is also 
different. 

The following remarks refer mainly to humite, chondrodite, and clinohiimite. 
The colour of all three minerals is mucli the same - white, yellow, or chestnut- 
brown ; chondrodite and clinohumitc also appear hyacinth-red. The crystals of 
chondrodite vary in habit ; they arc often flattened parallel to (OlO). Chondrodite 
also occurs massive both compact and in embedded grains. The» euhedral crystals 
of humite are fare. The anhedral crystals of all three minerals may be irregularly 
shaped, rounded, or ellipsoidal. Humite crysta/iizes in the rhombic system ; the 
other members of the humite group are monoclinic. The axial ratios are indicated 
above. The crystals of chondrodite were investigated by A. Scacchi, G. vom Rath, 
A. des (floizeaux, F. Hessenberg, H.f^^jdgren, A. E. Nordenskjbld, C. F. Rammelsberg, 
N. von Kokscharoff, J. D, Dana, afld E. 8. Dana ; those of humite, by A. Scacchi, 
G. vom Rath, A. des Cloizeaiix, F. Hessenberg, H. Sjogren, and E. 8. Dana and 
those of clinohumite, by A. Scacchi, E. Scacchi, G. vom Rath, F. Hess^berg, 
W. H. Miller, A. des Cloizeaux, and E. S. Dana. B. Jazek, and A. Ondrej gavq^ for the 
axial ratios of chondrodite, a : 6 : c=l *08506 : 1 : 3*13937, and j8~-90“ O'. Humite 
crystals usually show penetration twinnings, or lamellar polysynthetic twinnings. 
Trilling sometimes occurs,^ The twinning plane with humite crystals is (017) with 
the two c-axes at 60'* 26' ; also (037) with the c-axes at 59° SiJ'. Chondrodite and 
clinohumite show crossed and polysynthetic twinning with the lamellsB parallel to 
(001). The cleavage parallel to (OOl) is distinct in humite, and rather less so 
with chondrodite and clinohumite, ^ The axial angle is large. H. Sjogren gave for 
red, yellow, and green rays respectively 2F=68° 1', 67° 54', and 67° 44' for humite ; 
27=«79°40', 79° 40', and 79° 38' for chondrodite; and 2F=i76°29', 76° 27'. and 
76° 24' for clinohumite. A. des Cloizeaux obtained 2H«=78° 18' for humite with 
the red ray. H. Sjogren also found for 2Ha with the red rav 85° a' 
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and 85® il'^® 8' for the blue ray with a yellow chondrodite ; and with a 
brown chondrodite 89® 8'-89® 20' for the red ray, and 88® 28'-S9® 14' for the 
blue raya A. des Cloizeaux found for the reii, y^low, and blue rays respectively 
2H=82® 6'-83® 19', 82® 9'-83® 27; and 82® 3r-84® 7' : and 2A-148® 38' 154® 2^, 
149® 24'-155® 24', and • 154® 10'-163® 52'. Observations were also made by 
A. Michel-Levy and A. Lacroix, C. Klein, and E. Sf. Dana.* The sp. gr. of hvftnite 
is 3* 1-3*2 ; and similar results apply to chondrodite and clinohuniite. The observa- 
tions of W. Barlow and W. J. Pope, and T. V. Barker on the valency vol. of the 
series has been discussed 1. 5, 18. E. Oeberg gave 0*2142 for the sp. ht. of 

chondrodite. The indices of refraction are moderate. A. Michel-Levy and A. Lacroix 
gave /3=1*643 for humite, and a=l*607, -1*619, and y— 1*639 for chondrodite, 

while H. Sjogren gave 6=1 *659 for the same mineral. L. Brugnatelli gave I *538 

for chondrodite, and 1*670 for clinohumite. The birefringence is strong ; A. Michel- 
Levy and A. Lacroix gave y— a=-0 032~0*028 for humite^and 0*032 for chondrodite. 
The optical character 8f all three minerals is positive. Pleochroism js well marked 
particularly in the brown varieties. The minerals ,are all decomjiosed by acids 
with the separation of gelatinous silica. The transformation of the humites in 
nature has been djscussed by K S. Danaf, and H. Sjogren. 

According to F. Stromeyer,!^ K. L. Giesecke found a sapphire-bhn? mineral 
at Fiskerntis, Greenland, which was named sa^Lirute) a term wrongly aj)})lied by 
0. A. S. Hofmann to haiiyiic. Analyses were made by F. Stm1n<fy*(‘r, A. Damour, 
E. Schluttig, J. Lorenzen, and N. V. Ussing. Formiihe were given by J. F. h. Haus- 
mann, N. von Kokscharoff, and G. A. Kenngott. The best representativi* formula 
is Mg5Ali2Si2027- F. W. Clarke represents it by the formula (A102)2AlSi04 
^(MgAl02)3" magnesium aluminium pentaluminato-orthosiUoate ; and 
A. Lacroix and A. de Gramont, 9MgO.10(Al,Fe,B)2O3.4SiO2. 

Sapphirine usually occurs in disseminated grains or granular aggregates, and 
in indistinct tabular crystals. The colour is pale blue or green. G. Forchhammcr 
attributed the colour to the juesence of ferrous phosphate. The monocliuic, 
crystals, according to N. V. Casing, have the axial ratios a\b:c -0*65 : 1 : 0*93 
and j3”"79" 30'. 'riie cleavage is not distinct. The optical axial angles were found 
by N. V. Ussing to be 2//a=68'' 50', 2//o=--lir 13', and 2Ffl-68®49', for yellow 
light; A. des (doizeaux gave for red, yellow, and green light, 2//^-- 77® 50'- 
83® 29', 83® 55', ai^l 83' 34'. The sp. gr. is 3*420 -3*486 ; and the hardness 7^. 
A. de^ Cloizeaux gave for the indices of refraction a=l*705, 6 '1*709, and y=l*711 
for red light, and»N. V. Ussing, a= 1*7055, j3"l’7088, and y=l*7112. A. Michel- 
L(^vy and A. Lacroix gave y ~ a=0*0()9 for the bi^yfringenee. 'I'he qitical character 
is negative. The crystals ari? ple5chroic. “ • 

G. Agricola referred to cmbnmulii carchMonii^in Boemorurn agris which were 
called Bohemian garMts by A. G. Werruir, and M. H. Klaproth. The former called 
the mineral fsrrope — from Tjvpwms, firc-like-»-and A, Weisbach, vogesile. Many 
analyses ^3 have been made. The composition calculated by F. Raramelsberg, 
and^. von John, approximates magnesium dialuipmium triorthosilicat^ 
Mg3Ji2(Si04)8. Calcium and iron are often present, and the mineral eometimea 
contains chromium. The work of C. F. llammelsberg,i* E. Cohen, and C. von John 
agrees with the assumption that the chromium is present as sesquioxide in a 
magnesium dichromium triorthosilicate, Mg3Cr2(Si04)3. H. B. Boeke found 
evidence that there is a continuous scrips of mix(‘d crystals between pyropo and 
almandine — i.e. magnesia-garnet and ferrous-garnet-. 

Pyrope is often found in peridotites amj the serpentines derived from them. 
The colour of pyrope is various snac^fs of^re4, brown, and black. When trans- 
parent, pyrope is prized as a gem ; and it is theicommon red garnet of the jewellers. 
Pyrope does not ap’pear on the ternary diagram. Fig. J77. The.general crystallo- 
graphic properties hSve been described i|i connection with grofwukr— lime-garnets 
(g.u.). The sp. gr. ranges from 2*69-2*78. W. E. Ford gave 3*150, the hardness 
is 7-7J. P. E. W. Oeberg gave 0*1758 for the sp. ht. C. Doelter found the m.p. 
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to be 1185°, or rather fusion begins At that temp. He also found that the mine 
decomposes when melted, fornyng spinel, etc., as indicated in connection wU 
grossular. According to C. Doelter, when pyrope is heated in gases the colour k 
not changed. The indices pf refraction given ^ H. Rosenbuscb, P. A. Fa/r/ier 
and M. Seebach are 17369-17422 for U-ligbt; 17^2-17466 for Na-ligbt; and 
1‘74$1-P7508 for Tldight. Iff E. Ford gave 1705. B. Jezek found for different 
samples, P7372 1-1 '73914 for Li-light ; 1 '74301-1 '74606 for the D-line ; P74696- 
115258 for Tl-light; and 1157 48-1 '7^134 for blue light. C. Doelter found the 
colour of pyrope is not changed by exposure to radium rays ; but with sojne varieties 
the re3 colour is deepened both by radium rajs^ and by X-rays. E. Reymond 
studied the action of chlorine and of hydrogen chloride on pyrope ; and V. Iskyul, 
the action of hydrochloric acid, and the solubility of silica in pyrope. 

The alterations which pyrope undergoes in nature have been discussed by 
A. Schrauf,!® A. E. Deleise, F. Becke, H. von Fouillon, G. Linck, J. S. Diller, 

A. von Lasaiik, J. Mrha, J. Lemberg, G. Tscherniak, and C!’K. van Hise. Pyrope 
changes into chlorite, serpentine, and various more or h;as indefinite substances ; 
thus, A. Schrauf found near Krems, Bohemia, a substance which he called kelyphite 
—from a nut-shell— as a crust abbut a nucleus of pyrope. A. von Lasaulx 

found that it is not a homogeneous substance. 

The minerals se^bertitc, brandisite, and xanthopbyllite belong to the clintonite 
family of brittle mibas. They are complex calcium magnesium aluminosilicates. 
According to W. W. Mather, scybertite was discovered at Amity, New York, in 
1828 , by J. Finch and co-workers ; it was named clintonite, after W. Clinton ; and in 
J. Finch described the mineral und'^r th(‘ name hronzite. In 1832 , J. G. Clemson 
described the mineral as seybertite —after 11 . Seybert. A. Breithaupt called the 
mineral from Amity, chrysophane ; T. Thomson, holmite ; and G. Rose, xantho- 
phyllite. A related clintonitic mineral from Fassathal, Tyrol, was called brandisite 
—after M. Brandis— by W. Haidinger, and disterrite—irom twice; and 
hard -by A. Breithaupt. Another clintonitic mineral from the Urals 
was called xanthophyllite— from ^av$ 6 <:, yellow ; and <l>vXXov, a leaf— by G. Rose, 
and waluewite or valuevite - -after P. A. von Waluew--by N. von Kokscharoff. 

Analyses of scybertite have been reported by T. G. Clemson, G. J. Brush, 

G. Tscliermak and L. Sipbez, T. Thomson, and A. Breithaupt ; of brandisite, by 
F. von Kobell, G. Tscherniak and L. Sipocz, and U. Panichi ; and of xantho- 
phyllite, by G. Rose, M. Meitzeiulorff, A. Knop, P. D. Nikolajeff, R. Scliliipfer, and 
F. W. Clarke and E. A. Schneider. C, F. Kammelsberg calculated formulec for 
these minerals from the analvsei, and obtained for scybertite R"5Al4Si20i5.2H20; 
for brandisite, HioR"24^l24^iioC>8.'^ ’ for xantbophyllite, R''5AloSi20i8.2H20, 
or H 4 R" 5 Al 6 Si 202 o- P- Gro^h gave for scybertite, H6(Mg,Ca,P'e)ioAlioSi403e ; 
for brandisite, H8(Mg,Ca,Fe)i.2(M,Fe)j2Si504i ; and for xanthopbyllite: 
Hg(Mg,Ca)j[4(Al,Fe)i(jSi5022- , G. "^chermak considered those throe minerals to 
be isomorphous mixtures of ditferont proportions of an aluminate and a silicate. 

F. Zambonini considered these minerals to be hydrated mixtures of a disil’cate, 
H2R2Si207, an alum^inate, R''Al204, and water in the proportions 1 : 2 ' 33 : 1 ; with 
brandisite 1 : 2 - 5 : 0'75 ; and with xantbophyllite, 1 : 3 : 1 . V. Goldschmidt gave 
for brandisite, Ca 4 (Mg,Fc) 8 Ali 2 Si 5 O 40 . 4 H 2 O. P. Erculisse regards the clintonites as 
solid soln, of the micas and spinels. F. W, Clarke regards these minerals as 
morphologically like biotite and , having the univalent radicle AIO2R", where R" 
represents Mg, Ca, Fe". or Mn. Xantbophyllite is considered to be the most basic 
member of the series : ^ 

/Si 04 ^A 10 ,Ca), ' 

Al;' Si04^AI0,Mg), Al(Si04™{A104R), 

' ^SiO^-fAlOjMg), ^Si04=|AJ0JR), 

Xantbophyllite. Seybertite. 

This makes xantbophyllite caldum magnedimi eimealominoiy'^aiDmo^ 
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orthodlioate ; and seybertite, caldam magnesium trihydrohexalaminozy-alu- 
minotriortho^oate. ^ « 

The Cilourof seybertite is yellow, reddish-brown* or copper-red ; that of braiidisite 
is yellowish-green, leek-green, or reddish-grey ; and tha^t of xaut liophyllite is usually 
leek- or bottle-green. ^IHiese minerals all belong to the monoclinic system. Some 
measurements of the crystal constants have b8eii made by G. TscherAak ; 
and N. von Kokscharoff gave for xanthophyllite the •axial ratios a :b :c 
-=0*57736 :.l : 1*62214, and ^—90^0'. The crystals are usually tabular ; those of 
seybertite are sometimes hexagonal in oufline. The symmetry of xanthophyllito 
approximates to that of the r/lombohedral system, and the forms simulate the 
octahedron. Complex twinging occurs as in the case of the other micas. The basal 
cleavage is perfect. The folia are brittle. Percussion and press, ^giiros coriespond 
to those of the micas. The corrosion figures of xanthophyllite and of seybertite 
have b?en studied by F. J. Wiik. G. Tsehermak gave ior the optic axial angle of 
seybertite, 2A’"-3''-l*3> and A. des Cloizeaux found that for the red ra^, 2E—20'' 23' 
at 21*5°; 20'" 32' at 95*5'"; and 20' 40' at 17r. For brandisite, G. Tsehermak 
gave 2/?— 18'’“35'' ; and A. des Cloizeaux found in some cases 2E 0'', in others 
2A’= 15^-20°, and in anotluT case 2A’=~^28'', and increas<‘ of the angle with a rise 
of temp, was not unequivocally proved. For xanthophyllite, G. Tsehermak found 
2F’=-17' -32°; H. Bucking, 2/^--20 f)' ; and A. des Cloizeaux, 2 A’if 20°, with a decrease 
of about 1° when the temp, rises 26*5'* 146*5°. The sp. gr. of aH three minerals 
is near 3*0-3*l ; and the hardness between 4 and 5. According to F. W. •Clarke, 
xanthophyllite decomjjoses wiien heated, forming a portion soluble and a portion 
insoluble in hydrochloric acid. The insoluble portion has the composition of 
spinel, Mg(A102)2- F. Zambonini investigated the dehydration of some xantho- 
phyllite from the Urals, and found in a current of air : 

130* 210* 250® 350* 450“ 

Percentage loss . . . 0*19 0*31 0*37 0*61 0 ()4 

Only 1*98 per cent, was lost by heating the mineral in a porcelain crucible over a 
Bunsen’s burner; and 5*10 per cent, in a phitinum crucible over a gas blowpipe 
flame. Hence, he concluded that all the combined water is not to be regarded as 
constitutional water ; a part is extrinsic. A. Knop made some observations on 
the dehydration of this mineral. A. Michel-licvy and A. Lacroix found the indices 
of refraction of seyl^*Ttite to be a - 1*646, ^*1*657, and y.-=l-658. The crystals 

are optically negj^tive. A. B. Eaklc found the sp. gr. of xanthophyllite to be 
3 081, and A. Laitakari, 3*093; fof the "indices ^of refraction, A. y. Phikhi gav(5 
j8— y„'l’660, and A. Laitakari, y:^l*638, and ^ - y -0 (XX)t/.* The crystals arc opti- 
cally negative. 'The three minerals are pleochroic. Beybertite is readily and com- 
pletely decomposed by hot cone, hydrochloric acid ; brandisite is readily attacked by 
cone, sulphuric acid, but not so rapidly ty conc^ hydrochloric acid. F. W. Clarke 
and G. Bteiger found that ammonium chloridif vap. Attacks xanthophyllite only 
feebly. , 

IiNionnection with pyroxene and diopside, it was foiTnd convenient to apply 
the term augit68 to the monocliiiic pyroxenes with sesquioxides —alumina, ferric 
oxide, dtc., as essential constituents. The aluminous pyroxenes are also augites. 
A, G. Werner applied Pliny’s term mu/ih—inmi al>yri, lustre—to the black 
volcanic schorl of the early writers— J. B^L. Kome»de ITsle, F. de la Fond, and 
J. Demeste ; A. G. Werner’s lerm, and the vekantte of J. C. DclamcHherie, included 
only the black igneous rocks ; while L. A. Emmerling, and A. Estner did not 
clearly distinguish augite as a defiifitc mineftil species. R. J. HaUy included a 
number of species as pyroxenes (qx\) Gf W|rner did with augite. 

The amphibole of H. Seybert was called inaduerite by T.,Nuttall ; % variety of augite 
was called CHuaUine by 4R. Kirwan, and basaltic Tiorablende by A. G. Werner ; a variety 
from Fassathal, Tyrol, was called fasaaUe by C.A. 8. Hofmann, and pyrgom — from iriipywn^ 
a tower— by A. Breithaupt.’ V. Zsivny analyzed a sample of fassaite from Hodrusbanja 
(Comitat Hontj. A wlxite alumistous augite analyzed by T. 8. Hunt was called leucaugtie 
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—from XivK^s, white -by J. D. Dana: L. Tokody studied the optical properties of 
fassaite, and V. Zsivnynthe composition. E. F. Glocker referred to needle-like crystals 
of augite in the porous lavas of Eifel and Laacher-See. It was named porridne^ and 
described by H. Laspeyrea, F. Sandberger, and A. des Cloizeaux. 

R. J. Haiiy applied the term diallage to a green or- brown mineral which is 
found in gabbros and related tbcks. The name— from StaAAayij, difference— was 
intended to emphaske the dissimilar cleavages or planes of fracture. Typical 
augite exhibits schillerization, and closely resembles bronzite in appearance. There 
has been much discussion as to whethef diallage is a distinct mineral species, or a 
variet/'of pyroxene. G. Tschermak regarded diailage as a member of-the augite 
family, and it has a lamellar or thin foUated structure and parting. It resembles 
diopsidp in composition, b^t usually contains alumina. Analyses were made by 
G. vom Rath,i® H. Traube, M. F. Heddle, A. Hilger, T. Petersen, W. Wahl, A. Cossa, 
A. Cathrein, 0 . Luedeckfe, A- R- Lee&s, D. Hummel, etc. 

The earliesj: analyses of augite were made by L. N. Vaaquelin, and W. Roux ; 
and since then numerous others have been made. The mineral is essentially a 
metasilicate of calcium, magnesium, and ferrous iron plus ferric and aluminium 
silicates. Manganese and alkalies are often present, and up to 1 5 per cent, of titanic 
oxide is*present in the so-called titanic-augites analysed by A. Knop, P. Merian, 
E. Lord, A. Strong, i'. Becker, B. Mkuritz, and F. Gonnard and P. Barbier. There 
are ako pyroxems Avith up to nearly 3 per cent, of chromic oxide— chromic-diops ide 
and chmmic-aiigite. These were analyzed by C. W. von Giimbel, A. Schrauf, 
R. Scharitzer, E. Jannettaz, A. Knop, F. P. Mennell, H. Lenk, C. F. Rammclsberg, 
K. 0 (!bbeke, and R. Brauns, Here the chromium replaces part of the aluminium. 
Tlie mineral omphazite or ompkacite of C. A. S. Hofmann, and A. Breithaupt was 
named — after o/x0af, an unripe grape— in allusion to the colour ; it is a variety of 
chrornic-augite. Analyses were made by L. Hezner, J. Ippen, and 0 . Luedecke. 
The character of omphascite was discussed by C. A. S. Hofmann, C. C. von Leon- 
hard, R. J. Haiiy, F. Mohs, W. Haidinger, A. Breithaupt, A. des Cloizeaux, 

J. F. L. Hausmann, G. Tschermak, H. Rosenbusch, and P. T. Riess. A vanadic- 
augite with up to 3*65 per cent, of vanadic oxide was called hmovite, or lamojiite, 
or lavroffite - aitcT N. von Lavroil — by N. von Kokscharoff ; it was analyzed by 

K. von Schafhautl, and P. Hermann — vide diopside. 

The composition of augite as a mineral is so variable that it has not been possible 
to formulate the ooin])osition of an idealized augite. C. F. Raminelsberg 2^ regarded 
the augites as mixtures of diopside, CaMgSi20(j, with alumina. ,G. Tschermak at 
first suppose(l^alumina-augite tu be an’ isomorphous mixture of diopside with a 
silicate of the composivion MgAl^SiO®, or IP'AlijBiOg. This silicate is hypothetical, 
but its composition approximates to that of cornerupine or prismatine (q.v.). 
Hero it is assumed that the proportion of^ calcium is less than that of magnesium. 
C. Doelter found that this is not rjlways the case, and he assumed, the augites to 
be isomorphous mixtures of diopsiue with one or more of the silicates MgAl2Si0e, 
MgFc'"2Si0fl, CaAl2SiO(,, Ca*Fe"'2Si0e, and Fe"Fc"'2Si06, A. Knop regarded the 
augites as mixtures of RSiOs, (Al,Fe)203, and Fe2Si309. N. Parravano, A. Lerian, 
J. Uhlig, A. Cathrein, J. Hampel, F. W. Clarke, J. Gotz and E. Cohen, P. Mann, 
J. W. Retgers, W. Wahl, A. H. Phillips, and others also advocated the view that the 
augites are solid soln. of different silicates. In the augites which contain alkalies 
it is assumed that silicates analogous to acniite or jadeite are also in isomorphous 
association with the other silicates. E. T. Wherry found the at. vo). theory 
of isomorphism fits in with (i) the complete replaceability of Mg and Fe" ; 
(ii) the slight tendency of Mg or Fe" to replace Ca ; (iii) the existence of Na 
and Li, and the absence of K pyroxenes ; and (iv) the improbability of 
G. Tschermak's mol. R"R"'2Si0e. H. S. Washington regards the pyroxenes 
as mixtures of jadeite, Na20.Al203.4Si02 ; acmite, Na^.Fe203.4Si02 ; and 
diopside, (Ca,Mg,Fe)0.Al203.2Si02 mols. Augite and ^egirite are composed of 
acmite and diopside with Fe,208 AI2O3 in sohj soln. P. Erculisse regarded 
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the augites (and hornblendes) as solid sola, of derivatives of metasilicic acid and 
the aluininosilicic acid, H 2 Al 2 SiOQ. • 

Augiti is a p 3 rrogenctic mineral and Ls commonly found in igneous rocks of nil 
classes. Augite was found by F.AIohs/^^ q. Rose, C. F. Rammebberg, M. Jerof^eff 
and P. Latschinoff, l!>. *IiudJyig, and 6. Tschern^k in meteorites. Crystajs of 
augite have been reported in many slags by J. Percy, 23 E. Millard, N. S. Maskelyne, 

C. Gruner, 6. J. Brush, J. F. L. Hauamann, E. Mitscherlich, J.’Noggerath, C. C. von 
Leonhard, F. Sandberger, C. F. Rammelsbcrg, F. von Kobcll, C. V^lain, G. vom 
Rath, T. fjpheerer, P. W. von Jeremejeff, J. H. L. Vogt, and E. Reynolds and 
V. Ball. Augite is readily obtained by simply fusing a mixture of the constituents. 

It was so obtained by P. Bertliier,2-i li. J. Johnston -Lavis, F. Fouqiie and A. Michel- 
L^vy, A. Daubree, A. Lacroix, C. J. St. C. Deville, S. Mhunier, etc. J. MorSzewicz 
found Ijoth ordinary augite and the alkaline augites in his work on artificial magmas, 
when over 50 per cen|. silica was present, and when the alumina is in excess of 
that required for felspar and mica. G. V. Wilson obtained it "by the action • 
of glass on fragments of lime. K. Bauer, J. Lenarcic* L. Bourgeois, and (\ Doelter 
obtained augite among the products of the fusion n)ck magmas- c.g. garnet 
vesuvianite, epid«te, biotite, and clinochlore ; he also obtained augite by fusing 
diopside with alumina or ferric oxide. J. Lenarcic obtained augite by fusing a 
mixture of labradorite and magnetite ; and B. Vuenik, by'fjisyig hedenbergito 
with anorthite, albite, or corundum. ^ 

The general properties of the augites are like those of diopside (q.v.). The 
colour of the augites depends on the composition ; usually it varies from a dark 
green to black, and in thin section, colourless to pale green. Augites with no iwn 
may be white — e.g. the kucaugite of J. D. Dana supra, • Vesuvian augite 

is yellow. The titaniferous augites are often pale violet-brown. G. Becker made 
some observations of the colour of titaniferous augites. Manganese oxide intro- 
duces a violet or rose-red colour into the augites — <\g. the viokn of A. Breithaupt, 
and A. des Cloizeaux. In general augite crystals appear in short thick prisms, * 
rarely tabular or bladed. The axial ratios of the monoclinic crystals vary but little 
with wide variations in composition. The change in form with varying amounts of 
ferrous and ferric oxides has been discussed by G. vom Rath, and G. Flink. Thus, 
a colourless diopside with 0-51 per cent. AI 2 O 3 , 0*98 Fe 203 , and LOl FeO had the 
axial ratios a :b : c*=l 09120 : 1 : 058949, and 74° ; while an augite with 

5’6 per cent, of AI 2 O 3 , and 9’5 FeO had the ratios 1 09547 : 1 : 0 r)9()35, and 
13=74° 13^1 DioJ)side, augite, legiritc, aoniite, and jadeite 
are probably isomorphous. H. I^umhauer, and^G. Greh^ 
studied the corrosion figures of the augites. The commonest 
form of twinning is on the composititm plane (106) ; the 
twinning on the (OOl)-plane is u.sually repeated in thin 
lamellae; the twinning on the (lOl)-plane fuipishcs •cruci- 
form twins ; and the twinning on the (l22)-plane furnishes 1H3.- Transverse 
stellaW groups. The last two forms are rare. The cleavage of » Bris- 

parallel to ( 110 ) is often well-developed, but sometimes 'Augite. ^ 

quite imperfect. In cross-section, the obtuse angles of the 
traces of this cleavage intersect at 92° 50', and the acute angles at 87° 5'. 
This is shown diagrammatically in Fig.* 183. The outer dotted lines repre- 
sent the form of the primary ; the continuous lines ’represent the cleavage- 
solid ; and the broken lines represent the rhombic cleavage. A second cleavage 
parallel to ( 100 ) is highly developed in some aftgites, and the crystals then separate 
into thin plates. There may also be rfh inT^)erfect cleavage parallel to (010). A 
parting parallel to ( 001 ) is well developed in many crystals twinned in Iamell«e 
parallel to this plane. It is considered to be*a result of ’multiple tl^inning, and not 
a true cleavage. E. A. Wtilfing gave for^the optic axial an^e 2F=61° 12' ; and 
G. Tschermak, 68 °. E. Goens examined the optic axial angle in the ultra-red. For 
the X-radiograms, vide diopside. 
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The 8p. gr. ranges between the limits 3*15 and 3*60, and it naturally depends on 
the CQmposition, e.g. the replacej?ient of magnesium by sodium lowers the sp. gr., 
while calcium, iron, and manganese in place of magnesium raise th^/ sp. gr. 
Similarly, the replacement of aluminium by ferric iron raises the sp. gr. The ra.p. 
also depends on the compositioij. In general, the augjtes with sodium, aluminium, 
iron, and manganese hate a lower m.p. than diopside. C. Doelter found for various 
augites 1000^-1260'^ ; 'for diallage, 1160"-1180“ ; and for soda-augites, 1085°-1115°. 
A. Brun gave 1230° for the m.p. of augite from Monte Rossi. ' R. Cusack 
gave i;87°-1199° for the m.p. of augite, and« A. L. Fletcher, 1?37°-1249°. 
R. Cusack gave 1264°-1300° for the m.p. of diallage ; and A. L. Fletcher, 1328°- 
1350°. L. H. Adams and E. D. Williamson found the 'compressibility, )3, of augite 
to be 2^34 X 10“^ .at 0 megabar, 2*27 x 10“® at 2000 megabars, and 1 04x10“® at 
10,000 megabars. F. E. Naumann •obtained numbers between 0*1930 and 0*1950 
for the sp. ht. of augite f P. E. W. Oeberg, 0 1830 between 15° and 99° ; and 
. R. Ulrich, 0*1931 between 19° and 98°. H. Fizeau gave for the coeff. of thermal 
expansion of the two axes in* the plane of symmetry ; 0*052730 and 0*057910, and 
for the axis at right angles to this plane, O O4I3856. This makes the coeff. of 
cubical expansion O O42597I. G. Tschefmak gave j8~l*74 5or the index of 
refraction; E. A. Wiilfing, a=l*Gli75, j8=--l*7039, and y:=l*7227 for Na-light; 
and A. Michel-Le\y and A. Lacroix, a=l*706-l*7l2, j8=l*712-l*717, and 
y=l*728-l*733/ tor the birefringence E. A. Wiilhng gave y— a=0*0252, and 
A. Micficl-L6vy and A. Lacroix 0*021-0*022. The optical character is positive. 
The more strongly coloured augites are often pleochroic ; but ordinary augite is 
hoj; perceptibly pleochroic. This subject has been discussed by G. Tschermak. 
According to L. van Werncke, A. Pelikan, J. Blumrich, and A. Scott, titaniferous 
augites are generally pleochroic and exhibit, in section, an hour-glass structure, 
the crystals consisting of a number of sectors. A. Scott showed that the extinc- 
tion angles, indices of refraction, and optic axial angles difiered in the various 
« sectors. W, Vernadsky found augite. to be triboluminoscent. 0. Doelter found 
that augites free from iron are as transparent as calcspar for the X-rays, while the 
ferruginous augites are less permeable. At ordinary temp., augite is a nou-con- 
ductor of electricity, but it becomes a conductor at higher temp. Thus, with an 
augite with a m.p. 1225°, 0. Doelter found the sp. electrical resistance of the 
compressed powder to be : 


1000 “ 1050 “ 

1100" 

1100“ 

1200" 

1270 “ 

Olims . 8316 6;UJ1 

• 2930 

1119 

28*88 

6*4 

and for the cooling of molten augite ; 

1216" 1200“ 

' 1160 " 

1115 “ 

1050 “ 

1000“ 

Ohms , , 7*64 , U -fp 

17*7 

1720 

493*4' 

669*0 


B. Bavink studied the n|agn»^tic properties of crystals of augite. 

G. A. Kenngott 2® found green and black augites powdered and moistened with 
water react markedly alkaline; F. Sestini found that powdered and moistened 
Vesuvian augite behaves similarly. Water dissolved 0*057 per cent., and water 
sat. with carbon dioxide dissolved 0*095 per cent, in 50 hrs. It was assumed that 
water breaks augite into. two parts, the calcium and magnesium silicates appear in 
the soluble part, the aluminium and iron silicates in the insoluble part. A. Daubree 
observed that the augites are no^ so rea(|ily decomposed by steam at 400° 
as diopside. C. Simmonds found tha^ augjte does not show any definite reduction 
by hydrogen at a red heat. Acidr have but a slight action on augites, and in the 
case of the alun^iniferous augites the action is inappreciable. "E. Lord observed no 
separation when titaniferous augite is digested with hydrochloric acid. G. Becker 
investigated the action of hydrochloric acid. H. Lotz, and W. B. Schmidt studied 
the action of sulphurous acid on augite and observ^'d but a slight action after 12 
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months’ exposure. E. C. Sullivan found a Basic exchange occurs when augite is 
treated with a solo, of cupric sulphate. V. P.,Smirnol! Uudied the action of 
humic avd crenic acids on augite. The natural transformation products of augite 
in nature are nunicrou8.27 Picro^hyll, pitkarantite, p^Tallolite, traversellite, pyro* 
schlcrite, grengesite, ajid atr^konitzite have been previously indicated. Cinj(.)lite, 
steatite, mica, epidote, and green-earth or glauconite, have also been reported. 
J. Roth has discussed the various changes ; and other report have been made by 
J. Lemberg, T. S. Hunt, A. Strong. G. Tsch^mak, and G. A. Kenngott. A . Erdmann 
found a yellow, slightly altero^l pyroxene at Bergen, Norway, and ho called it 
imnradite — after M. J. Monrad. S. H. Cox reported a greenish pyroxenic iniiuTal 
from the serpentine rooks of the Dun Mts., New Zealand. He called it hectouU — 
after J. Hector. G. Fricdcl and F. Grandjoan discutssed the transformation of 
augite ^nto chlorite ; 0. F. Rammelsberg, the alteration too])al ; and M. F. Ib'ddle, 
and N. Kispatic, the serpentinizaiion of augite. • 

The mineral homtlende or Honistcin probably received its nume from the . 
old miners in allusion to its toughness. C. A. S. Hofmann-® indicated that the 
term may be of Swedish origin. J. G. Walloriiis designated it cornevs fissilis, 
corneus solidus, cq^neus crystallosutus, add shiorh A. Cronstodt called it ^orl, etc. 
J. B. L. Rom6 do I’lsle classed it as a schorl G. Werner, L. A. Emmerling and 

A. Estner used the term hornblende for the mineral. • 

• • • 

The term pargasite was applied by 0. von Stoinheil to preen, bluiBh-preon, oi^preyish- 
black crystals of hornblende from Purpa.s, Finland. A. Jireithaupt called the black lioni' 
blende from Nordmark, Womilando, dwtotiVc- -from Siaorardr, standinp apart and later 
walU nan. lie called the black hornblende from VosuviiLs, ayntagmatito- froni aiivTayuMf 
arranped ; and the colourless or grey hornblende from Edenville, York, edenite. 
riio hplit -coloured hornblende with but little iron is often called e/itmlr, and the darker 
varieties par!7r«u/c. N NordenskjOld called a variety from LnkeTlaikal, Siberia, koksi har- 
ojfito — after N. von Kokscharoff— and J. J). l)ana, one from Nora, Wostmanland, noralite, 
A. llreithttupt obtained a preen mineral from Clamsiprad, Serbia, whicli be called garni- 
graddc, and which A. Lacroix sliowed to be a lionibh'iide P. Inicchetti obtained needle- • 
like crystals of a boniblende from Monte Altino, Herpanio, Italy, which ho calliMi berga- 
niashtc. J. Loronzen obtained crystals of a hornblende at Knersut, North Urecnland, and 
he called the mineral kaeiHutite. Its composition was examined by B. Gossner. T. Thom- 
son, X. dos Cloizeaux, and T. S Hunt doscril>ed rhaphilitc - from pa<i>ls, a needle — found 
by tlie lirst-nained at J’ert.li, Lanarkshire. It i.s a variety of bornblemlo. F. J). Adniiui 
and 13. J. Harrinpton reported a hornblende in the mipholino-Byxnito of Dunpaiinon, 
Haatinps, Ontario, atid thev called it hanttugHHc. T. L. Walki r gave for the indices of 
refraction, a-— 1*095 -1T)97 : j3~y= 1*710-1*711 ; and ph ochroism with o pale yellow, nnd 
P and y, a deep pYeenish-blu<\ G. Platani^ referred to a variety occurring in minute 
crystals in the luematite of .\cicatena, Sicily; it was ■amed xiphonitv , — aflter Xiplioiiia, an 
old town near tlio locality. K. A. 1)aly applied the name pKdfpstadit^ to an ainphibole 
from Philipstad, Sweden. W. ('. BrOgger found an amphibole intcrmi^diate in properties to 
barkevikit-o and arfvedsonito whicli he named calaj/hon^. It came from South Norway. 
Its cornpo.sition was examined by 13. Gossiter. A. Lacroix mentioned a similar mineral 
from Haute-Loire. L. Duparc and F. Poarco nfmed amphibole from Koswinsky, 
Urals, soretiter—aiter C. Soret ; and another relatlld to riebeikito and arfvodsonite, wa.s 
callofl tschnkhewiie. J. A. Krenner callorl an ampbibol| occurring with the jadeito of 
Centf^l Asia, Hzechmyiiic — after Count Szeclienyi L. L. Ferrdbr called a blue amphibole 
from the manganese mines of Central India, winchite — after II. J, Winch. L. C. Beck 
applied the term hud^onile to a mineral from Cornwall in the vicinity of the Hudson 
River, Now Y’ork. Hudsonite is black, lamellar, massive, and often has a bronze lustre. 
It was shown by S. Weidman to bo an amiihibole, not, as formerly supposed, a pyroxene. 
A. G. Wonier called a dark-coloured honiiilende from Sunalpo, Cariritbia (Kiiniten), 
karirUhine, A. Breithaupt regifrded it ns a sfiecial species of aiTiphibole, but J. l‘\ L. Haus- 
mann showed that it is a variety of hornblende. E. Denney or described torendrihite as 
a magnesian ferric amphibole from Tine, Ouadai. 

Among the more or loss altered horltblendes wRich have been reported are T. Thomson’s 
kirwanitc — after R, Kirwan — which is a*greeil chlorite-like mineral whose nature was 
established by A. Lacroix. The hganite of T. 8. Hfbit — named after J. R. Logan— occurs 
at Calumel Falls, QueBec, and it is near pennini^e in composition. G. A. Bertels described 
a yellow, fibrous, homlilende-like mineral wWch he called p/iCBOf/tmfe— from black ; 

and (Urff, a ray. A. Knop, O. A. Kenngott, and C. F. Rammelsberg described a green 
mineral from Waldheim, Saxony, which was called tualdhrimifc, and which was found 
to be an altered product of bomBIende. 
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R J Haiiy regarded the variHi v&te of diallage aa synonymous with the smaragdiu 
of jff. B. de Sauflsure. G. Wemer regarded sraaragdite from Corsica aa a granular kjjid 
of hornblende (Steablstein). Observations were made by W. Haidinger, G. Hobo, 
0 . Tschermak, R von Drasche, H. Roseubusch, and F. Zirkel Analyses iPere made 
byj. V. Lewis, J. B. TrommsdnrS, F. A. Genth, etc. fC. Boulanger has descriM a chromi- 
ferous smaragdite. Smaragdite has a light grass-green colour, and is a thin foliated vaiiety 
of arxphibole, which closely resemMes actinolite in composicion, but contains some alumina. 
Usually, it has probabjy been derived from pyroxene or diallage, and it retains much of 
the structure of diallage. Sauasurite and smaragdite form the greenish rock called saus- 
suritic gabbro ; and the Corsican mineral from the rock verde di Corsica duro used in 
the arts. 

G. Hose •• applied the term urallite to a mineral wliich had the crystalline form of 
augite and the structure of hornblende ; this name was selected because the mineral is 
widely distributed in the Urals. The mineral is a pyroxene* which has been changed to an 
amphibcle. The yralitizatioii of pyroxene is generally attended by an increase in the 
proportion of magnesium, and a decrej^ in the proportion of calcium. The change was 
discussed by G. Rose, W.' idinger, F. Becke, R. J. Haiiy, H. Rosenbusch, C. A.' Muller, 
and H. Fischer. L. Duparc and T. Hornung say that uralitizat»on is not a case of mol. 
transformation,*' nor a case of hydrocliemical alteration. They suggest that after the 
pyroxene had crystallized from*the magma, it was acted on by the residual magma and 
transformation occurred in patches into amphibole. /Vnalysee liave been reported by 
C. F. Raramelsberg, B. J. Harrington, P. Delims, L. Duparc and T. Hornung, G. vom 
Rath, and J. Kudernatsch. Traversellito — vide diopside — lias probably been formed by 
a similar process to uralite. 

« 

P. von Bonsdorll made an analysis of hornblende, and since then numerous 
analyses have been reported. As with the augites, the composition of the horn- 
blendes is very variable. The hornblendes bear the same relation to the amphiboles 
as the augites bear to the pyroxenes. E. T. Wherry applied the at. vol. theory 
of isomorphism tc explain the various replapements in the amphiboles. S. L. Pen- 
field and F. C. Stanley cpioted a number of analyses to show that in the hornblendes, 
magnesium and iron preponderate over calcium, while the reverse condition 
prevails among the augites. The constitution of hornblende is generally assumed 
to bo analogous to that of augite. C. F. Rarnmelsberg made attempts to deduce 
a formula for hornblende. C. G. C. Bischof, T. Scheerer, and J. Roth discussed 
the nature of the sesquioxides in this mineral ; E. T. Allen and J. K. Clement, 
the nature of the water. G. Tschermak regarded hornblende as an isomorphous 
association of the silicates CaMg3(Si03)4,CaFe3(Si0g)4, Na2Al2(Si03)4, K2Al2(Si03)4, 
CaMgAl4Si20Q, and CaMgFe4Si20|2,* which he afterwards leduced to the first 
three, and CaMg2Al3Si30i2. P. Groth gave for hornblende (j|lg,Fe)3Ca(Si03)4, 
and (Mg,Fe)2Al2(Si03)2(Al03)2 ; and for richtcrite, (Mg,Fe,Mn)3Ca(Si03)4, and 
Na2(Al,Fe)2(Si03)4. A. Sauer assumed that Al2Si05 is present in hornblende from 
Darbach. R. Scharitzer regarded hornblende and richterite as mixtures of an 
actinolite, CaMg3(Si04)3, with a silicate of the garnet type, R"3R'"2Si30i2, to which 
he applied the term syntagmatite. , F. Berwerth, F. R. van Horn, G. F. Becker, 
J. Soellner, H. Haeffke, and F. D. Adams and B. J. Harrington also assumed the 
presence of orthosilicates-— grst, because the proportion of oxygen is larger than 
that required for meta'silicates, and second, because they alter into n^Atures 
containing orthosilicates. The first argument is not strong because some horn- 
blendes have more oxygen than is required for the orthosilicate ratio, and the 
excess in both cases can be explained by assuming the existence of basic radicles. 
S. L. Penfield and F. 0 . Stanley suggest that hornblendes may be regarded as 
polymotasilicates with the bivalent radicles A 1 .> 0 F^", Al20(0H)2'', R'AL03", 
Na2R'Al204", and the univalent radicle MgF' ; this explains the presence of water, 
and fluorine. X. Galkin, and B. Gossner supjmrted this hypothesis. E. T. Allen 
and J, K. Clement assumed that the water in these minerals is adsorbed, occluded, 
or in solid soln. In agreement witli G. Tschermak, S. L. Penfield and F. C. Stanley 
assumed that the hornble^idcs are salts^ of an amphibolic acid, H8Si40i2 ; and 
H. S. Washington suggested a constitutional formula for kaersutite, based on 
this assumption. 
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P. Erculisse argued that the hornblendes (and augitcs) rfre solid soln. of deri- 
vatives 0 ^ the aluminosilicic acid, H 2 A^SiO®, and of metasilicic acid. Horn- 
blende is found in both igneous and metamorphic rocks ; it is a common 
constituent of granite, syenite,* dionite, trachyte, diabase, gabbro, norite,* gneiss, 
chlorite schist, mica schist, £tc. Edenite occurs in crystalline limestone and seems 
to have been produced by contact mctainorphism ; pargasite is found in meta- 
morph^c rocks, gneisses, and crystalline lim^tones. Basaltic hornblende is an 
early secretion in andesite, dacite, phonolite, basalt, %nd other enijitive rocks. 
The reports of T. Schferer, and W. C. Fuchs ^3 of the occurrencoi of hornblende , 
in slags were shown by C. C. von Ijconhard, and (b Tschennak to b<‘ unreliable. 
H. J. Johnston-Lavis reported finding hornblende on fossil bones in the volcanic 
tufa of Faiano, ^Jocera, and he assume* that it wa.s formed under press, jind at a 
temp, insufficient to carbonize or discolour the organic matter of th(' bones. K. von 
ChrustschofI synthesized hornblende by heating a mixture of dialyzed silica, 
alumina, ferric and ferrous hydroxides, magnesium hydroxidtCcatcium hydroxide, 
and water in an autoclave for 3 months at550'\ C. Doolter alsopn^pared^crysidls 
of hornblende by fusing a mixture of magnesia, iron oxide, alumina, silica, and boric 
oxide. He also recrystallized amphiboles from fused borax, or a fus(*d mixtiirij of 
magnesium and calcium chlorides. Olivine, scajmlite, magnetit(‘, anorthitc, 
or orthoclase were also produced. K. Bauer obtained hornblende by fusing at 
80(J" a mixture of biotite, boric acid, sodium jihosphate, and calcium fiuoride. 
A. Becker showed that when hornblende is fused, a pyroxene, possibly mixed with 
olivine, is formed ; and A. Lacroix found that heat alone, or contact with molten* 
magmas, must have converted hornblende into augite in the volcanic rocks of 
Auvergne. Indeed, the amphiboles are not stable at elevated tein)). Their 
appearance as pyrogenic minerals is therefore conditioned by the rajiid cooling of 
the mother magma, the presence of water, or some undetermined influence of press. 
An excess of magnesia favours the development of the hornblendes, while sn excess 
of lime favours tne formation of the augites™ vide magnesium metusilicate. 
E. T. Allen and C(J-workers found that whep magnesium metasilicate is heated above 
itsm.p. and rapidly cooled, amphiboles are juoducegi ; and if slowly cofllcd, pyroxenes 
arc formed. When rhombic amphiboh^ and water are lieSted at 375^^-475^, the 
monoclinic form is produced ; and the lattcT is obtaiicd wlien a soln. of magnesium 
ammonium chloride or of magnesium chloride a»'d sodium hydrocarbonate is heated 
along with sodium silicate or amorphous silica fli a sttiel bomb for 0 days at 375“- 
475°. Some quartz and forsterite were fornied*at the .same time. 

Tilj^ colours of argasite and common hornblende v^y from light to dark green, 
blui8h\[rccn, and black. G. Murgoci discussed the blue anjphi boles. A zonal 
structuje is sometimes developed and the central portion is brown while the outer 
portion is green, or rice versd. Hornblende is often free from inclusions, but it some- 
times contains apatite, magnetite, and titanite when of igneous origin, and rutile 
when formed by metamorphogis. Gas, glass, and Ijquid inolusions arc rare. Parallel 
growths of pyroxene and amphibole arc not uncommon. According to A. E. von 
Norden8kj6ld,34 the axial ratios of the im^oclinic crystals of hornblendi? are 
a : 6 : c— 0 54826 : 1 : 0 29377, and p~'l5° 2'^ Observations were made by A. des 
Cloizeaux, N. von Kokscharoff, W. H. Miller, J#D. Dana, A. L6vy, and (J. F. Nau- 
mann, M. Vendl, A.*Schrauf, P. Groth, G. JI. Williams, F. A. Qwenstedt. G. vom 
Rath, C. S. Weiss, G.^Tschermak, etc. Th# crystals often appear as slender prisms, 
and short thick prisms. The forms common to all monoclinic amphiboles are (110), 
(010), and less often, (100) and (130); the common terminal planes are (Oil), 
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(101) ; sometimes (lOl) and (211) ; *and rarely (001). Tbe faces of the crystals of 
hornblende are usuall/ quite simple, the unit prisms have (110) strongly developed, 
the second pinacoid (010) is subordinate, and less frequently, the firstf pinacoid 
(100) is quite small. The terminal faces are usually (011) and (101). The relations 
betvj^en the crystals of augite ai)^ of hornblende were discusstH by G. Rose. H. Haga 
and F. M. Jiiger studiSd the X-radiograms of hornblende. The common case of 
twinning has the composition plane (100), and in some cases there are several 
laraellfle twinned between larger parts. # A second form of twinning, ratier rare, is 
parallel to the basal pinacoid (001), and is U8uall}% polysynthetic. As in the case 
of pyroxene, it is produced by press. Observations on the twinning were made by 
E. Cohen, K. Oebbeke, F. Becke, C. H. Williams, 0. Milage, E. Dathe, and W. Cross. 
The cleavage parollel to (flO) is highly developed, yielding 65° 30', as illustrated 
diagramniatically in Fig. 184, wheiw the outer dotted line represents the primary 
^orm ; the continuous line, a secondary form of that of 
the cleavage solid. Cleavages parallel to (100) and (010) 
ar^ sometimes distinct, but rare. Parting parallel to 
the twinned lamelhr is sometimes developed. A. dcs 
Cloizeaux gave for the optic axial angle 2//=92° 37' ; 
G. Tschermak gave 2E=^1{)T 30' and 2 V —59°. M. Vendl 
gave 2F=82° 45'. Observations were also made by 
J. D. Dana, H. Roaenbusch, G. Flink, A. Michel-Levy 
and A. Lacroix, and K. Zimanyi. A. des Cloizeaux 
found that for j)argasite, 2E~%° 53' at 17°, and 100° 38' at 170° 8°. A. Bclowsky, 
ai^l A. Schrauf also studied this subject. G. Tschermak, C. Schneider, 
A. Belowsky, and F. J. Wiik studied the effect of composition on the axial angles ; 
and F. Rinne, the effect of heat. 

The Hp. gr. of most of the samples analyzed were determined ; the numbers 
range from 2*9 '3'4. M. Vendl gave 3’ 178 at 20°. The actual number naturally 
' depends on the composition — thus the greater the iron-content, the greater the 
sp, gr. The hardness ranges from 5-6. F. Pfaff found the cooff. of thermal ex- 
l)anaion in the direction of the crystallographic axes h and c to be 0'000000843 
and c--0’000009530, and for a, at right angles to b and c, 0 (X)(XX)81 19 ; and for 
the coeff, of cubical expansion 0’0(XX)2845. H. Fizeau gave for the coeff. of 
cubical expansion 0 ()0()0i5971 . F. E. Naumann gave for tlie sp,. ht. n i958-0’1976 ; 
R. Ulrich, 0'1941 between 21° and 98° ; and J. Joly, 0-21 13. A. Brun gave 1070° 
for the m.p. of hornblende ; R. Cusack, •1187°~1200° ; A. L. Fletclier, 1237°-1250° ; 
(J. Doolter, n'50°-i22y°,: and H. Leitmeier, lldO°-12(X)° for coarse-grained horn- 
blende, and 1130° ”11W)° for the fine-grained mineral. The indices of refraction 
for hornblende given by A. Michel-LtWy and A. Lacroix are a— 1*680, 1*725, 

and y 1*752 ; for pargasite, K. Zhn any i ‘’gave a-- 1*616, j8— 1*620, and y=]*635 ; 
and M. Vendl, a=l*698, j3=*l *68254, and y -1*6929. Other observations were made 
by H. Kosenbusch, A, Belowsky, G. Tschermak. A. des Cloizeaux, and A. Franzenau. 
For the birefringence, K. Rosenbusch gave y— a- -0*0264, y—jS— 0*0114, aiyy/f— a 
—0*0148. The optical character is negative, rarely ])ositive. Attempts to find 
a relation between the composition and the optical properties have been made by 
G. Tschermak, F. J. Wiik, W. C. Brogger, G. Murgoci, S. Kreutz, A. Laitakari, 
W. E. Ford, S. L. Penfield aud F. C. St,anley, and A. N. Winchell. G. Tschermak, 
A. Michel-L6vy and A. Lacroix, H. Rosenbusch, M. Vendl, and F. Becke studied 
the ploochroism of the crystals. W. Vernadsky found the crystals are tribolu- 
minescent. 0. Miigge studied the pluochroic halos produced by radium radiations. 
C. Doelter found the non-ferruginou8«hornblendes are transparent to the X-rays, 
but not so with the ferruginous hornblendes. 

C. Schneider* studied the action of steam on heated hornblende. According to 
G. A. Kenngott,^ powdered and moistened tremolite. hornblende, and maragdite, 
calcined or uncalcined, react alkaline to litmus. R. Miiller found that carbonated 
water has a strong action on hornblende, and aboift 1*536 per cent, is dissolved. 
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E. A. Stephenson studied the action of alkaKne soln. on hornblende. C. Doeltor 
found that when heated to redness for 3 hrs. in a stream* of hydrogen chloride, 
about 415 per cent, of lime and 1*57 per cent, of inagnesia was rendered soluble in 
water. The ferruginous varieties of hornblende are attacked by hydrochloric 
acid, but the non-ferri;ginous varieties are not appreciably affected. J. W. Mellor 
found that an hour s treatment of coarse-grained atid line-grained hornblend(^with 
hot cone, sulphuric acid decomposed re.spectively 1-7‘JI «nd 15 09 per cent. 
W. B. Sch«nidt, and H. Lotz investigated the action of sulphurous acid and found 
about 6'7 ^er cent, was dissolved. A. BoAer, and C. Doelter studied the corrosive 
action of molten silicate magmas on hornblende. E. C. Sullivan studied thf action 
of soln. of cupric aulphate.on amphibolc. G. Tammann and ('. F. Grevemeyer 
found that magnesia does not act on hoinblende at JOOO^"; lime acts s^nvly at 
500°; ^and baryta acts quickly at 275°-.3(X)°j For the transformation of horn- 
blende into pyroxene, supra. The transformation flf hornblemh' in nature 
has been diacus.se(l hf 0. F. Kammelsberg, J. Lemberg, M. F. Hi^ldle, K. Vrba, 
C. R. van Hise, J. D. Dana, C. A. Joy, F. Becke, and B. Kolenko. Tlio mineral* 
alters into pyroxene as indicated above, and also into biotitc, calcite, chlorite, 
cpidote, quartz, siderite, etc. • 

T. von Saftsefienkoff found and analyzed a soft, tough, white, fibroiil mineral 
in the Paligoris mine of the Permian mining 'district, Ural ; it was regarded as an 
altered asbestos, and called paligorscito. Analyses were alS(T made by A. Kers- 
mann, and G. Friodel, The composition approximates UjflMg2Al4Si]i0<fl}.3H20 ; 
and A. Fersmann called it a-paligorsc{(<% to distinguish it from a similar mineral with 
the composition H]oMg2ALSi7024.4H.J), and called The latter was 

also analvze<l by A. Kasakoff, G. S. U’hitby, M. F. llcddle, G. Tschurowsky,Iind 
A. Rzehak. A variety high in lime was called calclo-paJigofscile, The sp. gr. 
of paligorscite is 2*217 ; it is not acted on by acids. According to P. A. Schem- 
jatscheiisky, it is an altered a.sbestos. M. F. Ilcddlc ap])li(‘d the term pilolite — 
from TTtAos', felt - to a fibrous, more or less flexible, and tough mineral resembling 
the so-called uiounfain-corl', or mnuntain'lcalher, the colour white, buff, or grey. 
Analyses were, also ma<le by A. E. I)closs<‘, Z. Rozen, A. F. Collins, 
T. Thomson, and A. Fersmann. The last-named called sanqiles apjiroximating 
Hi4Mg4AloSiio034.0lT2G, a-pilolitc, and those ajiproximating 
81120, ^-piloUie. ^G. Friedel de.scril)ed snow-white masses of a fibrous mineral 
from the antimony mine of Miramount, France, etc., and named it lasallite — after 
M. Lasalle. Ile^considers it to be a variety of pilolite, F. W. Clarke re]»re8ented 
the analyses of the two minerals by the formula^: • 


Mga-SijOy 


^AKSijO^AlHd^ 


+7H2O 


Mg^si^g, 


^^Al(Si,0,.MgHd 


d 7H,0 


La-sallite. “ PlloliU*. 

• • 

E. F. Glocker^® applied the term xylotiH^ -from fuAop, wood— to a kind of 
ash^-os which is green or brown in colour, and ver)* delicately fibrous. Analyses 
w^er^iade by A. Erdmann, A. Fersmann, M. C. J. Thanloff, U. von Hauer, and 
W. Lipdgren and W. F. Hillebrand. The composition apptoxiniates to that of 
paligorscite, R. Hermann’s xylite is a kind of hydrated asbestos. G. A, Kenngott 
regarded xylotile as an altered chrysotile. The sp. gr. is 2‘40-2‘5C. A. Fers- 
raann concluded that all tbesi; miiieralsf jialigorscite, pjlolite, lassallite, mountain- 
cork, mountain-lcatlier, and the like, should be grouped together s^h paligorscites. 
The composition of the group Ls exjdained by assuming that they are various 
mixtures of two components- -th? oijc, called paiasepiolite* has the composition 
H5Mg<iSi30i2 ; and the other, called parimqjQtmorillonite, has the composition 
H2AL2Si40,2.5H20.' 

P. Pusirewsky 3* found a massive ^lite or rose-red mineral resembling litho' 
marge near Nertschinsk. He called it nef^effite or tiefedjexvile, and represented its 
analysis by the formula H4MgAl2Si50|e, orMgAl28i50i4.2H20. When confined over 
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sulphuric acid, about 11-3 per cent, of water is given off in 22 days, and this water 
18 restored on exposure to a moist atm. ; at 250°, the mineral loses 19 23 per cent, 
of water, and 4*73 per cent, more when heated to the m.p. A. Fersuann and 
L. Zitladeffa represented it by the formula (Mg,^)Al 2 Si 50 i 4 . 7 H 20 , or magnorium 
alominiom mesopentasilic^, MgAl 2 Si 50 i 4 . 7 H 2 U. The sp. gr. is 2*25, and the 
harciness IJ. Water d^isolves (9*2 per cent, of this mifieral and acquires an alkaline 
reaction. • 

T. S. Hunt described a green clay-like mineral which he found at Sprin^eld, Penn., 
and wliioh he called veneriie—after Venus, the alchemist’s symbol of copper.. It cont^ns 
18-65 ffer cent, of magnesia; 17 '68, cupric oxide; 6 36, ferric oxide; 14 67, alumina; 
30-73, silica ; and 12*83, water. 

G. Steiger (rbtained a'number of thallifcrous silicates by the action of thallous 
nitrate on the zeolites, in a sealed* tube at 250°-290°“-e.^. thallo-amkite*,'^ thallo- 
leucite, thallo-cliahazitcs, thallo-stilbitey thaUo-mtrolite, and iha^h-mesolite. A. Lamy, 
• and G. Mtillei^made observations on thallium glasm (r/.v.) with thallium oxide as 
one of the bases. H. Flemniing dissolved silica in a boiling aq. soln. of thallous 
hydroxide, and on cooling obtained a whit^ crystalline mass which, when dried over 
sulphurii acid, lost 5*38 per cent, of water, and no more when heftted to 150°. The 
composition approximates 3Tl20.10Si02. The soln. deposits silica when treated 
with carbon dioxidq, and the hot soln. of thallous carbonate redissolves silica. 
The soln. becomes turbid On cooling, and clarifies when heated. G. Wyrouboff 
obtaincS yellow needles of thallous silicate, Tl6Si207.n20, which belong to the 
tetragonal system, and have the axial ratio a : c--l : ()’3916. The crystals are not 
alt^jred by heating to 130°, but at 150° they become opaque, and at a higher temp, 
lose weight by the expulsion of water. L. Bourgeois failed to make silicates of 
cerium, la n t h anniu, and didymium by heating mixtures of the oxides of these 
elements and silica. 
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§ 47. The Silicates of the Phosphorus Family 

W, Sk(\v ^ nu‘lt(Ml quartz and other siiicatoB witli a mixtun* of alkali carbonate 
and phosphate, trea^d the product with hydrochloric acid, and washed th(' insoluble 
matter until the wash-water was free from phosphoric acid. Aq. ammonia dissolvers 
both silica and phoSphoric acid from the residue, which is considered to be a mixture of 
silicic and phosphoriti acids or a sili^ophosphoric (m9, silicon ^diosphak^oT phosphorus 
^ilicale. For 1^. Hautefeuille and P. Margottet’s silicyl mHuphosphate, Si 02 .Psj 05 , 
or Si0(P03)2, and SiO2.2P2O5.4H2O, vide silicon ^jhosphates. H. N. Stokes 
• reported Si02.p2^5 formed when SiP20flCl2 ^ heated untd no more phosphoryl 
chloride is evftlved. The calcium phospha^failicates stemlile, and 

dplyte -md the calcium ferrous phosphatosilicate— -were discussed, 
8. 24? 25, and 30. G. Saring also reported a series, Ca3(P04l2.(0a0)2(K20)Si02, 
with tne silica replaceable by analogous oxides from the saaie family group of 
clemenU. For the sodium cerium phosphatosilicate, erikile ; and the calcium 
cerium phosphatosilioate, f^rithoUte — vide the rare earths, 0. Meistcr referred to the 
uses of tin phosphatosilicate forVeighting; silk. S. J. Thugutt obtained arsenitv- 
sodalite, 6(Na20.Al203.2Si02lNa4As205.6H20, or sodiulh aluminium anenito- 
sOioate, by heating in an autoclave a mixture of kaolinite, arsenic trioxidc, sodium 
hydroxide, and water for 54 hrs. 207'’-20B'’. By using arsenic jicntoxide, he 
obtained acicular crystals of or4enatosodo/i(e>6(Na20.Al203.2Si02)Na3A804.wH20, 
or sodium aluminini^ arsenitosilicate» when n=i7 and 14. G. FlinJc described a 
manganese arsenitometasilicate, (H0Mn)2Mu3Si03(A803)2, whofie X-radiogram 
corresponded with the hexagonal or rhoiUboh^ral symmetry. The mineral was 
called dixenik; the sp. gr. was 4 20; the hardness, 3-4; and the mean index 
of refraction, 1-96. It was uifiaxial and positive. R. B. Gage and co-workers 
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described a hydrated .manganese arsenatometasilicate which occurs in veinlets in 
the normal zinc ore at Frankltn, New Jersey, and which they GdW^^Rchalleriic 
—after W. T. Schallcr. * Its companion is i2MnO.9SiO2.As2O6.7HjO, or 
9MnSiO3.Mn3A82O8.7H2O, &nd recalls that of iliedeIite,,9MnSi3.MnCl2.7H20. ft 
occtfrs massive, light b/own in*colour, with a conchoklal fracture, and a vitreous or 
waxy lustre ; its sp. gr. is 3*368, and its hardness 4*5 to 5*0. It fuses with 
difficulty, gives off water at a low red-heat, and arsenic is evolved ^t a higher 
temp. The mineral is uniaxial, and Ifas a perfect basal cleavage. The indices 
of reffdction are <u= 1*704, and €=1*679; thef optical character ft negative. 
A. Raimondi mentioned a mineral from the vicinity of Tibaya, Arequipa, 
P(?ru, .which he called are^uijrite, and which he stated to be a lead antimonato- 
Silicate. T. L. Walker reported a yellowish-green, pulverulent mineral from 
Ontario with a compo^tion cofresponding with ferrous antimonatosilicate, 
5FeO.Sb2O6.5SiO2.2H2O. He called it chapinanife. It has.a sp. gr. 3*58 ; indices 
of refraction a=l*85, y=l*96, and is doubly refracting. It is dissolved by hydro- 
fluoric acid, but not by otter acids. G. Flink repoited iron-black hexagonal 
crystals of a manganese ferrous antimonatosilicate, 37Mn5SiO7.l0Fe3(SbO4)2, 
from Llingban, Wermland, Sweden. It was named Idngbanite, or longhanite. 
The axial ratio a : ^=1 : 1*6437. <rhe sp. gr. is 4*918, and the liardness 6*5. 

(J. M. Keratin ^ do und a reddish-brown mineral, sometimes yellow or black, at 
Schne(^crg, Saxony, and he called it eulyiine — from evAvroi, easily dissolved or 
fusibhi. Analyses were made by C. M. Kersten,and G. vom Rath. Tlie com})osi- 
tion represents bismuth orthosiUcate) 314(8104)3. The crystals belong to the cubic 
system. A. Freuzel found monoclinic crystals of a mineral witli the same com- 
position at Johaifngeorgenstadt, Saxony. He called it m/ricolite — after G. Agricola. 
Bismuth orthosilicate thus appears to be dimorphous. According to A. Frenzel, 
agrieolitc is the arsenical bismuth of A. Breithaupt, and A. G. Werner. The sp. gr. 
of eulytinc is 6*106, and the hardness 5J-6. It is decomposed by hydrochloric acid 
with the separation of gelatinous silica. A. Frenzel also found a ferruginous 
bismuth silicate in the same locality, which he called hismutofen ite ; its composition 
ajjproximated Bi203.2Fe.203.4Si02, and its sp. gr. was 4*47. 

According to J. J. Berzelius,’'^ when a vanadyl salt is added to a soln. of an alkali 
silicate, a pale grey precipitate of vanadyl silicate is formed. On exposure to air, 
tills silicate turns brown, and finally green, and at the same time becomes insoluble 
in wat<‘r. A. von laisanlx ** noticed a mineral at Salm Chateap, Ardennes, which 
he called Maiujandislhene on account of its supposed ri'serablance to cyanite ; and 
later ardennite. F. 'P'.sani called it after G. Dewal([ue. Analyses 

were made by A. Lasaulx and A. Bettendorf!, and F. Fisani ; and th(‘ results 
agree roughly with the formula HjoMiqoAlioSiio^^iGss or H5MP4Al4Si4V023, or 

8MnO.4Al2O3.V2O6.8SiO2.5H2O, ; manganese aiumipip’n •"‘^vpadatosilicate. 

Some arsenic may replace VanadiiiKi, ferric iron the aluminium, and magnesium and 
calcium the manganese. T^»e prismatic crystals of ardennite are yellow or yellowish- 
brown ill colour. According to G, vom Rath, the rhombic crystals have the axial 
ratios a : fe : c - 0*4663 : 1 : 0*3135. The cleavage 010 is perfect, and the 110- 
cleavage is distinct. There are partings parallel to c with horizontal striations like 
cyanite. The sp. gr. is 3*577 3*620; and the hardness 6-7. The mineral is 
pleochroic. A. Michel-L^vy and A. Laoroix made some observations on the optical 
properties of the mineral. J. Blake. ^ found a vanadium-mica at Granite Greek, 
El Dorado, Gal., and named it roscoelife— after H. E. Roscoe. Other finds were 
reported and analyses made by F.' A. Genth*, W. F. Hillebrand and co-workers, 
E. S. Simpson, and H. E. Ro8CO<^. Atteffipts to derive a formula have not been 
very successful. H. E. Roscoe concluded that the mineral has the composition 
^ 4AlVO4.K4.Si9620.H2O ; A. Gen'ch gave K4(Mg,Fe)2(Al,V)8Si240e4.8H20, or 
H8K(Mg,Fo)(Al,V)4(Si03)i2. F. W. Glarke, and P. Groth assumed that the mineral 
is compounded of three different silicates : and the fonner considers that the 
idealized mineral has the composition potassiom divanadium dihydioahimina- 
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triorthosUicate, KH2V2Al(Si04)3, or (V^i04)2-Al~Si04~KH2, analogous to 
phlogopite, KH2Mg3AI(Si04)3. Roscoolitc occure^in minut<iscale8 often in stellate 
or fan-slteped groups coloured dark brown, greenish-brown, or brownish-green. 
F. E. Wright observed that the corrosion figures agree better with the monoclinic 
than with the triclinie^^system. According to F. A. Genth, the sp. gr. is 2 lV 2 ~iJ i)i ; 
H. E. Roscoe, 2 902 ; and F.*E. Wright, 2 5-3 (). E. Roscoe said that thetiard* 
ness is 1 . F. E. Wright found that the cleavage parallel to (001 ) is perfect and good 
when par^lel to (010) ; the optic axial angles 2 i^^ 42 °- 69 ° for Na-light, and 
34 °- 60 ° fo^ Li-light ; the indices of refraction are a-LGlO, 1 - 685 , and y-:l' 7 (H. 
The optical character is negative. The mineral is pleochroic. A. des (.'foizoaux 
made some observations ou the optical properties. The mineral is but slightly 
attacked by boiling cone, sulphuric acid ; but it is lapidly Ji;com posed. by dil. 
Bulphi^ic acid in a sealed tube at 180 °. , 

According to C. Friedheim and C. Castendyck,® vshen ammonium vanadate 
and ammonium silicdbiolybdato are mixed into a paste with wa^iT, inteniction 
occurs, and a clear red soln. is obtained. The intoii.siiy of tin* e<ll^>ur is greatest 
when the mol. ratio (NH4)20.V205 : 2(NH4).>0.Si02.12Mo0.j.81l20 is 2 : 1, and t he 
soln. deposits largo, lustrous red crystals of ammoniam silicovanadatomplybdatet 
3(NH4)20.Si02.V205.11Mo03.27H20 - often 2 cms. in lengthf These crystals are 
easily soluble in water, and during their formation become contaminated by sparingly 
soluble ammonium vanadiomolybdates of varying composittdn,*the latler being 
separated mechanically. The composition of these ammonium vanadiomolybdates, 
according to the order of their separation, is as follows: ( 1 ) 2(N}l4)20 2V2O5. 
5M0O3.8H0O. yellow ; ( 2 ) (NH4)20.V.)()5.2Mo()3.4H>;0, y('llowish-green ; 

( 3 ) 2(NH4)2a3V2b5.4Mo03.11H20, bright brown; ( 4 ) (NH4)2b.2V205.2Mo03.8lf20. 

^ reddish-brown ; ( 5 ) 4(NH4)20.12V205.5Mo03.24H20, brownfsh-red. The first 
three of these arc micrncrystallinc whilst the two last form felted needles. 
On recrystallizing the foregoing ammonium silicovanadiomolybdate from 
water, either hot or cold, decomposition occurs, and a series of comf)ounds,* 
(1) 3(NH4)20.8i02.V205.9Mo()3.2()n20 ; (2) 3(NH4)2O.SiO2.V2O5.10Mo()3.2lH2O ; 
( 3 ) 3(NH4)20.Si02.V205.15Mo03.24H.20, is obtained ; these differ little from the 
parent substance and from one another in colour and crystalline form, but are 
differentiated by the beliaviour of their sat. soln. with silver, lead, and mercurous 
nitrates. The follc^wing table gives their principal physical ])ropertieH : 


Ammonium 

Sp. gr. of solid 

Sp. gr. of saturated 

SoiuMiity in 

sillcovanavMomolybdato. 

at IS". 

soln. at 18". 

grams per o.c 

3:1:1: 9 + 20H,O 

2 802 (r 

1*21322 

0*32016 

3:1:1: 10 + 21H,() 

* 2 8044 

• 1 26275, 

0*fc02(i 

3:1:1: ll-f27H;() 

2*8074 

1*29266 

0*38086 

;i: 1 : 1 : 154-24H*() 

2*8162 

1 43761 

0*48997 


It is noteworthy that the addition df e.ach mol. of molybdenum trioxid(‘ causes 
a regular increase of approximately () ()()237 ijnit in «the sp. gr. of the solid salt ; 
0 037 unit for the sp. gr. of the sat. soln. ; and 0 ()30 unit for the solubility. The 
salts containing 9M0O3 and I5M0O3 can bo rccrystaflizeri unchanged from water, 
but that containing IOM0O3 yields a mixture of the other three salts. Their 
formuhition is illustrated by ; 

When potassium chloride is added to cold Sbt. soln. of tliese salts, cryslallinc 

potassiiim ammonium nliooyanadatomoiybdates are formed in which 2 (N 144)20 
of the -parent substance is replac<al Iry 2 KjO. The physical projierties of th<jse 
complexes are as follows : * ^ 

• 8 p. gr. of sp. gr. of wt. Solubility Id 

CumpoKition. • Doiid. * soln. at* grams pfr c.c. 

(NH4),0.2K,0.Si0,.T,0,. 9MoO,.20H*O» 2-8tt48 1 17031 0-24021 • 

(NH4),O.2K|O.8i0,.V,O,.10MoO,.21H,O 2-8682 1 19184 0-26914 

(NH4),0.2K,0.Si0,.V,0,.llMo0,.12H,O 28704 1*21378 0 27914 

(NH4),0.2K,0.8iO,.V,Os.l5MoO,.14H,0 2*8803 - - 
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Similar laws to those obtaining in'the case of the original ammonium compounds 
regulate the change of»8p. gr. an^l solubility of these salts ; moreover, the replace- 
ment of 4K for 4NH4 in the. original salts increases the sp. gr. in each Use by a 
constant amount equal to 0;()634 unit. On the other hand, the difference between 
the sp. gr. of sat. soln. of the corresponding ammonium^and ’potassium salts increases 
by api)roximatcly 0 02mnit for each addition of IM0O3, whilst a similar increase 
of 0 01 unit is observtid in the solubility. 

According to C. Friedheim and W. H.|Ienderson, silicovanadatotungsfates can be 
obtained by the action of hydrofluosilicic acid on a mixture of tungstat^ and vana- 
date. i’rom the product of reaction between ammonium vanadate and ammonium 
silicotungstate a hydrated ammonium siticovanadatodeoatun^tate of the formula 
(NH4)fl8iV2W]o040i21H20 has been obtained. It forms reddish-brown, octahedral 
crystals of sp. gr. 3 428 at 20°. Onqc.c. of its sat. soln. at 17° contains O'QG^^ grm. 
of the hydrated salt. If tlfo product be not evaporated to dryness, but subjected to 
^ fractional crystallization, a salt of the formula (NH4)(jSiV2W9D37.24H20 is obtained 
having a sp. gr. 3‘396. Two series of salts have been produced, a deca-series with 
the ratio of Si02 to WOs 1 : 10, and a scries with the ratio 1 : 9. The deca-salts 
which have been prepared are : hydrated sodium silicovauad^todecatungstate, 
Na(j8iV2 WiqO 40.29 H<jO, in reddish-brown crystals of sp. gr. 3*344° at 20° ; the 
potassium salt, KoSiV2Wio04o.22H2t),(in the form of reddish crystals with a sp. gr. 
3*664 at^ 20°, t^e‘ barium silicovanadatodecatungstate, Ba3SiV2Wjo04o.28H20, 
with a Sp. gr. 3*66 at 20°. One c.c. of the sat. soln. of the barium salt contains 
0*0384 grm. of salt. A potassium ammonium silicovanadatodecatungstate, 
NH4K5SiV2W^o04o.23H20, soluble to such an extent that 1 c.c. of its sat. soln. 
contains 0*5072 grm., and an ammonium potassium barium silicovanadatodeca- 
tungstate, (NH4)2*lv2BaSiV2W|oOjo.25H20, which crystallizes in holohedral forms* 
of the regular system, have also been obtained. Potassium and barium silico- 
vanadatoenneatungstates are obtained at the same time as the deca-salts. By 
' the action of potassium silicotungstate on potassium vanadate, a salt of the formula 
K|4Si2VflW|gOgo.42H20 is produced, and it gives the salt Ki2Si2VeWig079.31H20 
on crystallizing from water ; both these arc red solids which form crystals belong- 
ing to the monoelinic system. The barium silicovanadatoenneatungstates are : 
BaSi2V4WjflOgo.83H20 and Ba5Si2V4Wi907f).50H20 ; they are both red and form 
rhombic crystals. These salts are all decomposed by cone, aciils or alkalies ; they 
give characteristically coloured precipitates with lead, silver, and mercurous salts. 
Their formulation is illustrated by : . . ' 

0. Flink ^ found small octahedral cubic crystals, sometimes hollow and other- 
wise irregular, associated with ingiii'te at Nar.sarsuk, Greenland. Tl)e mineral was 
named chalcolamprite — from ;(aAK(rp, copper ; and Xapirfm, lustre—in allusion 
to the copper-r(sd metallic iridescence. The composition approximates ClUcpum 
fluocolumbatosilicate, CaSi63.CaCb205F2. and there are small proportions ^^f the 
cerium earths, alkalies, manganese oxide, and tantalic oxide also present. The 
colour is dark greyish-brown inclining to red. No cleavage was observed. The 
sp. gr. is 3*77, and the hardness 5*5, 0. B. Boggild deswbed a mineral from the 
nophelite-syenite region of Julianehaab, and Kangerdluarsuk, Greenland. It was 
named epittldilc — from imaroXrjy^ letter — in allusion to the flat rectangular form 
and white colour. The composition approximated to that of a sodium flnocolum- 
batotitanosilica^ 10Na2O.4NaF.(0a,Mg,Mn.Fe)O.4TiO2.19SiO2.5Cb2O5.21H2O. 
F. Zambonini discussed the chemical composition ; and showed that the water is 
not constitutional. At 22°, over sulphuric acid of sp. gr. 1 *835, the mineral lost 
0*66 per cent, of water in 1 hr. and 1*83 per cent, in 143 hrs.. ; and when heated, 

' the j)ercentage losses were : 

05* J20* 170" 195* 240" 3^0" 345" 300" 400" 

Urn , 1*13 2*»0 6-36 7 16 7*92 8*86 9 10 9 40 947 
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The total loss was 10*52 per (\ent. According to 0. B. Bdggild, the rectangular 
tabular crystals belong to the monoclinic system, ^nd have the axial rati(>8 a: b:c 
— 0’803 : 1*206, and j3=74° 42'. The 001 -cleavage .is very perfect yielding thin 
plates, and the 110-cleavage is dnjtinct. The sp. gr. i8^2-885 ; the hardness 1-^1 f) ; 
the optic axial angle, 2 : and the refractive index, 1-67. The optical character 

is negative. G. Flink ® found a chocolate-brown nnneral at Narsarsuk, Greenfand, 
which he named endeiolite— from JvSeta, want; and XiSd^, stone— in allusion 
to the fact^hat the analysis showed a consj^lerable loss. The composition approxi- 
mates calrjom hydroxycolombatosilicate, Ca0b2OQ(OH)2.CaSiO3. The minuto 
octahedral crystals belong to the cubic system. The sp. gr. is 3'44 ; ifnd the 
hardness 4. The mineral was also examined by 0. B. Bdggild and C. Winther. 

The minerals epistolite, dysanalyte, pyrochlore, a'schynitf,, euxenite# blom- 
strandipe, priorite, marignacite, and boranskite are either complex columbato- 
titanates or complex tantalatotitanosilicatcs, and they IfUve been discusscul in con- 
nection with the rare earths, and scandium. 
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1873 ; F. Pisani, Compt. Bend., 75. 1542, 1872 ; 77. 329, 1873 ; A. Michel-L6vy and A. Lacroix, 
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• 

§ 48. Tho^ Silicates o! the Titanium-Lead Family 

R. Ricke^ found that mixtures of siflea and titanic# oxide give a V-eutectic 
at about 1530° with 40 per cent, of titantic oxide ; and there is here inconclusive 
evidence of a maximum corresponding with ^he formation of a titanium 8ilicate» 
Ti02.Si02. Observations with tidtnic^ oxide and slag or clay {q.v.) were made 
by IL A. Seger and E. Cramer, H. Ries, C. T3r)ice, R. Rieke, and G. F. Comstock. 
The softening temp.* of binary mixtures of titanic oxifle and clay, by R. Rieke, 
were: • , * , 

TiO, .0 10 20 30 40 50 60 80 100 i>er cent. 

Temp. 1770® 1740® 1660®* 1580® 1530® 1010® 1670® 1660® 1610® 
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For colloidal titanium silicates, viiie supra, water-glass. L Bourgeois, obtaincti 
crystals containing the dioxides by fusing the dioxides of tin, silicon, or titanium 
with calcium fluoride. , 

In 1787, M. A. Pictet 2 described une nouvdle substance minkale from Chamouni, 
which J. C. Delam^thcrie called pictite. M. H. Klaproth Analyzed the mineral from 
PasSau, and he named it tit&ite. L. J. M. Daubenton designated the mineral 
titane siliceo-cakaire. A. G. Werner called it Braunmenakerz— after Menaccan, 
Cornwall. H. B. de Saussure referred ^to it as schorl rayonnante en gohttihe ; and 
K. J. Haiiy called a related mineral sphene — from a wedge. TJJie chemical 

identify of titanite and sphene was established by the analyses of P. L. A. Cordier, 
M. H. Klaproth, and G. Rose. , 

Ai/applo-greod t’ariety of Rphono from Liguria, Apennines, was called by 1). Viviani ® 
ligurite, ; a brown varietj^ from Lewis ♦/o., New York, was called tederite by C. U. Kliepard ; 
and a rerl variety from l^odmont was (‘ailed greenovite—aiteT G. B. Greenougii — by 
P. A. Dufn'mo;^^. It was also described by A. Breitbaupt, J. C. (P de Marignac, A. Delesse, 
and A. dos Cloiz(3aux, and is coloured by manganese. 'I'lie Norwegian mineral, thccucolitc- 
titanite of T. Scheerer, resembles eiicolite or eudialyte, and, according to W. C. Broggor, it 
contains 2-3 per cent, cerium oxide, arui 35 jier cent, titanic oxide- vide rare eaitlis. A 
greenish^variety from Maronne, Dauphini^, was called by F. de Bellevue mneline from its 
resemblance to flax-seed— lini, and by K. J. Haiiy, Hpinthere—iro/n amvdiip, 
spark - in allusion to;ts lustre. A dafk brown titanite from Plauen Grund, Dresden, was 
invostigiiled by Gsoth, and called by J. 1). Dana, grothite. The sp. gr. is 3 5, and the 
hardness 0. Jt contains from 2-5 per cent, of yttna and 31 per cent, titanic oxide. 
C. W. rtlomstrand described a greyish or brown mineral from Alsheda, Smriland. Sweden, 
with a sp. gr. 5, and hardness 3 ; he called it aUhedite —vide rare earths P. Weibye 
called a yellowish-green variety occurring in lanceolate crystals at Arendal, Norway, 
an^)id('lite. A. von Losaulx applied the term titanomorphite to a white altered variety 
from Lamporsdorf,^ Silesia, which was considered by A, Bettendorff to be calcmin titanite 
but A. Cathrein showed its relationship to titanite. W. von Gumbel applied the term 
leucoxene to a greyish -white opaque alteration product of titanifi rous iron. A Cathrein, 
H. Kosenbusch, and F. Zirkel showed it to be a variety of titanite. C. U. Shepard applied 
the term xardhitane to a yellow alteration product of titanite from Green Biver, Henderson 
t!o., North Carolina, L. G. Kakins regarded it as a clay wnth titanic oxide m place of silica. 
C. U. Shepard called a reddish-brown or black mineral from McDow'oll Co., North Carolina, 
pyromelane : it is a variety of titanite. A. Breithaiqit found yellow monochnic (‘rystals. 
of a mineral which he called casteUde. at Holenkluk Mt., near Probscht. A. Erd- 
mann applied the term krUhanite—nfior B. iVI. Keilhau -to a dirty brown or black 
titauosilicate of calcium, aiuminiiim, ferric iron, and the yttrium elements approxi- 
mating l5CttTiSi()5.{Al,Fe,Y)2(SiTi)Oj, and containing about pc"r eent. of titanic 

oxide, 12 per cent, of oeria earths, and 6 0 per cent, of yttna earth.s. 1’. Scheerer called it 
yttrotitanite -ride titanosilicates. The monochnic crystals are isom'uphous with those 
of titanite. The sp. gr. varies from 3'52 td3 77, and the hard ne.ss is (5-5. F S. Beudant 
inferred to wh^t he <*alle(j^ a mtnirU de Coromandcf, ftind this has been identitied with the 
black mineral fscheJJ/cinUe found by G. lioso in the Jlcm Mts , T^ral. Analyses were made 
by H. Bose, etc. — ride rareeartl\'j. C. F. Hammelsberg. and A. desCloizeaux gave formula! 
for the mineral. K. C. Price’s analysis corresponds with (Ca,Fe)dDi,Ce.?wa.Fo)^(Si,Ti) 50 , 5 . 
H. Hermann found thoria present, in 'i he Russian mineral, but A. Damour found no thoria 
in the Indian mineral. The ■ nincra^analyzod seems to be an alteration product, and is 
possibly related to keilliauito. 

, f 

Analyses were made by M. H. Klaproth,'* G. Rose, P. L. A. (’ordier, K. Rose, 
C. Busz, H. Rosales',’ F. A. Genth, F. W. Clarke, M. Schmdger, A. Cathrein, Jf. N. von 
Fuchs, A. Delesse, W. C. Brogger, J. C. G. de Marignac, J. Lemberg, M. F. Heddle, 
A. Erdmann, D. Forbes, C. F. Rammelsberg, O'; LindStrdm, C. W. Blomstrand, 
E. B. Knerr and E. F. Smith, 'A. R. ArpjJe, J. Harrington, R. Soltmann, T. S. Hunt, 
J. Bruckmoser, P. Groth, C. Hinlze, H. Lenk, F. Zambonini, etc. 

H. Rose 5 represented titanite l;iy a formula in which the titanic oxide was 
considered to be basic, but J. J. Berzelius allowed that titanic oxide is more probably 
acidic, and he regarded titanite ^''.s a compound of calcium silicate and calcium 
titanato. C. W- Blomstrand favoured H. Rose’s hypothesiif and represented the 
mineral by the formula Ca : O 2 : Si : TiO. F. W. Clarke, F. Zambonini, and 

0. Hauser, like C. W. Blomstrand, regard titanite as a basic salt, calcium titanyl 
orthosilicaie, 0 a(Ti 0 )Si 04 . P. Groth regarded tit-anite as the c^ilcium salt of 
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mesosilicic acid, calcium mesotitanosilicate, in which part of the silicon Ih replaced 
by titanium : ^ , 

?[0-Si:0^,, H0-Si:0, ,, . „ ^0-Si;0.„ 

MwKwillclc acid, HjSljOj. .McftotltAnoslllolo acid, njSiXiOj. Tltanttc, CaSlTiOj. 



Mcaosillclc acid, HjSljOj. .McftotlUnoslllolc acid, HiSI-UIOj. Tltanttc, Ca81T10j. ^ 

The varieties of titanite which contain sesqiiioxides are sup'piysed by P. Croth to l)e 
mixtures d CaTiSiOs and (AhYl^SiOs ; while C. W. Blomstrand 8U}>po8ed that the 
complexes^ AI 2 O 2 , FcoO.^, etc., can rejWace 

the titan;^ group, while bivitlent iron and ^ I I [“Fal” 1 

manganese can replace calcium. Accord- 
ing to F. W. Clarke, xauthitane apj)roxi- ^ 1^50 
mates to Al^Ti;j 07 ^H 3 ; tscheffkinite to ^ 

(Fe,Ca) 3 Ce 6 Ti 4 Si 60 ;j 2 ; and keilhauite re- ^ 
sembles titanite with*(^a or TiO replaced by ^ 
jr"OHorH'"(OH)2. | i 

Titanite is a pyrogenic mineral and is found 
as secretions in the oldest siliceous jocks - , 

granites, diorites* syenites, and trachytes. It U50 ^ ^ ,Z0 ^ ^ ^ to 
occurs as a secondary mineral derived from hol^r per tent. CdhO^ 

rutile or ilinenite. Titanite d<x‘s not seem to •rune, of 


be easily synthesized. 8. Smolensky measured 
the f.p. of mixtures of calcium metasilicate 
and nn'tatitanate, and found two breaks in 


Mixhiresof Calcium iMetaN^icatoand 
Metal itanate. 


the cooling curve. The upper ones correspond with the crystallization of* the 
mixture to form homogeneous solid soln., and the lower one 48 produced by the 
resolution of the solid soln. into the component metasiheates. The f.p. cuive has 
a minimum at I42(r and 33’4 molar per cent, of calcium metatitanate ; and the 
(lecomj)osition curve has a maximum at about 1350^’. J. J, Ebelmeii observed 
gVeenish-yellow crystals of titanite were formed in fused mixtures of titanit', oxiih* 
silica, and an alkali or alkaline earth carbonate. F. Fompie and A. Michel- L/ivy 
made a similar observation. P. Hautefeiiilh* im'lted a mixture of silica and titanic 


oxide or rutih' with an excess of calcium chlorule ; if some manganese oxide is 
also ])ri'8ont the resulting crystals of titanite are rose-red. h. Bourg(‘ois, and 
S. Smolensky als^ observed the .separation of crystals of titanite from various 
magmas contakiing silica and titanic oxide. 8. Smolensky found the blue 
artificial crystals enclose small crystals * 0 ! perowskite. L. Michel found titanite 
cry.stals were formed by heatiilg mixtures of fltaniforu4ii iron, calcium sulphide, 
silica, and carbon. P. Sustschinsky, and K. van der Bellen observed titanite 
crystals were formed after heating to HtJtf a mixtfire of lime, quartz, and rutile. 

The coloyi of titanite may be brown, grejj;, yedlow, green, jose-red, and black ; 
and it may be transparent or o])a(]ue. Th» mondidinic crystals vary in habit ; 
thfy are wedge-shaped and flattened, or prismatic. The mineral is sometimes 
masHIve and compact— rarely lamellar. The cry.stals h^vc been studied by A. dca 
Cloiz^aux,7 C. Busz, W. If. Miller, V. Goldschmidt, F.* llessenberg, V. von 
Zepharovich, A. C. Lane, J. C. G. de Marignac, A. L^vy, G. vom Rath, H. B. Patton, 
A. Strong, H. (^redner, i\ Groth, H. Traube, R. Helmhackcr, F. Becke, 0. Mtigge, 
J. F. Kemp, F. Kretschmei', A. von fiasaulx, A*Sc»hrnidt, C. Palache, W. J. Lewis, 
I. Bachinger, L. J. Igelstrom, F. J. Wiik, G. Flink, A. von Klterlein, I). F. Wiser, 
E. Artini, A. Arzruni, J. D. Dana, W. G. Brdgger, J. F. Williams, P. von Jeremejefl, 
etc. The axial ratios, according tofV. des Clofzeaux, are a : 6 : c=0-7D467 : 1 : 0'8b42y, 
and j3=60° 17'. Both contact and miciflirn^ jxinetration twins are common, the 
former yielding forfns apparently hemimorphic. The twinning plane ( 1 00) is common, 
and (001) rare. Polysynthetic twinni^ lamella; occur sometimes giving rise to 
easy parting. Parting produced by twinning has been studied by P. von Jereraejelf, 
G.' H. Williams, and 0. Mugge. The faces 100 and (112) are often striated. The 
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deavage (llO) is distinct ; and (100} and (ll2) imperfect ; in greenovite^ the (111) 
cleavage is easy, and (111) is less so. According to C. Busz, the optic aiial angle 
2E -bT 20J' with Li-light,, 52*^ 29J' with Na-light, and 47° 54§' with^ Tl-light ; 
and 2r=29° 30^' with Li-jight, 27° OJ' with Na-light, and 24° 27 J' with Tl-light. 
The optic axial angles vary widely, but the effect of cbmposition is not clear. 
C. Bbsz observed no marked c*nange in the optic axial angles when the temp, was 
raised to 200° ; and A. des Cloizeaux found that at 26 5°, 2A'=53° 34' ; at 171°, 
2J^-55° 48'. ^ 

The specific gravity of titanite ranges from 3*4- 3'8 ; that of ytt^^otitanite is 
3*8. Tile hardness is nearly 5 ; that of yttrotitanite is nearly 6. 1. 1. Saslavsky 
studied the molecular volume and the compressibility. According to R. Cusack, 
the melting point of titanite is 1127°“! 142° ; A. Brim gave 1210°; S. Smolensky, 
1221°; and C. Doclter, 1230°. ,A. L. Fletcher found that various tifanites 

begin to show signs oi melting at about 1250° and 1350°; keilhauite melted 
at 1110°. According to L. Bourgeois, titanite when melt*ed is unstable, and it 
‘ furnishes [lerowskite, and calcium metasilicate. G. A. Kenngott said that the 
coloured varieties become paler when heated, but become darker just before fusion. 
C. Busz found for the indices of refraction of titanite, j8=l*8839 and y=l*9987 
for Li-li^it ; j3 -1*8940 and }/~2*0<)93 for Na-light ; and 1 *9041 and y— 2*0239 
for Tl-light. H. Rosenbusch found the pleochroism gave a almost colourless; 
5, yellow*with a greSfiish tinge; and c, reddish-yellow to brownish-red. C. Pulfrich, 
W. C. Rrogger, and T. Liebisch made observations on this subject. The optical 
character is positive. 0. W. Ilankel studied the pyroelectric propertiivs of titanite. 

G. A. Kenngott found that the moistened powdered mineral— calcined or 
un6alcined— reacts alkaline to litmus. The mineral is but partially dissolved by 
hot hydrochloric dcid ; it is completely decomposed by sulphuric acid ; but best 
broken down by cone, hydrofluoric acid. According to J. Bruckmoser, hydrochloric 
acid acts slowly at ordinary temp., and only a part of the titanic acid goes into 
,8oln. ; at higher temp, the decomposition is faster and almost all the titanic acid 
goes into soln. Tho residual silica has the properties of mesosilicic acid, H2Si2d5. 
J. Lemberg found that when titanite is treated with a soln. of magnesium chloride 
part of the calcium is replaced by magnesium ; but no interchange of bases occurs 
with soln. of sodium carbonate or silicate. A. Johusen found that the ferrous 
oxide in sphene could be oxidized by heating in oxygen, or redpeed by heating in 
hydrogen. L. G. Eakins noted the transformation of sphene into xanthitanc ; 
P. Mann reported the alteration of titanite into rutile ; B. Doss Observed pseudo- 
morphs of anatase after titanite and it. Schneider showed that titanite can be 
altered into perowskite; ' * 

G. Flink ^ found minute acj^mlar crystals, colourless or tinged violet or brown, 
in the pegmatite of Narsarsuk, Gre^'nland, and he called the mineral lorenzenite— 
after J. Loronzen. The analysis’ by R. Mauzelius corresponds with srjdium titanyl 
OrthodisiliOfttB* Na2(TiO).2Si2b7, in* which jiart of the titanium is replaced by 
zirconium. P. Groth reg^rd^d it as a salt of a polysilicic acid, Na2(Ti,Zr)2Si^09, 
with Ti : Zr-9 : 2. F. W. Clarke gives 4Na2{Ti0)2Si207.Na2(Zr0)2Si207. F.'Zam- 
bonini also regarded it as a double salt. The crystals belong to the rhombic system 
^nd have the axial ratios o : 6 : c~0*6042 : 1 : 0*3592. The (120) cleavage is distinct; 
the sp. gr. 3*42 ; the hardness 6- 6^ ; the optic axial angle 72° ; and the indices 
of refraction, a™l*7320 and y-=l*7786 for red light ; and a“l*7785 and y=l*7876 
for yellow light. The optical character is positive. E. E. Kostylcva described 
a mineral with the same compositi9,n as lorenzenite which was collected by 
A. E. Firsman in the pegmatite veins of Kh’biiiskii and Lovozerskii tundras. It 
was named ramsayitd, after W. Ramsay, the Finnish geologist. The mineral 
occurs in black or dark brown aggregates ; and possesses a metallic lustre. The 
fhombic crystals have the axial ratios o-: 6 ;c=l‘2116 : 1 : P6520. The (100)- 
cleavage is ptfcct; the (llO)-cleavage is less good. The sp. gr. is 3’43, and the 
hardness 6. The mineral readily fuses to a black** bead. The mean index of 
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refraction is 1*9 ; and the birefringence y-a=0*09 ; the diaprsion is strong ; and 
the pleochroism marked. \ 

G. Fli»k ® found a mineral which he named nltfsannikite in several localities 
near Narsarsuk, Greenland. According to F. W. (’larkc, C. Chri 8 t<‘n 8 eir 8 analysw 
corro 8 {)ond 8 with sodiwi titanitun dimesotrisilicat^, Ti(Si.^OHNa 2 )o, in which 
about one-sixth of the sodiunf is replaced by the uiflvalent /adicle FeO. F. Jlain- 
bonini represents it by the formula 6 NaaSi 40 (FcOo) 2 Ti 4 () 9 , which is regarded as a 
salt of tetr(Jtosilicic acid, H 2 Si 40 Q, where the silicon ia in part replaced by titanium 
and, may be, zirconium. The colour ia yeflow or reddish-brown. The tabular or 
cubic crystals belong to the tefragonal system, and have the axial ratif> n:c 
- 1 : 0-5235. The cleavage (J 10 ) is distinct. The sj). gr. is 2-751 , and the hardness 
7-7^. The indices of refraction are a>™l-5532, and c ^l-58i2 for Na-light. The 
optical character is positive. The mineral is not attacked by onlinarv acids. 

H. X. Brouwer described a mineral from Riistenberg, Transvaal, which he 

called D10l611Srftftfflt6^after G. A. F. MolengraafT. The analysig corn'spimds 
closely with that of yttrotitaniU‘ ; and F. W. (3ark(*^re])resent8 its composition as • 
a hydrated sodium calcium titanosiiicate, HNa 3 ra 4 Ti 3 Si 4 O 20 . Th(‘ yellowish- 
brown imperfect crystals are probably mtwioclinic, })ossibly rhombic. Polysynthciic 
twinning is common; the (l(K)) cleavage is perfect; th(‘ pk'ochroism i^ fe(‘bh‘ ; 
the refractive indices are a=-l-735, j3— l-77(k; *the optic axial angle 21^ - 50 *^ ; and 
the optical character is positive. • • , • 

(i. D. Louderback inentionott a titanosiiicate of calcium anil iron from loaipiin, 
California. H. Leitnieier called it jonquinitv It lias not been examined carefullv, 

G. Flink obtained a mineral near Igaliko, Greenland, which he calh'd neptuuUe. 

A sample from San Benito, California, was named carhhvte by G. D. Louderback. 
Analyses by G. Flink, W. M. Bradley, and 0. A. Sjdstrdin correspond with 
lV 2 R"TiSi 40 i 2 . The mineral is thus closely related to titanite. F. W. Clarke 
T(;garded neptunite as sodium ferrous titanium trimetasilicate, with part of the 
sodium replaced by potassium ; and pari of the bivalent iron by manganese : • 


(Na,K)--Si 03 SiO 
(Na,K) 'SsiO 


‘'(Fe,Mn) 

8 


The colour of the mineral is black, but in thin splinters, blood-red. Tlie crystals 
were described by 0. B. Boggild, A. Wallenstrom, G. Nordenskjold, W. K. P'ord, 
etc. According V) G. Flink, the prismatic crystals are rnonoclinic, with the axial 
ratios a : 6 : o~l-3164 : 1 : 0-8076, and jB*=-64° 22'. Twinning occurs about the 
plane ((X)!) ; the (110) cleavage ii distinct. ThA)ptic a^.^ angle 2F -48"". The 
optical character is positive. The mineral is pleochroic. The sp. gr, is 3- 234, 
and the hardness 5-6. • 

P. C. Weibye, and T. Scheerer 12 found a miijj'ral on the island^s of the Jiangesund 
ftord, Norway, and named it astrophyllite -froj^i aarffov, star ; and i^uAAoi', loaf- 
in allusion to the stellate aggregation and foliated micaceous structure. .) . Lorenzen 
foundit at Kangerdluarsuk, Greenland ; G. Gtirich, orf th^ Los Island, Africa ; and 
G. A. Konig, at Pike’s Peak, Colorado. A yellowish -brown related mineral from 
Kola, Tjapland, was called by W. Ramsay and V. Hackman, lamprophyllUe. 
Analyses have been repoi^^ed by J. Scheerer, F. Pisani, C. F. Rammelsberg, H. BUck- 
strorn, G. A. Konig, and L. G. Eaki»s. BrOgger writes the formula 

R" 4 R' 4 Ti( 8 i 04 ) 4 ; and P. tjroth gave (K,Na,H) 4 (Fe,Mn) 4 TiSi 40 i*. The 00 m- 
positiorf varies, but the dominant molecule seems to be sodium potassium ferrous 
titanium orthosilicate, • * 

FoHi^iO** .^i0.3:FeK 

. PeHi^iO*^ SiOt^FeNa . 

with some ferrous •iron replaced by ^knganese and ferric-iron as FeOH". 
F. W. Clarke regarded the Colorado mineral as a mixture of 3 molar proportions of 
the above with one of Ti 0 Ht 8 i 04 =FeH) 3 . The colour of astrophyllite is bronze- 
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yellow or gold-yellow. The crystals are often elongated into thin strips or blades, 
sometimes arranged \u steMate groups. The faces are often striated. A. Norden- 
skjdld, and A. des Cloizeaux made the crystals rhombic ; H. Bucking, inonoclinic ; 
and W. 0. Brdgger, triclimc. The last-named later showed that the variation in 
the angle and optical chara‘cter earlier noted is probably i»i^hout significance, being 
duetto deformation produced By press. The axial ra'cios of the rhombic crystals are 
a:b:c~[ -0098 : 1 ;*4*7556. The (100) cleavage is perfect, and (001 ) very imperfect. 
The percussion figure on a cleavage surface has two rays crossing at 81°-65°. A. des 
Cloizeaux gave for the optic axial an^le 2Bro~118°-124° 11' with the red ray, 
and 2f=103° 25'; H. Bucking gave for the Li-ray and 124® 52' 

for the Na-ray: and W. C. Brogger, 2^0=114" 3i7J''-123® 28', and 2^=160® 
for wlyte light. A. des Clpizeaux found that raising the temp, to 146‘5® produced 
no perceptible c^iange in the optic axial angles. The sp. gr. of astrophyllite is 
3-324"-3’375 ; and the haidness is 5 . A. Michel-L6vy and A. Lacroix gave for the 
indices of refraction a=:l ’678, /3=1 703, and y~l *733 for yehow light. The crystals 
are pleochroic, a~deep orangc-red, h~citron-yellow, and orange-yellow. The 
optical character is positive. The mineral is decomposed by hydrochloric acid 
with the separation of flocculent silicic acid. 

According to F. W.* Clarke, the minerahjohmtrupiic and rinhtr, titanium silicates 
— can bo regarded as-fluoriferous astropUyllites. In the former, a little zirconia, thoria, 
and ceriiwnay reprice eome titania. Jolmstrupite is es.sentially a hydrated SOdlum oalcIuiD 
tltaniun^orthosllloate, with some corous fluoride in place of sodium : 

(Ma= 8 i 04 . Si 04 -:=CaH 

CaNa^Si 04 ^ Ssi 04 ^Na(CeF 3 ) 

anfij^inkito is sujiposed to ho a mixture of ,3 mols of Ti(Si 04 ^('aNH) and 2 mols of 
TiFrr.Si 04 -~Ti { 8 i(> 4 H“(,^a(CeF,j)} ,. Ho also represents momndnlv -vide rare earths — by 
4 RiF(Si() 4 =r.ORH) 3 . 1 {(OH)|Si() 4 ^HNa{Ce(OH)^,} J 3 , where K is used in place of Ce'' : Zr : Ti 

S. Smolensky found that barium motasilicate and metatitanate give a com- 
plicakd system, but determined only the m.p. of binary mixtures with the following 
molar percentage projiortions of Ba'riOg : 

0 l(V8 21*4 31-9 42 1 52 2 02 1 7 1 8 

ra.p. . . . 1470'’ 14«r 1450" 1420" 1405" 1.376" 13S4" 1406" 

G. D. liOinlerback found crystals of a mineral which he called benitoite associated 
with the, neptiinite and natrolito near the head waters of thf San Benito lliver, 
California. 'Phe comiiosition approximates barium titanotrisilicate, BaTiSi 309 ; 
this would make benitoite the barium salt of tcterosilicic acid, H 2 Si 409 , with an 
atom of silicon replacA'dt by one of titanium. E. H. Kraus considers the mineral 
as a metasilicato isomorphous with beryl, Ba 2 Ti 2 (Si 03 )Q, but W. C. Blasdale has 
shown that the titanium is not likely to be basic. F. W. Clarke regards benitoite 
as a barium tikmyl W(?,soffmto<r,*TiO^^H^i 30 g-^Ba. The ditrigoni^l crystals were 
found by G. D. Louderback* to have the axial ratio « : c— 1 : 017326 ; C. Palache 
gave 1 : 0 7319 ; and B. Jez^k, 1 : 0*7353. F. Rinne found that the X-radiogyams 
of benitoite correspond \Gth the ditrigonal bipyramidal class. The colour is Visually 
sapphire blue to light blue ; colourless or green crystals are rare. The miiu^ral is 
used as a gem-stone. G. D. Louderback, and B. Jezek gave 3*64-3*67 for the 
sp. gr., and 6J-6J for the hardness. C. Hlawatsch found the indices of refraction 
for the D-lino to be w— 1*756, and €—1*802 ; C. Palacljc gave co— 1*77, and e— 1 *80. 
The mineral is strongly dichroic, t being deep blue, and a>, colourless. Benitoite is 
insoluble in hydrochloric, but is decomposed by hydrofluoric acid. 

G. Flink found a white or greyish-blue mineral which he called leucosphenite 
— from Aevw, white ; and Wedg6 — occurring sparsely in the pegmatite 

at Narsarsiik, Greenland. The composition approaches that of pctalite or eudidy- 
mite ; and R. Mauzelius’ analysis colresponds with Na 4 Ba(Ti 0 ) 2 (Si 205 ) 6 , which 
'makes leucosphenite sodium barium htanyl mesodisilicate. P. Groth, writes 
the formula BaNa4Ti2Siio027, where the titanium is, anionic. F. W. Clarke writes 
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the formula Na3Ba2Ti4(Si30g|7. F. Zambouini makea leucoaphenite a double salt, 
BaSi40jj.2Na2TiSi309. G. Flink found that the monoAinic c/ystals have the axial 
ratios a : 8 : c=0‘58l3 : 1 : 0*8501, and 23^ The crystals are W(*dge-.shafH'd. 





j3=l‘6609, and y=l ‘6878. The optic axial angle 21" —79'’ 2G» for the red ray, an<l 
77° 4' for the yellow ray. The optical 
character negative. Leucosphenite 
is decomposed by hydrofluoric acid. 

A titanium ultramarine ttf a green 
colour has been reported by F. Singer ^ 
to be •formed when the zeolitic sub- ^ 
stance, with a composition approxiniat- 
ing Na20.Al203.2Ti0.?.4H20, is treated 
with sodium sulphide. > 

S. Smolensky measured the f.p. of J 

binary mixtures, of manganese meta‘ 1,000 V pi' l It 1 1 | J i [ 

silicate and metatitanate, and obtained 
the curves shown in FiK, 186. There is . ' 

a eutectiieroua senes with a cutectie at ,, ,,, „ •? , • , 

iio<w 1 00.0 i. f I'm 18o. — ri'Oozmi{-lM)intvurvoH of Atixturos 

f T‘- "/ «tM«ng«neseMotrJlie,.t«m.dMe..l.ii™,>.e, 
MnliO;,. Solid soln. are formed with 

from 38*3 to 10(3 molar }>er cent, of mangan(‘se metatitanate but not at the 
other end of the series. A d(‘Com})Osition of the solid soln. oeeurs at al}<)Ut 
1050^ 

A. Hri'ithaupt found black prismatic crystals of a mineral assoeiatc'd with 
the arfvedsonite of Greenland. He called it A*67/>ta//de - after V. Kdlbing- and 
another similar mineral was called eenigmatite- -from amyfia, an enigma- and 
regarded as a pseudomorph after kdlbingite. A<hiigmatite had a sj). gr. 3*833 3*8()3,* 
and kolbingite a .sj). gr. 3’G0-3*()i. J. Lorenzen showed that the crystals of lenigma- 
tite cannot be pseudomorphs ; and \V. C. Brogger sliowed that kolbingitt* 
i.s probably a parallel intergrowtli of arvedsonite and amigmatite. Analysi^s of 
a-nigmatite were ijgjiorted by W. C. Brogger, and H. P'drstner. The mineral is 
essentially sodium lerrous titanometasilicate, with part of the silicon rcjilaced 
by titanium, aiiH a small admixture of a basic .salt, KFe/"28iOo. J. Sdllner 
repre.seiited it as a mixture of Fe"2^e'"48i2t)i2 and (Na2,K2kFe)4(Si,Ti)40|2. 
The crystals approximate closely to tliosc of the monoc^mic amphiboles m habit, 
angle, and forpi. "The prismatic crystals of leni^matite, howevcir, are trielinie-. 
J. D. Dana recalculated H. Fdrstner « values for the axial ratios, and obtairu'd 
a : 6 : c-~() G7f8 : 1 : 0*3506, and a— 90°, 19'^ and Contact twin- 

ning on the (010) plane is common, and Inhere are twinning lamelluj giving 
stflations on the terminal planes and on the (l(X))-^ace. The jirismatic cleavage 
is diStinct. The sp. gr. is indicated above. The optic axial angle 2A’--G0°, 
according to W. C. Brogger. The optical character is positive. The pl(‘ochroism 
is wcll-marketl. The radioactive haloes were studied by 0. MUgge. 

J. SOllner obtained triclinic ci^'stals of e^bltu k or.brownish-black mineral woinorphouB 
with {enigmatite but contaftiing less ferrous oxiQe 'and alkalies, and approximating 
(Ca,Na„K,)jMg 4 Fe/Te 3 '"Al 4 ( 8 i,Ti),O 30 . The nSineral was first found in the KliOn 
district, and called rkdnite. The crystals are short prisms or tabular ,* tlie twinning plane 
is (010) ; the cleavages parallel to fllO) end to (110) are good. The sp. gr. is 8*687. 

H FOrstner found minute black crystalrin the liparyie lavas of the Island of J^antellaris 
whose ancient name jvas Cossyra ; and he called 1 1^ mineral c^syrite. Analyses were made , 
by J. Sollner, and H. FOrstner. The con^osition anil, iTystal fojm wore shown by 
W. C. BrOgger, J. SoHner, B. Gossner, and FOrstner to be like those of lenigmatite. The 
sp. gr. is 3*802; the hardness is 6 J ; the index of refraction is near that of hornblende, 
emd the double refraction is fe^le. The mineral is but little affeided by the ordinary acids, 
but is completely decomposed by hydrofluoric acid. 
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For the so-called titanolmne,^ (Mg,Fe)2{Si,Ti)04, vide olivine. There are 
numerous titanifero^s py^xenes and amphiboles — e.g. the triclinic cBnigmahk 
(q.v,). A number of garnets carrying titanium have been reported by A. IDamour,^® 
A. Knop, A. Stromeyer, W. Petersson, A. Claus, G. A. Konig, F. A. Genth, and 
A. Sauer. The jiroportiohs here run up to l6’84 per dfeut. Ti02. The ferroti- 
taniiz of J. D. Whitney had 22^10 per cent. Ti02. C.‘(J. Shepard called this mineral 
sohorlomite, owing ..to its resemblance to schorl. The analyses ^proximate 
Ca3(Fe,Ti)2|(Si,Ti)04)3, or calcium diferric tetrorlhotilanatosilicate. ihe sp. gr. 
is 3-81-3 88 ; and the hardness 7-7^. it furnishes trapezohedral and dodecahedral 
crystahi belonging to the cubic system. C. U. ^?hepard regarded the mineral as 
hydrated silicate of ferric oxide, yttria, and possibly ^/horia ; but C. F. Rammels- 
berg, and G. A. Konig shoyred that the mineral is really a garnet. N. Nordenskjold 
obtained a mineral from Ivaara, Finland, which he called ivaarite. It^ closely 
resembles schorlomite.* H. S. Washington gave for the refractive index 1*94; 
for ivaarite, 2 01 ; and for melanite, 1*86-1*88. 

R. Rieke made some observations on the fusibility of mixtures of zirconia and 
clay. The history of zircon is discussed in connection with the history of zirconium 
{q.v.]. Although zircon is not itself readily altered, it is gradually hydrated and 
transforbied by weathering, forming a whole series of products containing 3-70 
per cent, of zirconia.; at the same time other bases like alkalies, alkaline earths, 
and the vare earthu “have been taken up, jiroducing minerals of great complexity. 
Most of them have been reported from Norway, Sweden, Greenland, and Russia. 
Some of the altered forms have received special names ; very few of them are of 
general interest. T. Schoerer 20 described a brown mineral from Hittero, Norway, 
whcch he called malacone— from fxaXaKoi, soft“in allusion to its being softer than 
ordinary zircon. A. des Cloizeaux found malacone at Ohanteloube, Haute Vienne, 
occurring in thin plates 3-4 mm. thick ; and occasionally with crystals on their 
surface ; and he regard(‘d it as hydrated zircon. C. F, Rammelsberg said that 
^ without doubt malacone is eine Pseudomorphose des Hydrate nach der wasserfreien 
Verbindung. Analyses were made by T. Schecrer, A. Hermann, E. S. Kitchin and 
W. G. Winterson, k. C. Gumming, R. Hermann, and A. E. Nordenskjold. Malacone 
contains from 47-67 per cent, of zirconia, about 32 per cent, of silica, 3-4 per cent, 
of water, and traces of yttria, magnesia, iron oxide, and manganese oxide. 
V. M. Goldschmidt and L. Thomassen found that malacone fropi Hittero, Norway, 
contained hafnium. Idealized malacone approximates to zirconium dihydr03Q^- 
triorthosilicate, Zr3(Si04)3.H20— mV/e hifra. E. S. Kitchin and W. G. Winterson 
stated that it is one of the few minerals known to contain argon. From the radio- 
activity of the mineral,'" R. J. Strutt suggested some uranium is present, and 
E. S. Kitchin and W. G. Winterson found 0*33 per cent. UsOg, but A. C. Gumming 
found none. A brownish-yellow powder from Rosendal, Finland, was shown by 
A. E. Nordenskjold to resemble niamcono very closely. The crystaL of malacone 
were described by T. Scheerer,*E. ZscF.au, and W. G. Brogger. The sp. gr. is 3*9-4 05, 
and the hardness 6*5. . 

W. J. Knowlton found a mineral in the granite at Kockport, Mass., and he named it 
cyrtoUte -from Ifupros, bent — in allusion to the curvature of the pyramidal faces of the 
tetragonal crystals which appear like rhombio dodecahwlra. Analyses wore made by 
C, W. Blomstrand, J. Cooke, F. A. Centh and S. L. I’entield, and A. E. Nordenskjold. 
The mineral appears to be a brownish-reti va/iety of malacone with zirconia from 60-07 ; 
of silica, 26-28 ; ceria, 1 *4-2 *1 ; iron cxide, 2*6 ; water, 2 *2-4 *7 per cent. Although under 
ordinary conditions the dominant constituents of minerals are alone determined in analyses, 
the composition appears exceedingly coi^plex whei)^ the constituents present in smaller 
proportions are determined. For example, the following is coinpileti from three analyses 
of oyrtolite from Devil’s Head Mountain, C61orBdo, by W. F. Hillebrand ; 


810, 

Ta, 0 , 

SnO, 

ZrO, 

ThO, 

Ce,0, 

{U,DI), 0 , 

Br, 0 , 

v.o, 

19*90 

0*71 

0*03 

47*81 

11*6 

0*06 

019 ^ 

4*69 

2*63 

Fe| 0 , 

MnO 

CaO 

MgO 

K,0 

N 14 O 

H,0 

PA 

F 

5*46 

0*46 

2*02 

0*12 

0*19 

0*46 

12*61 

1 44 

0*36 
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0. Heveey and V. T. Jantaen found 9 per cent, of h^fnia in cyrtolit© from tlie United States. 
This was previously included in analyses with tiie sirconia. W. Clarke represented the 
mineral as llrcoiUum oetohydroiydiorthosllloate, i5r(Sib,),(0H),{H(Zr(),H,)i, - ndr 
in/ra. Tl!b sp. gr. is 3 •29-4 04; and the hardness 5-5-5-'-after ignition, the haniness is 
7-7 ‘6. C. VV. Blorastrand found a cyrtolitic mineral near Vtterby to wldeh H. lliiekslrt^in 
applied the term anderpwgtte. TIA mineral is lioney -yellow to coal-hlaok in colour 
and is microscopically amorplwus, but with a pseufiomorphous tetragonal forr^. It 
was analyzed % A. E. NordenskjOld, and G. K. AlmstrOrn ; it apjiroxiinates 
2 Ca 0 .R, 05 . 6 Zr 0 j. 8 Si 0 j.l 2 H, 0 . F. W. Clarke’s view of the coiistiiiition is indicated 
below. Th#&p. gr. is 3'28'3'33 ; and the hardness 6*5-0. 1). Forbt« and T. Dahll found at 
Alve and NarestO, Norway, crystals of a reilifish -brown mineral which they calUnl alvlte. 

It also occuA at Ytterby, Sweden, tit is a zirconosilicate of the rare earth metals, 4 *alcuim, 
magnesium, beryllium, copper, aluminium, and zinc, and a small proportion of wat-er. 

V. M. Goldwhmidt and L. Thomassen found that alvite from HitterO, Norway, containeil 
some rare earths, tun^ten, yttrium, thorium, manganeije, and hafnium ; ayd they 
represented its composition by the formula (Zr.Ha.ThjO^.SiO*. if. *Hevesy and V. 'P. 
Jantzeif found 10 percent, of hafniain alvite from KragerO and tliis was formerly reganled 
as zirconia. The analy|i8 of the Ytterby mineral was ropdVted by A. E. NorileiiskjOld, 
and it appears different from that of 1). Forbes and T. Dahll— but the ^vnalysis by the 
latter is not satisfactory'. B. Szilard, W. C. HrOgger ayd co-workem, and R. J. Strutt * 
have mode some observations on this subject. The coria earths amount to 3’9H per cent. ; 
the yttria eartlis, 22 per cent. ; and zirconia, 30*5 (»1 4 per cent. F. \V. Clarke's view of 
the composition is indicated below. The crystals are tetragonal, optically isotropk-, forming 
pseudoraorphs after zircon. The sp. gr. is 3 3-4 3 ; and the hardness 6 0. V. C. vVeihye ** 
found dark reddish-brown crystals in gneiss n^r'KragerO, Norwo^', to which he applied 
the term tachyaphallte— from raxvs, quick ; and &<f)ciXTos, flying yiei'cs- m allusion 
to the ready separation of the mineral from the gangue when struck. N. .1. Berlin’s analy sis 
gave : zirconia, 38 96 per cent. ; silica, 34-68 ; thoria, 12*8 ; iron oxide, 3 7 ; and ^Hter,H-6 
percent. Its sp. gr. is 3 '6; hardness, 5 6. G. Korchhammer apjiliod the Unin oerstedlte 
— after H. C. Oersted — to a reddish-brown mineral from Aromial, Norway. It has 08 O 
per cent, of zirconia; 19 7, silica; 2'05, magnesia; 201, lime; and 6*5 of water. #118 
sp. gr. is 3*629, and hardness, 5*6. 1*. C. Weibye found that jho rninoral always 
crystallized in the form of zircon. R. Hermann applied tho term auerbachite, to a brownisli- 
coloured crystalline mineral found by J. Auerbach m Mariupol, Russia. It lias 66*18 
per cent, zirconia ; 42*9, silica; 9*93, iron oxide ; ami 0*95, water. Tho sp. gr. is 4 DO ; and 
the hardness, 0*5. Tho mineral was also studied by N. von Kokscliaroff, B. von Jeromojeff, 
and J. i). Dana. * 

Analyses of zircon have been reported by M. H. Klaproth, ‘-'i L. N. Vaihjuelin, 
M. H. Cochran, C. W. Nylander, A. Corsi, A. Liversidge, F. A. (leiilh, G. A. Kdnig, 
K. von ChrusUschoff, A. Osann, J. J. Berzelius, T. S. Hunt, C. F. KammelsbiTg, 
G. Grattarola, G. Woitschach, G. P. Tschernik, P. J. Holmquist, A. Schmidt, 
A. Knop, C, M. Wtherill, W. Gibbs, J. F. John, W. Henneberg, ('. F. Chandler, 
J. P. Cooke, W. J. Knowlton, A. Dainour, R. Hermann, N. J. Berlin, etc. G. von 
Hevesy and V. T. Jantzen reported 1 * 3 -^ per cent, of hafnium (or celtium) dioxide 
in samples of zircon from vaiious localities. The (^yiposition of the purer 
varieties of zircon, apjiroximates to that of zirconium orthosilicatCt ZrSi04, or 
Zr02.Si02, with up to about 3 per cent, of tlioria, yftria, and other oxides. Zircon 
is cither an i^omorphous mixture of the two t^ides or a zircoryum silicate. Since 
the ratio Zr02 ' ^^^2 various analyses wies between 39 : 44 and 30 : 05 , and 
sin^e the mixture I : 2 behaves very like zircon, C. Doelter and K, Dittler^-t incline 
to believe that zircon is an isomorphous mixture of tire t^o oxidi'S. W. Brdgger 
regards zircon as zirconyl metasilicato, Zr0.Si03, and, in agreeinent with P. J. Holm- 
quist, writes this graphically 0 — Zr —02 --Si- 0 . This view is based on the close 
morphological relation^# between zircon, rutile, and cassitiirite. The minerals 
cassiterite, SnSu04 ; rutile. TiTi04 ; zijcon, Z^3i04 ; thorit-e, Th8i04 ; p 5 lianite, 
MnMn04 ; plattnerite, PblA)04 ; and xenotime? YPO4, are analogous in form and 
composition even if they are not striqtly isomorphous. The absence of any infor- 
mation as to the moL wt, of a mineral is taiRtly considered to be a license to adopt 
any desired mol. wt. F. W. Clarke ^ufnes^ the tetradic association Zr4(Si04)4, 
in order to harraonke the constitution of zircon with those of some related minerals. 
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The space lattice of the zircon family, as revealed by the X-radiograms of 
L. Vegard, and C. M. ,Williilnis, shows that the silicon and zirconium atoms are 
arranged as atomic centres in tetragonal lattices of the diamond typef and the 
tetragonal arrangement is nol produced by the atomic centres but by the tetragonal 
arrangement of the oxygen 'atoms. C.^onsequent^, the laft*ce has a kind of mol. 
structure with units oj the t^e MO2, where M represents an atom of silicon, 
zirconium, titanium, or tin ; the three atoms form one mol. and are situated on a 
straight line with M in the central position. The straight line or mol. axfe is always 
perpendicular to the tetragonal axis. I’lie distance apart of the atoiqs, and the 
geometfical relations of the lattice vary with the^nature of the central atom M. 
This supports the view that the groups MO2 form chemically bound molecules. The 
space lattice of xenotime dqes not belong to the zircon type, for there is a different 
arrangement of tfie* oxygen atoms. ^ In xenotime, the oxygen atoms are ar/anged 
in groups of four around*ea«h atom of phosphorus so that tlie space lattice gives the 
constitutional {ormulm YPO4 and Zr02.Si02 respectively fo^ xenotime and zircon. 

• The specimens of the minerahthorite examined by L. Vegard preserved the outer 
form isomeric with zircon, but internally, the crystals had become isotropic. The 
space lattice was completely broken down,mnd no X-radiogram cpuld be obtained. 
The absofute diimmsmns of the sjiace lattices of the zircon group ar(^ indicated in 
Table XXXI. M. Huggins fouifd ,the structure of zircon resembles that of 

‘ f 

Tabm-: XXXI. — DiMiflNHioNs OF TiiK Spack Latticks of thk Zircon Family. 
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rutile; and A, Johnsen discussed the structure and symmetry of this family of 
minerals. 

(yousiderable amounts of ferric oxid,^. are present in some zircons : thus, 
G. A. Kdnig found 9’2 ji^r cent, in a zircon from Pike’s Peak, Colorado, and this 
gave for the formula ZriQFe2SiiQ04*3. Feme oxkle is present ii\ all natural zircons 
— may be in solid soln. or as at. iron zirconate. Similarly the cerium and yttrium, 
often present, may be there as a splk^ soln. of silicate or zirconate of th(*se (dements. 
Anderbergite may be regarded as ha)(ing a composition : 




eY 

ECali 


-fdHjO 


Alvite may be n'garded as a mixture of two compounds, Zr(Si04)4(Zr0H)4 plus 
Zr(Si04)4(Be0H)i2. According to this hypothesis, these minerals are salts of a 
dodocabasic zirconalosUicic add^ H|2ZrSi40i2. The water present in many zircons 
may represent zircon altered by ‘ hydration. The dehydration experiments of 
F. Zambonini fit very well with the assumption that hydrated zircon is simply 
zircon with variable amounts of dissolved water. F. W. Clarke, on the, other hand, 
assumes that the water is intrinsically ’associated with the molecule. Thus, he 
regards malacone as the first hydration derivative ; and the analyses of some 
cyrtolites correspond with a still further stage, namely, (H0)5,Zr|H(Zr02Ho)[2, in 
which part of the ZrO^^Ho niay be replaced by other bases. Thus, anderbergite 
has a composition corresponding with : 
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I!m 04 

Malaoonc, 


/OH 

^.OH 

\Si 04 ~H(Zi<)jH,) • 
Si 04 ~H(ZK) 4 H 4 ) 

• Cyrtollte. 


.Si04-™ZK)H 

\ Zr<8iO.=Y 

• Si04^Zr0H 

• Anderbcrgiio. 


The minerals elpidiU*, lime-cat^pleiitc, and soda-CHtaf>leifti* r^]m‘sont more advifticed 
stages in the hydration and replacement of zircon ; thus : • 

HO •^8i,0,SNaH, HO Zr HO Jill 

HO^ . .SijOj-NaHa ^Si,0,^('aNa HO^ '‘’■‘^ijO.^'aj 

Klplditc. Liino-CAtaplelltc. Hoda'OAtuplciinv 


On the other hand, F. Zarnbonini regards the water in these minerals as CjVtrinsic 
and not intrinsic or constitutional; and he regards elpidite its* a mi'tadisilu'ate, 
Na)Zr9la0i5.3H20, and catapleiite, Na2ZrSi30j.211.>0, t]ia1»is, O^^Zr Si , (>8 Na., 
+2H2O. • “ ■ ‘ 

Zircon is common in nearly all kinds of ign(‘ous rocks, jiartu-umrly the more • 
hiliceoiis ones like granite, syenit(‘, diorite, etc. H. Thiirach,-'' W. (\ Hrbgger, 

T. L. Watson and F. b. Hess, etc., have ^liscussed this subject, It seems to be one 
of the earliest nfliK^rals to crystallizi* from cooling ro(*k ryagmas. liti<t(*a(l of 
zircon, complex silicates like the zircon pyrofcenes may be /onm‘d. Zireon has 
been repeat(‘dly obtained synthetically. A. Daubree, H. JL'. l)e\ill(', and 
H. ( )aron made it by heating zirconia in a current of silicon tetrachlorich'. Ij. St . (’ 
Devillo also made it by heating a mixture of zirconia and fpiartz in tin* same gas. 
The first stage of reaction is supposed to involve the formation of zirconium 
fluoride, which reacts with quartz n'generating silicon tetrafiuoride. A sntall 
quantity of this gas produces an indefinitely large amount of zircoit. \\ Hautefeuilh^ 
and A. Perrey obtained zireon by heating a mixture of silica, zirconia, and lithium 
molybdate to HtK) ’ ; and S. Htevanovic employed a similar process. W. K. (liirthu 
usial sodium metaborate as a^jent minnahmtrm. K. von (hrustschofT heati'd a* 
mixture ot gelatinous silica and gelatinous zirconia in a steel bomb at a temp, 
ajiproaching redness. ('. Friedel and E. Sarasin used a somewdiat similar jirocess 
Small crystals of zircon are not uncommon in granites, basalts, syenites, diorites, 
and many crystalline or igneous siliceous rocks. It is rarely found in basic igneous 
rocks like the gabbros and peridotites. Well-shaped crystals are also found among 
the heavier grains Bf sands, etc., derived from the disintegration of thesis rocks. 
Crystals of zircoi^ are common in auriferous and gem-sands, jiarticularly those of 
(Southern India, (Vylon, and Brazil. Ziftcon is ginned in North Carolina, where 
in the Henderson county it is extmeted (rom a decomposiil^jranite. 

The colour of zircon has attracted some attention. The crystals may bo traiis- 
fiarent or opaque, and colourless or coloured jiale yeTlow, pale grey, orang(‘-yellow, 
yellow'i.sh -green, brown i.sh -yellow, reddisti-brow^, or rod. Somg thin sections are 
.violet-blue. Tlie colours arc sometimes dist#ibute(f zonally. F. Sandberger^^ 
attributed the red colour of hyacinths to the presence of a small quantity of cuprous 
oxide. • This is improbable. W. Hermann showed that oxfde of iron is the probable 
colouring agent of zircon ; and that in green zircons lie fttund chromium and 
manganese oxides are present. T. Wolff, F. Sandberger, and G. vom Rath observed 
that rose and flesh-coloiyed crystals become paler when exposed to light ; and ■ 
G. F. Richter, and L. Michel poted that th« hyaciutli-red v|iriety become, s brownish- 
red when exposed to lights — rapidly in sunlight, sloVly in diffuse daylight ; when kept 
in darkness, the original colour is partially rejitored. C. Doelter observed but little 
change in the colour when exposed t# the arc-light, but in ultra-violet light, the colour 
becomes paler. T. Wolff, K. Simon, SaiMbiyger, and G. vom Rath found that, 
when heated, the colour is weakened. B. R. Geijer also*observe^ that the colour 
is destroyed by heat^ C. A. S. Hofmann ^Iffained similar results, and W. Henne-^ 
berg showed that thermoluminoscence accompanies the decolorization by heat, 
and the effect is not dependent on the colour. G. A. Kenngott found that byiieat 
VOL. VI. , 3 I 
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reddish-brown crystals became brownish-yellow and remained transparent. 
H. Traube found that yellfiiw and red crystals were decolorized by heat, and the 
colour was not restored on cobling. C. Doelter found that the tempo at which 
decolorization occurs in air is about 700®. E. Newbery and H. Lupton found that 
some Tasmanian hyacinths? became nearly coloiJrless whei^ heated in a hard glass 
tub«, and quite colourless in the Bunsen flame ; some French specimens remained 
yellow after 5 mins,’ heating in the blowpipe flame. The colour was restored 
quickly with the Tasmanian specimens, and slowly with the French specimens, on 
exposure to radium rays. All the cryftals which had been recoloured by radium 
lost tlfcir colour at a temp, lower than was originally required to d(*colorize the 
natural crystals. G. Spezia concluded that the coloration is not produced by organic 
matter^ and that the colour changes are not simply produced by raising the temp., 
but that the coloflr of zircon is produced by the state of oxidation of the iron — 
varying when heated m oxidizing *or in reducing atm. K. von Kraatz-Koschlau 
and L. Wohler said that when iron is present, it is not uniformly distributed and 
cannot therefore be the cause of the uniform coloration of these minerals ; and they 
showed that the loss in wciglit which occurs on heating corresponds with the loss 
of organic matter. G. Sfiezia empha8izo^l the fact that heating the decolorized 
mineral in an oxidiyjng atm. restores the colour ; and when this is again heated in 
a non-redu{;ing atm„ it is not decolorized. Again, some crystals arc not decolorized 
if heate I in a ,nonr-reducing medium. He thinks that when organic matter is 
j)re8ent, it affects the coloration by iron as a reducing agent, but does not colour the 
mineral per se. 8. Stevanovic confirmed G. Spezia’s observations, and concluded 
that then; are two tinctorial agents in the hyacinth — one is a volatile organic 
substance which exerts a reducing action so that crystals containing only this 
agent remain aft( r its removal. The other agent is non-volatile, can be reduced , 
and oxidized, and is possibly a compound of iron. From his experiments on the 
action of radium rays, C. Doelter concluded that it is unlikely that an organic sub- 
j stance is the cause of the coloration ; rather is it more jirobably a colloidal substance 
which is not stable when heated. 

Theeuhedral crystalsof zircon are commonly short jirisms. Fig. 187, but frequently 
long prisms arc found. Large crystals weighing lU'arly 6 kgnns. have been found 
at Renfrew, Ontario. Anhedral crystals are not common in igneous rocks, showing 
that the zircon must have been one of the earliest crystals to separate in the magma ; 
it is also common as inclusions in other minerals. The large'/ crystals sometimes 

contain inclusions of other minerals — 
possibly apatite and glass. F. Rutley27 
eJ^)IaineJ the raising of the sp. gr. by calci- 
nation as an effect of , the expulsion of the 
liquid (water) and gas inclusions. The crys- 
tal belong to the ditetragqpaldipyramidal 
class of the tetragonal system, and, accord-^ 
ing to A. T. Kiipffer, have the axial ’•atio 
a : c- I : 0-640373. The crystals w';ro ex- 
amined by J. B. L. Rome de I’lslc, 
R. J. Haiiy, and F. Mohs, etc. Numerous 
other observatioi s have been made on the 
form of the crystals. The angle (111): (110) 
with zircon, ZrSi04, is 47° 50' ; with rutile, 
TiTi04, 47° 40'; and with cassiterite, 
SnSnO*, 46° 27'. This resemblance is taken 
to indicate that if these minerals are not 
strictly isomorphous, they are at least 
analogous in form and composition. Iwinniiig is rare. Tlv) composition plane is 
(101). The geniculated twins resemble those of rutile and cassiterite. They are 
not found with crystals in igneous rocks. Large twinned crystals come from 
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St. Jerome, Quebec. The claavage parallel tp 110 is imperfwt and that parallel 
to (111) is less distinct. H. Traube studied the oolVosion flgoras with molten 
potassiui* hydrofluoride; and C. Doelter and ®. HussaC, etching with fused 
basalt. G, Grattarola found the optic axial angles 2^— 19° 44' 10", and 
2F=10M'28". Th^ X-radiogAun of zircon has been discussed in connection 
with the space-lattice —vide snpra. • • 

The specific gravity of zircon has attract'd some attention. , C. A. S. Hofmann 28 
made a coilection of the determinations which had been made. W. Henneberg, 
and L. F. Svanberg noted that the sp. gr. wiA augmented by calcination. A . Damour 
emphasizecf the fact that the sjt. gr. of different zircons ranges from 4 04,V4 ()74 ; 
and he noted that the sp. gr. is increased by calcination without change in the 
chemical composition. He concluded that the zircon exists in different allotropio 
states. A. H. Churc‘h made a similar observation. H.*de Siuidrbiont, amf A. des 
Cloizeatix then showed that the refractive iiufices of lights and heavy zircons arc 
different. R. Kdchlin*tried to establish a relation between the sp. gr. and colour. 

R. Kttchlin found green zircons have a sp. gr. l>etwcei»4 04 and 4 20 ; j>ale grwMi, 4 09 * 
and 4i6 ; yellowish-green, 4 21 and 4 39 ; dark yellow-green, 4 22 and 4'2;i ; dark gitM>n, 
4‘08 brownish-groen, 4 20 and 4*27; greinish -yellow, 4*27; greenish -brown, 4T*0 aiul 
4*70; yellow, 4 ".38 And 4*01 ; yellowish-orange, 4*00 ; orange, 4 *40; redd ish-yelAow, 4 53 ; 
browmsh-yellow, 4*50 ; reddish -yellow, 4 •08 ; reti,, 4 r)7-4 04 ; darjt red, 4 70 ; browi.isli 
nnl, 4 01 ; yellowish- brown, 4 40 and 4*70; rediMsh-brown, 4 00 and»4 09: bluiHh, 4 *44 and 
60; pale violet, 4 08; bro wnish- violet, 4*00 ; and colourless, 4 74. •* * • 

K. Kbchlin assumed that zircon exists in two forms, and that intermediafe forms 
with a sp. gr. 4‘3o-4‘55 are isomorphous mixtures of the heavy and light varietips. 
As L. J. Spencer has emphasized, a low s}). gr. is not alone suffieieiit to establish 
the existence of a special modification. S. Stevanovic inferred that there ar(‘ three 
related forms of zircon, with properties indicated in Table XXXII. This hypothf^sis 
cannot be regarded as established until the eipiilibrium conditions of the alleged 
allotrojies have been ('lucidated. On calcination, j8-2drcon passes into a«2drcon ; 
but y-zircon does not chang<‘ on calcination, and hence S. 8t(‘vanovi(t assumed* 
that an unknown element closely ndati^d to zirconium is present. This has not been 
confirmed by the fractionation of zirconium. 


Tabli-j rnoi’EimK.s of thk Diffkuent Forms ok ZmeoN. 
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R. tKdcblin showi'd that the hardness of zircon ^ari^s with the sp. gr. The 
samples with a sp. gr. below 4*3 are softer than quartz, whila those with a higher 
sp. gr. are harder. Normal zircon, for instance, with a sp. gr., 4*7, has a hardness 
between 7 and 8. K, Mj^dclun^and R. Fuchs gave 3 01 X 10~*2 dyupg per gq, 
for the coeff . of compressibU^. F. Pfaff 2S gave fp^ the coeff. of thoTmal expansion, 
0*056264 in the dirwtion of the c-axis, and O*!)^! 1^540 in tfic direction of the rt-axis ; 
and H. Fizeau gave O O5443 parallel tp the c-axb and 0 0 q 233 in if rlir(‘ction per- 
[^ndicular to the c-axis, H. V. Rcgnault Save 01 4558 for the specific heat of 
zircon between 24^^ and 99®; and H.*Koj^), 0*132 between 16® and 47®. Zircon 
caimot be fused befbre the blowpipe, and R. ( iisack dj(k not succeed in fusing the 
mineral. E. D. (bailee, and A. Damour^ nfelted zircon to a white enamel in the 
oxyhydrogen blowpipe flame;. and by heating it in a flame fed with warm^ 
oxygen, G. Spezia fused zireem to a white enamel. A. Brun gave about 1900® for 
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the melting point of zircon, and A. L. Fletcher found cyrtolite does not flow 
freely at 1560°. C. Mati^on observed that natural crystalline zircon did not 
‘ melt at 2126°, but at 1800S, dissocia- 

tion could be observed, and at 1900°, 
derfse white .^mes of silica appeared ; 
the reshlue melted at 2600° ; zirkitc 
did not melt at 1950°. E. W. Wash- 
bum and E. E. Libinan- found the 
m.p. of natural zircon to be near 
255(F, and a mixture of zirconia and 
silica in oqui-molar proportions melts 
at the same temp. The portion of 
the m.p. curve so far determined is 
indicated in Fig. 188. There is a 
. eutectic betwfJen zirconium dioxide 

• nOldr per cent. o/Oi zircon melting in the neighbour- 

Fki. 188.- Moiling Points of lbiiaryMixtiirc.s hooil of 2300°. The observed data 
• of Zirconia and^Silioa. . 

• are . 

ZrO., :Si(). . 1 .**0 3:1 2:1 3:2 1:1 2:3 1:2 1:3 

Meltisat. ‘ . 27^0" 2(>8r)° 2400^ 2r>.3()" 2420^ 2420’ 2420“ 

• t * * 

Tin; indices of refraction of zircon of sp. gr. 4‘6r)i are given by S. Stevanovic 3o 
(u "1’91778, and €- 1*97298 for wave-length 6563: co — 1*93015, and €- 1*98320 
foj: wave-length 5166; and a)-4*94279, and €=1*99612 for wave-length 4862. 
D* Brewster gave for normal Singalese zircon, a>=l *961, and €=2*015; A. des 
Cloizeaux gave co r4*85, €=1*86 ; H. de Semarmont, for one of sp. gr. 4*636, a>=l*92 
and €=1*97 for red light ; M. Sanger, a>=l'9239 and €=1*9682, and for a sample 
from Miask, cu -- 1*9313, and €=1*9931 for Na-light. For doubly refracting olive- 
green beccarite, sp. gr. 4*654, (1. Kalb gave for the blue zircon of Siam, 60=1*9180, 
* €=.l'97fi(t,aiiil < ■cu-OO.WJ for Li-light; o>--- l<)2r)r), 1 9847, and £ -lo .-()i)5!l2 

for Na-light ; and 6u = 1*9326, € = 1*9920, and € -co: - (H)594forTl-light. G.Grattarola 
gave a-- 1*9272, jS 4*9277, and y 4*9820. A. Damour proved that the index of 
refraction decri'ases with the sp. gr. of zircon. S. Stevanovic found that with Na- 
and Tji-rays respectively, the index of refraction of natural zircon was 1*8163 and 
^ 1*8259 *. after a mild calcination, 1 8067 and 1*8125 ; and after'ii strong calcination, 
1*7872 and 1*7914. Thebirefringenceof zircon is strong, € -co 0*062. 11. Kochlin 
found that a zircon of sp. gr. 4*44 with a zonal .Htructure had diflerent double 
refractions in (lifferentqjftrts ranging fromp*O22-'0*O38. J. Babinet, A. Breithaupt, 
and A. Madelung showed that zircon crystals may be optically anomalous in that 
a basal section rarely gives a normal uniaxial 6gure, for the black cross is usually 
broken into a nui^ijber of lemnlsc^’le or hyperbolic brushes. B. A^ von Sachsen- 
Ooburg assumed tliat the eflbct is due to polysynthetic twinning. 11. Kosenbusch 
said that the microscopic zircons do not show the effect. E. Mallard accordi’igly 
argued that the crystal^’ are really mimetic twins of monoclinic individusls, but 
R. Brauns said that the effect is due to mechanical strains. W. Klein produced 
the effect by irregplar heating. A. des Cloizeaux found that the effect of raising 
tlie temp, from 14°- 186° was not appreciable. A. Made^nng found that beccarite 
is made biaxial by heat. ^ * ' , « 

H. Becquerel measured tin? absorption spectrum of uraniferous zircon, and 
obtained the Tesults illustrated by Fig. 189. According to A. H. Church and 
C. A. MacMunn, the absorption speefrum of Shigalese zircon has dark bands with 
the strongest absorptions where ^=-689*5,* 683*5, 661, 653, 622*5, 616, 589, 562, 
538, 515, and 484. V, von Agafanoff found that plates of zircon are transparent 
or ultra-violet light as far as the cadmiiftti lines 7, 8, and 9. Wq W. Coblentz showed 
^that with ultra-red light there are absorption bands at 2*1 /a, 3*lfA, 3*6/x,and com- 
plete opacity beyond 5/i. T. Liebisch and H. Rubers studied the reflecting power 





kuCON 853 


of zircon for the long infra-red rays. According to W. Haidinger, the pleoohroism 
of zircon is usually feeble. Brown Singalese crysj^als liad cp reddish-brown, and 
e, green. Observation.^ were also made by E. Hussak, and 0. H. F. Ulrich. 
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Fni. 189. — The Ab«orpti»m Spwtrum of Zircon. 
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R. J. Strutt studied the radioactivity of the zircon mineriil.s^nd foniu], mala- 
cone, aliute, and cyrtolite exhibited the stronge^st radioactivity, and these minerals 
contain thorium. He fjund Kaade-Moss alvite with t cent, thona pos.sessed 

had a radioactivity I HI in millionths per cent, of that of radium bromiji' ; (’arolmian 
zircon, () ,307 per cent.thoria, ()‘3() ; Virginian zirconf()217 jut cent, thoria, 0'r)2 ; 
Idano cyrtolite, bOf) per cent, thoria, 8-98; and llittero malacone, Mb jier cent, 
thoria, UlO. He glso found the radioactivity of Ural zircon to be 805 X 10~'~ grm. 
radium ; Uarohnia zircon, ObHxlO'tJi ; Brevig zircon, 139xlt>^^- ; and Kimberley 
zircon, 74 8 xK)"^-. Observations were ma*ie*by V. Oockel, «ind (\ Doelter and 
co-workers. A. Cumming found that when radioactive iMlatone is ‘digi'sted 
with hydrochloric acid, the radioactive substance jiasses into soln. and thecesidue 
is no longer radioactive. He found no uranium present. E. S. Kitchin and 
W. VVinter.sou also made some observations on this subject. A. Piutti examined 
the relation between the radioactivity, helium content, and sp. gr. of a iiuniber*of 
zircons. R. J. Strutt found 12 c.c. of helium occluded per KMf grins, of llittero 
malacone. Tlie small circular coloured spots known as jileochroic haloes were 
studied by J. Joly and co-workers, and 0. Miigge. 

The bleaching action of light and heat on coloured zircons has beim pn'viously < 
discussed. K. Simon *^3 found that the temp. ne(‘ded for de(‘olorization defamds 
to some extent on the size of the fragments. T)n‘ pn‘S(*nc(^ of oxygen ndarils the 
decolorization ; the colour is more or h‘8.s restored by ex]) 08 ure to sunlight or to 
radium radiations. According to C. DocdtiT, dark brown and red zircons do not 
cliange when exposejJ to radium radiations ; but the paler zircons have their colour 
intensified. Zircons decolorized by heat have their original colour restored by 
exposure to radiufn radiations, although, js W. Hermann showed, the intensity of 
the colour may not be so great. Observations went also made by K. SSimon, 8. Jiind 
and D. C. Bardwell, and It. Brauns, ^e latter showed^that a colourless zircon 
was coloured by^a eftric. jireparation of radium, but^iot by a dil. one. M. Weber 
disciKSsed the pleochroic halo (levelo[»^(l m a zircon crystal in contact with a 
( ordierite crystul. E. Newbery and H. Luj>lon ^lowed^that all sfecimens of zircon, 
heated or unheated, showed a greenish luminescence when exposed to radium. The 
colour of the unheated ones was not chang(‘d, but the } 4 'atjj(i ones all regained their 
colour to a greater or less extent ; they also found that cathode rays restored the 
colour trf a decolorize(lcrystal,and the mineral glowed with a blue light ; R. Brauns, 
and C. Doelter showed that ultra-violat light weakened the coKiur of decoloriziMl 
zircon whose colour had Ifeen regdored by exposure.to radium rays ; but the colour 
of natural crystals was weakened in ultra-violet lijjht.* E. i^ewbery and H. Lupton 
found that the colour of a crystal which has been obtained by exposing di^colorized 
crystals to radium rays, is discharged by he%t at a lower temp, than was needed 
for the original crystal. W. Heiineberg^ibsepcd the tbermolominescence of zirorm 
during decolorization ; the non-luminesceiit vaiieties are not decolorized by heat ; 
and G. Spezia believed that there is some^ connection between the thcrmolumi- 
nescence and the colofir. A. H. Church said that the glow with a green zircon was, 
orange ; and D. Hahn, green. The subject was studied by F. P. Venable. K. Keil- 
hack observed that zircon pho^horesced when exposed to the X-rays. E. Newbery 
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and H. Lupton observed bjue and violet phosphorescence with radium radiations 
and with cathode ray^. Bf Bichat examined the action of the so-called N-rajS. 

" Zircon has a poor electrical conductivity. W. Schmidt 34 found*‘that the 
dielectric constant of a crystal from Ceylon was 12-6 parallel to the principal axis, 
and 12'8 perpendicular thereto. E. T. Wherry fiiund zird)* showed no evidence of 
the Vectihcation required by*a radio-detector. L.*Gratz studied the dielectric 
capacity, and B. Ba-vink, the uaagnetic properties of zircon. 

Zircon is not attacked by acids ; but when very finely powdered, it^is attacked 
a little by sulphuric acid. For the action of chlorine, and of carbonyl chloride—- 
vide zifconium tetrachloride. It is broken down 6y fusion with alkali hydroxides, 
and, according to J. C. G. de Marignac,^® by alkali carbonates, and hydrosulphates. 
R. Ho^nberger, and H. Traube found zircon is attacked by fusion with potassium 
fluoride, or hydrofluoride ; and Baskerville decomposed it by heatipg it to 
450“ in a stream of carbonyl chloride. For the hydration of zircon by weathering, 
etc., ride *' 

T. H. Loo doHoril)e<l u zirconium silicate from tlio CaUlus region, Minas Garaes, Brazil, 
which lio named orvillite — afku* Orville A. Derby — it had a composition HZrO^.hSiOj.OHjjO, 
and is 8ok»hle in a mixture of hydrofluoric aiui liydrochloric acids. It is possibly more or 
loss altered zircon. • 


R. Schwarz and A. Haacke 37 found that the m.p. of pure lithium orthosilicate, 
1249“, lowered by tha addition of zirconium orthosilicate in proportion to the 
cone, of the latter, up to 30 mol. per cent. ZrSi 04 , at which composition a pure 
eutectic is formed, m.p. U)21“. As the proportion of zirconium orthosilicate is 
still further increased, the m.p. again rises to a maximum at 1152“, the m.p. of 

^ octolithium trizirconium pentorthosili- 

' 1 cate, 3 ZrSi 04 , 2 Li 4 Si 04 . Further increasing 

^ r " the proportion of zirconium orthosilicate, 

^ /,/ 50 ' \ 

^ __ ^ \ i ZrSi 04 , to rise again subsequently, but cx- 

5 ' ^ 1 periments could not be continued beyond 

l^/,050' ‘ this point, as the mixtures could not be 

^ /,000'' fused in the furnace used. The two silicates 

350'''^ =»-— mixed c/’ystals. The mix- 

tures containing 50 mol. per cent, or more 
300 0 ^ ^ of lithium orthosilicate a/e readily attacked 

flUdr per cent. ZrSi(K ^7 cold water, the others by boiling 
Fia. I«0. - FroozinK-point Curves of warier. Those containing a high propor- 
Zirooiiium and Lithium Ortho^licates. f-imi of zirconium orlhosilicate resemble 
,, extremely hard porcelain. The sp. gr. in- 
creases from 2-28(Li4Si04) tp ar mtximum 4*024 for the binary compound, falls 
slightly, and again rises to 4 - 5 l(ZrBi 04 ). The mol. wt. of zirconium silicate, cal- 
culated from the deprespioi) of the f.p. of lithium silicate, corresponds with 'the 
simple mol. ZrSi 04 . 
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M. E. Chovreul,J>3 and ?. Berthier fused mixtures of zircon and potassium 
hydroxide, and after washing the cold mass, obtained white residues which, according 
to A. Knop, are Kieselsdur^reiej but D. E. Melli&s fusecTa mixture of zircon and 
four times its weight of. potassium carbonate for 2 hrs. in a platinum crucible; 
extracted the mass with water ; and obtained a microcrystalline powder with a com- 
position K 20 . 2 fr 0 o. 2 Si 02 , potasriumdiriUoorilX^^t^ KgZrSigOy, with asp. gr. 2*79. 
It was decomposed by hydrochloric acid. , L. *Duvrard melted a similar mixture 
for 15 mins, at a bright red-heat, ♦ and obtained rhombic prisms with the com- 
position K 2 O.ZrQ 2 .SiO 2 , or rotasrittXU s^oozircmiate, KaZtSiOs" L Ouvrard added 
,that when the fusion is continued for IJihrs., only crystalline* zirconia is obtained. 
The crystals were examined by G. Flink. They afift attacked by hydrofluoric acid, 
and kmmonium hydrofluoride. W. Gibbs fused zircbn with sodium carbonate as 
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indicated above ; boiled the coW cake with a cone. ^In. of sodium carbonate, 
washed the residue vrith luke-warm water, and obt4ned a white powder corre- 
sponding %ith80dilini silioolirconate, Na 2 O.ZrO 2 .SlO 2 , or Na 2 ZrSi 05 . L. Bourgeois 
included some silica with the zircon and sodium edrbonate, and after 21 hrs.’ 
fusion at a red heat, ejctfracted ttfb cold cake with dil. ^cid, and obtained rhombic 
prisms with a strong double refraction. They wereMecomj^)8ed by hot water f and 
‘with hydrochloric acid, there is a separation of gelatinous silica. T. Scheerer 
said that Sodium zirconate not silicozirconate, is obtained in this way. 

D. E. Melius boiled with water the cold fake, obtained by fusing a mixture of 
zircon with 4 tinlcs its weight of sodium carbonate, until no more •soluble 
matters were removed. T^e microscopic hexagonal plates had the composition 
Na20.8Zr02.Si02.11H20. The sp. gr. was 3*53. The salt lost water at an incipient 
red heat ; and it was decomposed by sulphuric acid. 

P. fierthior fused luixturcs of zircon, quartz, and nuvbh* in various })roportions 
contained in a earbon^crucible. When the proporti(»ns of zircon : (juartz : marble 
were 1 : 2*31 : 3 33, a transparent glass, .surrounded by a stony eru.st, wa.s produced ; • 
with I : 101 : 3*33, the mass was pulverulent and baked tog(‘tln'r ; 1 : 2 ()7 : 2 22 
was vitrified and porcelanic ; 1:3-34 *2*22 was glasSy , 1 : 1(57 : 2-22, merely 
softened ; 1 : I : f-ll was semivitreous ; 1 :0-33: Ml was witl! a shiny 

fracture; and 1 :0‘1(): 1*1 1 was white an^ stony. Mixtun^s with the lime less 
than one-third were decomposed by acids. The evidemn* ^o(‘s ncS/ justify 
the statement that calcium silieozirconales, CaZrSiO^ analogous to J;itanite, 
CaTiSiOs, were formed. A number of minerals are assunuMl to be closely 
related with the siHcozircoucUes—e.g. zirkelitc, ((’a,Fe)0.2(Zr,Ti,Th)()2, vide 
zirconates ; uhligite, 3Ca(Zr.Ti)205.Al2Ti05, vide zireonates ; rosodmadvite^ 
6Ca8i03.2Na2Zr02F2.TiSi()3.Ti03, vide rare earths ; lavcnite, R(8i,Zr)()3.Zr(Si03)2. 
R.Ta20(j ; hainde, R(Si,Zr)()3.Zr(8i03)2.RTa206 ; wdfdcrite, 12R(Si,Zr)03.R((.’b203. 
R(Cb205) ; hiortdahlile, 4(’a(Si,Zr)03.Na2Zr(i9F , ; and etuHalgle ami emdite. 
Nai3(Ca,Fe)3(3(Si,Zr)2o()52- 

(f. Jjindstrdm, and G. Nordenskjcild described crystals of a mineral found near 
Nagssarsiik, Greenland, to which they applied the term elpidite - from IXirlt, hope. 
Analyses by G. Lindstrom show that the white or reddish-coloured mineral 
has 20'2l per cent, of zirconia and corresponds with Na20.Zr()2.6Si02.3H20. 

G, Flink regarded elpidite as a transformation product of a mixed mineral, 
Na 2 Si 20 fi.Zr(Si 205 ) 2 . P. Groth represented it by the formula HgNa 2 ZrSi 5 ()i 3 ; 
and F. W. Clarke, by Zr(0H)2(Si308^NaH2)2, sodium hex8hydroiy2arconato- 
dimesotrisilicate — tmic infra. From his dehydration curve , F. Zaiyhonini inferred 
that neitln^r water of crystallizatfon no^ eonstitutional waUT is present ; but that 
the water is 8imply«ilis8olved. He found the perceiy:age loss of water from elpidite 
at ditTerent temp, bo be : , 

• 05" 115° 175" • '-205J 250“ • 202" 

Loss . . .0 86 4 03 6 60* 7 00 8 88 0 17 per cent. 

• 

Dehyiiration is nearly complete at 262°, for the total lAss ft 9’80°. At 115° in moist 
air, a part of the expelled water is resorbed ; and at 250°, the percentage amount 
of water resorbed is : 

Hours . , .14 W . 136 183 303 376 447 673 

Resorption . . 1'60 , 1-74 2->8 2-^b • 2 49 2-00 2 77 2 73 

G. Flink found that the rhombic crystals* have the axial ^ratios a:b:o 
=0 5101 : 1:0-9781. The (110) cle^va^ is m%8ked. The sp. gr. of the whit<*. niineral 
is 2*524, that of the^ red is 2 594 ; wid the hardness is nearly 7. According to 
G. Flink, the optic axial 2F=75® 12', whilofO B Bdggild gave 2Ka=89° 40'. , 
G. Flink gave for the indices of refraction a=l-6600iy )5~1'5654), and y=l-5739, 
and the birefringence y— a=0-0139 for ^llow light. • 

P. C. Weibye and H. Sjogreft dcscrib^ a mineral from the islands of Langesuna 
fiord, Norway, which was nanled from /caraTrAf ^oi^.satiated — in alhision 
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to its always being accompanied by a number of rare minerals. Analyses were 
reported by P. C. Weibyi^ and H. Sjogren, M. Weibull, C. F. Eammelsberg, 
W. C. Brogger, G. Forsberg, P. T. Cleve, and G. Flink. There are two kinds, one 
kind is calcareous, and the dther almost free from lime. 

( ^ 

SlOj ZrOj Cap ' NagO H,0 

Lime^atapleiite . 39-7M6-83 ‘ 29-33-40‘I2 3‘464 82 8-10-10‘83 8-86-9'35 

Soda-catapleiito . 41;27~4404 30-80-32-00 0‘81-0-93 14-94-15-05 9-24-9-31 

I. 

G. von Hevesy and V. T. Jantzen found about 0*2 per cent, of hafnium in catapleiite. 
P. C. Weibye and H. Sjogren rejiresented the n/neral by Zr02.2Si0^+Na2Si03 
4-2H2O ; 0. F. Hammelsberg, by NaioCa4ZrgSi270gi.l8H20 ; C. W. Blomstrand, 
by R4Zr4(02.8i())i2.8H20 ; W. C. Brogger, H2Si03.Na2Si03.(Zr02H2)Si08 ; 
G. Fliirk, by Na./^08.H4Zl(Si04)2 ; and P. Groth, by Na2(Si02H2)2Si207, with 
some silica replaced by zirconium. F. W. Clarke represented the mineral as ItOdium 
(^dumtrihydrozyzircoiiaio-metasilicate, 7jT{OR)^^&C&Si^Q^~videinfra. F. Zam- 
^ bonini regards'the water of catapleiite as dissolved, being present neither as water 
of crystallization nor as conrftitutional water ; corresponding with the tendency 
of zirconium to form complex salts as indicated by the work of R. Ruer and co- 
workers, ,A. Rosenheim and A. Frank, and W. Mandl. F. Zambonini considers 
soda-catapleiite to be the sodium salj: of the acid H2(ZrSi30j)), with approximately 
2 mols o{_ dissolved filter— wVie infra.* M. Weibull, W. C. Brogger, and F. Zam- 
bonini studied tl¥e dehydration of catapleiite, and the last-named found the per- 
centag<^%88 in a moist stream of air at ditTerent temp, to be : 

110 “ 175 “ 218 “ 270 “ 290 “ 325 “ 375 “ 420 “~ 425 “ 

boas . 0 22 ()-70 1 80 3 83 (liU 717 7’90 8 -.33 per cent. 

when the. total loss'is 9*73 per ciuit . It was found that there is a resorption of water 
at 270^^ such that 

Hours . . 24 48 144 204 300 

‘ Resorption . .1-53 1 00 1 71 183 177 

The colour of catapleiite may be light yellow to yellowish-brown, greyish-blue, 
and viol(‘t. The crystals are usually thin, tabular, hexagonal prisms with replaced 
edges. According to W. C. Brogger, at ordinary temp, the crystals arc pseudo- 
hexagonal and rnonoclinic — if hexagonal, H. Dauber gave the axial ratio a :c 
-~1 : 1-3593, and W. Brogger, 1 : 1-3005; while the latter gavo'for the axial ratios 
of the monoclinic crystals « : : c—I "7329 : 1 : 1-3018, and lU'. Above 

140'', the crysOjls are. hexagonal., G. Flink found the thick crystals of one type 
become uniaxial at 1 20"^ wystals of another<above*200'', and crystals of a third type, 
at 10" 20". H. Steinmetz found a transition point at 35", accompanied by a very 
small change in vol. 0. B. Boggild found., that in one type the change begins at 
1 10" and is comph'tg at 130" ; in 'anl^ther, it begins at 100" and is complete at 230" ; 
in another, at3()" 40" ; in another, u^. 10"- 20"; and in another, the change is par- 
tially complete at ordinary ti^mp. Twinning is common -the twinning planes to 
(loll), (3032), (3302), ami 1010). The (1010) cleavage is perfect, and the (1011) 
and (1012) cleavages are imperfect. W. C. Brogger gave for the optic axiah angle 
of soda catapleiite 2A’=00" ; G. Flink, 30" ; and 0. B. Boggild, 41" 3' with Na-light ; 
W. P. Foshag gave 2F^0"“25". ..H. Sjogren gave fbr the s*p. gr. of lime-catapleiite 
2-79-2-81 ; and G. Flink; for soda-catapleiite 2*743. ’ The values of 2 types at 
different temp, was found by 0. B. Biiggild to be 


17 “ 

30 “ 

40" 

609 

GO" 

70 " 

2-704 

2-763 

2-764 . 

•2-763 

2-762 

2-761 

2-761 

2-746 

2-7« 

2-739 

2-739 

2-739 


The sp. gr. of the first type does not chaMe very much with. temp, since only at 
\60" does the mineral become uniaxial. The hardacss is about 6. 0. B. Boggild 
gave for the indices of refraction a-~l-5905, 1*6921, and y= 1*6269, and for the 
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birefringence y— a— 0*0364— with Na-liglit ; W. F. Foshag gave ’51)1-1*593 ; 
j3=r592-l*593 ; and y~l •627-1 *628. The cryst«s ar^i optically positive. 
W. C. Bfdgger found that when soda-cataploiite is heated, zircon is fonned : 
Na2ZrSi309.2H20-»ZrSi044-Na2Si205“f-2Ho0, and he has found pseudoinorphs 
of zircon after catapleiiii#. The mineral decomposes whVn treated with hydrochloric 
acid, and gelatinous silica separates. * , * 

• 

The goi% 8 tone varieties of zircon include nuhaiyte and t ucoUta discussed in connection 
with the rare earths [q.v.). Tliose two nuneiAls are KOiuetiines regardwi as mixtures of 
metasilicate^ with the oxychlorid^ ZrO(’l„ but K. W. Clarke consitiers them to be 
variable mixtures of' zirconium sodium oalclum ohtorotrlorthosllioate, Zr(ISi() 4 ^l’aNa)j( 1 , 
and zirconium sodium oalclujn chlorotrlmesotrisilicate, Zr( 8 i 3 ()«=^'aNa) 3 Cl, in which 
liydroxyl may partly replace the chlorine; and iron and manganese, the calcium. 
J. K. Teschemaolier n>forre<l to a mineral which he called azdrltc, o< cfuting in San* Miguel, 
Azores.* It wa.s shown by A. Ben Suude, J. J). Dam*. A. Schrauf, O. Miigge, h. L Hubbard, 
A. Osanii, and P. do ('anto e Castro to be a colourle.ss or pale^reen variety of zircon, 1’ho 
mineral obtainwl by Cl? Grattarola and O. Beccaii from Point do Gallys, Ceyhm, luid 
accordingly named beccaritc, is an olive-grwn zircon with silica 30 3 percent. ; zircoma, 
(52 2 ; alumina, 2 5 ; and calcium oxide, 3 (5. C, U. Shepard foiiml minute br(.)wn crystals 
of a variety of zircon at Haddarn, (’omu‘cticut, which he fallwl calyptolite. T. VVada 
reported a greenish or brown radioactive ziifoimim silicate containing 34 81), Sit)j ; 2S ‘27, 
UO, ; lOrK), Tho/; 7 0, TajOa; 410,01)30,; im CeO^; 1 (50, l;\V)s I I 

0*57, MgO ; 312, H.d), from Na^gi, Mino, Japan, *and be called it naegite. The taluilar 
or prismatic crystals belong to the tetragonal system. The sp. gr. 4 01) ; the#liardness, 

7 5. Tlie composition deviates much from the ortho.silicate formula.* G. Hevesy and 

V. T, Jautzen found 7 per cent, of Jiafnia in Japanese naegite. , A. Bnu'tliaupt apflied the 
term ostranlte to a niinoral from StokO, ]..aiigosund iiord, Norway. It was shown by 
G. A iCenngott, G. Forehhaminor, and VV. C. llrOgger to be a weathered \ ari«dy of zircon, 

N, von Koksctiaroff I'eforred to a mineral from Tomsk, itiissia, which w as calltsl engelhariyto, 

and shown by I’, von .loremejefT to be a varudy ot zircon. ^ 

W. C. Brdggcr 41 cjilloJ a iniiieral from the island of [.ilveii in the Langesund 
fiord, Norw^ay, lavenite, although at first it w^as considcTi'd to be moHandrite. 
It ha.s been also reported from the island Klein-Aro, and Aro ; F. (iraolT found ( 
it in Serra de Tingua and uthiT parts of Brazil ; (1. (Siirieh, in J.(08 Islands, 
We.st Africa ; and A, Osann, in San Miguel, Azor(‘s. Analyses were made 
bv P. T. (;leve, and, according to W. f\ Brdggi'r, the results corn’spond with 
(ij(Mn,Ke)(Ca,Na.,)Si2()o} 2iZrSi.,0Q.21Na4Zr2F404.U(Na.,,n2)2(Zr,Ti).206l ; P. 
Oroth gave (Mn,( a, Fe). (8103)2. (Zr()F)Na. The minerals liivenite, guarinite, ros('n- 
Ini.schitc, hiortdahlife, and wdhleriti^ are sometime.s grouped as zircon-pyrox(’KP.s, and 

W. (b Brogger cofisidered that just as the pyroxenes ar(‘ regarded as metasilirate.s 
so are the zircon-jiyroxenes regarded as metazijeonates. The aiuilysi's are not 
clearly interpreted by the.se foriiTulu^ Wiich represent tlfe*mineral a.s a SOdium 
calcium fluozirconatosilicate. The colour of lavenite may be pale y<‘lIow, almost 
colourless, or dark yellow*, merging int^ dark brown. The jirismatic or tabular 
crystals belong to the monoclinie system, aiid -hayc the anial ratios a:b:c 
^1-0963 : 1 : 0*71509, and ^ -69‘' 42J'. IVins^ahont the (100)-])lane are common ; 

and*they are also twinned lanudhe. The (100) clea>^ge^is nearly jierfect. The 
optic (fcial angles wdth Na-light are 2H*--90^' 16'; 2//o- 116^ 7'; 2K- 79*^ 46'. 
The sp^gr. is 3 51 -3*55, and the hardne.ss 6. W. C. Brbgger g'avt' for the index of 
refraction j3=l*750. The birefringence is strong ; A. Michel-L(Wy and A. Lacroix 
gave y— a~0 03. The optical •character is negative. The crystals are strongly 
pleochroic. The mineral is uicorapletely decompeised by the ordinary acids. 

G, Guiscardi ^2 described a mineral which was* found in cavities iy the sanadinc 
bombs of Mont Somnia, as a variety f)f titi|pite. It was called guarinite — after 
C. G. Guariui. According to F. Zaifiboyini and G. T. Prior, G. Guiscardi must have 
mistaken titanium for zirconiimi, since guarinite is really the same as that found 
by W. C. Brogger on*one of the Aro Islands, Norway, ami called hiartdahllte — after 
T. Hiortdahl. This fnakes these minerals approximate (Na,Ga){Si,Zr)03, SOdlum* 
calcium ziroonatometasilicate.* W. C. Brogger gave 4Ca(Si,Zr)03.Na2Zr02F2. 

O. Rebuffat found 1*25 per C(^t. of )d;tria, and 3*45 per cent, of ceria earths 
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according to F. Zambonini and G. T. Prior, he mistook zirconiafor alumina or titania. 
F. Zambonini and G. Prior regard the mineral as a mixed salt of calcium meta- 
silicate and sodium zirconate with some calcium fluoride, 3 CaSi 03 .Ca(F, 0 K)NaZr 03 . 
F, W. Clarke represents giiarinite by the formula : 

c - .Si04=Ca8^Si04. 

F-Zr(si 04 ^aj,=Si 04 ^Zr~F 
Na— SiO 4 — Ca SiO 4 — Na 
0 

and hi(Jridahlite a 1 : 1 mixture of this with the hydroxyl being 


_7,.^^^04--=Ca3— ^Ji04 V 7 n 


in part replaced by fluorine. The mineral roHcnhuschile— vufe rare earths — SOdium 
^ calcium titanium zirconatos^cate, is assumed to be built on the same plan as 
guarinite, namely : 

• /Si04~€a,-Si04^ 

* , F— Zi< Si04:i=Ca3~Si0| ^Zr— F 

. ^i^i^Ti " 

• e Naj Fa Nag 


The cofour is })alc yello^t to brown. The crystals of hiortdahlite were stated by 
W. (v. Brdgger to be triclinic with axial ratios a:b: c— 0*99835 ; 1 : 0*35123, and 
a- ^89"^ 22^', j 8 ^-90^^ 3()J', and y^OO"" 5^'. G. Guiscardi, and V. von Lang said that 
the crystals of gua^rinito are rhombic, with axial ratios u:b: c- 0*9892 : 1 : 0*3712 ; 
F. Zambonini gave 0*99268 : 1 : 0*37008 ; this would make the zirconatosilicate 
dimorphous. The optic axial angle 2F~90" nearly. W. C. Brogger gave 3*267 
for the sp. gr. of hiortdahlite ; G. Guiscardi gave 3*487 for guarinite, and F. Zam- 
bonini, 2*9-3*3. The hardness of hiortdahlite is given as 5-5*6, and that of guarinite 
as 6 . The index of refraction of guarinite is, according to H . Kosenbusch, j 8 r^l* 68 - 
1*71 ; F. Zambonini gave for the birefringence y—j8— 0*0047 ; j8— a— 0*0048 ; y— a 
~0*(X)95. He also found the mineral pleochroic. The optical properties agree 
closely with those of danburite. 

T. Scheerer **3 found citron-yellow crystals of a mineral on s.veral islands in the 
Langesund fiord, Norway. The mineral was named wohlcrite-- after F. Wohler. 
Analyses of the mineral were made by T. 8 cheerer, R. Hermann, 0. F. Rammelsberg, 
P. T. Cleve, etc. The Jesuits correspond with ci>lcium zirconatocolumbatosilicate, 
l 2 Ca(Si,Zr) 03 .Ca(ybo 0 fl, with part of the calcium replaced by sodium ; some iron 
and mangamvse are present ; and, according to W. C. Brogger, w’th the CaZr 03 
replaced in part bv CaZr(OMF 2 ),,so.pe ccria earths may also be present. P. Groth 
gave CaiQNa5Si|o2r3Cb.2()42r3. F.,,W. Plarke represents the composition as a 
mixed salt having one mol of the same ty[)e as that of rosenbuschite with Z,^ in 
place of Ti along with 4 liiol;^ of sodium calcium zirconium columbatosilica^te ; 


Si 04 ^a,=Si 04 . 

^Cb( Si 04 ^Ca ,^iO 4-^,Cb= 


G. llevesy and V. T. Jantzen found 0*7 per cent, of hafnia in wohlenite from 
Jiangesund. The prismatic or tabular crystals \. ere at first thought to be rhombic 
by P. C. Weibye, A. des Cloizeaux, H. Dauber, J. D. Dana, and G. A. Kenngott. 
Later, A. des Cloizeaux, W. C. Brogger, C. F. Rammelsberg, showed that the 
mineral is mouoclinic. The axial ratios are a : 6 : c— 1*0536 : 1 : 0*70878, and 
)5™7r 3'. The colour is various shades of yellow, brown, and grey. , Twins on 
the I'XLplane are often found. The 010-cleavage is distinct. The sp. gr. is 3*41- 
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3’44, and the hardness 5*5-6. W. C. Brogger found the optic axial angles 2//* 
=91° 18' for Na-Iight, 2^^0=121° 42', and 2F=7^8° 31'. iteasureinents were also 
made b)^A. des Cloizeaux, and A. Michel-lAWy and A. Lacroix. Observations 
with red, blue and green light were also made. The refractive index j8~ 107 1’74. 
Raising the temp. toJll® was fotind by A. des Cloizeaux to make no perceptible 
change in the optic axial anje. 0. P. Tschernik give y--<i=0'023 ; ; 

and j9--a =0*014; and the optical charaettT is negative. The crystals are pleo- 
chroic. (f. Kriiss and L. F. Nilson studiwl the absorptioii'spectra. The mineral 
dissolves ii^hot cone, hydrochloric acid witii the .separation of silica and columbium 
pentoxide. * * 

J. J. Berzelius obtaiiv.‘d a black mineral from Fredriksvarn, Norway, ami 
he called it polymignite— from ft/yu/ii, a mixture -jii allusiop to its yomjdex 
compcjsition. Analyses were reported by Brogger, J. .1. Berzelius, and 

G. P. TschiTnik. Its compo.sition approximates calcium cdhum silicOZircatotftntE- 
iate, 5KTi()3.5RZrO:,*R(Ta(),).,, wlu‘re H denotes iron, ealeium, ajid the cerium 
metals, and the tantalum, Ta, includes some colunibium, (.'b. The slender jiris- * 
matio crystals arc often striated. They were examined by (1. Rose, M. L. Franken- 
hoim, and W. C. Jirdgger. They belong to the rhombic system and havi* tln‘ axial 
ratios « : : c=0'71213 : 1 : 0 51207. The (100) and (010) faces show^traces of 
cleavage. The sp. gr. is 4 77, and the hardiie4s Of). . 

The thorium silicates arc re[)resented by thorite or orrfifgito, yttriftliti', and 
mackintoshito discu8.sed in connection with the occurr(;nce of thorium, mud the 
complex uranium silicates. The complex rare earth silicates are discussed in 
connection with the occurrence of tin* rare earths ; and for scandium orthodi- 
silicate* or thortveitite, vide scandium ; and yttrium orthodisilicate* or thaleifite, 
vide rare cartlis. * 
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§ 49. The Chromiom Silicates 

St. M. Godon 1 evaporated an aq. soln. of chromic ^cid with silicic acid, and 
obtained a yellow insoluble powder ; G. A. Quesneville said that chrqinic acid 
dissolves a little hydrated silica, and deposits it again on evaporation, and all the 
chromic acid can be washed from the resiflue. F. Afigel obtained a cjiromium 
silicate as a greyish-green hydrogel by mixing soln. of chromic'chlftride and sodium 
silicate. The deliydration curve is a continuous function of the temp. The 
composition approximates to that of dichromiom bexahydro-triorthosilioate» 
Ni2^r4Sifl024. 1148104, or 2HflCr2(8i04):j. 1148104. 11. Karnmerer obtained a 

green amorphous clay from Okhansk, Siberia, and he called it mkhonskmii — 
after M. WoLschonsky, Analy.ses were reported by M. Kersten, V. KrotofT, 

F. Angel, and N. von Kokscharoff. It contains from 17’93 to 18*86 per cent. 
Cr203 ; 10*43 to 17*85 per cent. Fe.203 ; 3*50 to 6*47 per cent. AI2O3 ; 36*84 to 
37*01 per cent. SiO.^ ; and 21*84 to 22*46 per cent. H2O. E. T. Wherry and* 

G. V. Brown gave Cr20;}.2Si02.2H20, or H4Cr2Si20g, dichiomodisilicic acid« 
(H0)4Al2(0 Si0)20. According to F. Angel, the composition approximates 
(ll2,Mg,Fe,Ca)3(Cr,Fc,Al).2{Si04)3. About 11*08 per cent, of moisture is lost by 
wolchonskoite when dried to a constant weight at 100° in the presence of cone, 
sulphuric acid. Tl^ire is a terrace in the dehydration curve between 160° and 
190°. F. Angel jonsiders the water given off below 160° to be absorbed, that 
over 190°, to be constitutional. At 190°, the colour of the mineral begins to 
change, and at 280°-3(X)° it bec^me.s a brownib4l-4)lack. The sp.^gr. is 2*2- 2*3. 
F. Angel gave 2*337. The hardness is*2-'2.J. E. T. \rti^rry and G. V. Brown 
gave 1*685 for. the ’index of refraction, j8. The ntincral is decomposed by hot 
hydrochloric acid, with the separation of^elatinc’is silica ; about half the chromium 
is dissolved. - 

J. E. Wolff, A. Duflos, and J. Zellner analyzed green clf^u-^Urome ochres—from Unst, 
ShetlarJris, and Mortenl:)erg, Sweden, etc. Tlieso ochres appear to be clays containing 
chromic and ferric oxides in place of some of the alumina. The selwynite of G. H. F. Ulrich 
♦--after %. C. Selwyn— from Heathcote, Victoria, contains 4 66 per cent. MgO ; 7*61 per 
cent. Cr,0, ; 33*23 per cent. Al,Oj ; 47*15 per cent. SiO, ; and 6*29 per cent. H,0. A 
chromiferous allophane wda found by S. A. W. voi^ Herder at Rudniak, Serbia, and 
Volterra, Tuscany. He called i4 rniloschite^ ^ter Friace MilosQlii— A. Breithaupt called it 
Serbian. It was analyzed by C. Kersten, and E. Dechi. It contains 3 *61-8 1 1 per cent. 
Cr,0, in place of the alumina of allophane. Its sp. gr. is 2*131, and it% hardness 14-2. 

E. T. Wberty €md G. V. Brown repre|ented its iermula {Al,Ur)j0i,.28i0,.2^,0, and gave 
for the indices of refraction o=* 1*552, /3|p 1*552, and y= 1*559. It is presumed to be 
monoclinio. 8. M. Losanitsch described a gre^ n^eral from Kudniak, Serbii^ which he 
called alexandrolite ,* rite composition approximated (Al,Cr)/D|. 28 i 0 ,. 2 H 20 , its sp. n. 
wae 2*131, and hardnem 1^-2. He also obtained a siliceous chromiferoib clay from Avaia, 
Serbia, which he called a^ile — but it is pn^bly a mixture. H. Laspeyres applied th^ 
term eosmochldre to a chromiferoui^minenu in the Toluca meteoritic iron ; P. Qroth called 
it cofimochromitf,. The emerald-green crystals are probably monoclinic. The birefrir^l^ce 
VOL. VI , 3 K 
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i 8 high, the extinction oblique, and there itre distinct cleavages parallel to ( 100 ) and ( 010 ), and 
less distinct prismatic cleavages. Tho’^analysis approximates to (Ca,Mg,Fe),Al,Cr,SiioO|4 
or (R'" 0 )aR^ ii(Si04),. « The iiardpess it 6 - 6 . 

A chromium epidote froin Tawmaw, Upper Burma, called tawmawite, carrying 
11*16 per cent, of chromic Oxide, was described by A. W. Sr» Bleeck .2 The cahitm 
alurfdnium ferric chroniium silfcaie is deep green in colour and strongly pleochroic. 
H. Hess 3 found a chromiferous garnet lining cavities in the chrome iron ore of the 
Ural, and it has been reported from,, other localitie.s. He named it uwarowite, 
ouvarovite, owarovoUe, or ouvarojffite—&1AeT Count Ouvaroo, Owarow, or Ouvaroff. 
An impure variety occurring with the chromite of Monterey Co., Cal., was called 
trautmvite by E. Goldsmith. Analyses of ouvaroftite, were made by A. Komonen, 
H. Erdmann, A. Damour, T. S. Hunt, L. Aars-Anderson, A. Borgstrom, and 
L. Colomba. The'' results computed by C. F. Rammelsberg agree with the formula 
calcium dichromic trio]rthosilicaWCa3Cr.>(Si04)3, pins isomorphous Ca3Al2(Si04)3 
and Ca3Fe2(Si04)3. The general properties agree with thosti of the other garnets — 
vide grossular. The sp. gr. is 3*4184 and the hardness 5 - 7 . W. E. Ford gave for the 
index of refraction 1 ’STO—wde Table XXIX. Z. Weyberg* fused a mixture of silica, 
chromic oxide, sodium carbonate, and a large excess of sodium chloride, and after 
washing'* he obtained a crystalline powder of theeom])Osition2Na20.3Cr203-6Si02. 
The dark green crystals are rhombic* apd pleochroic. By using a mixture of sodium 
metasilidatc, chr/)ntiv'> hydroxide, and an excess of sodium chloride, rhombic crystals 
of the composition 5N%0.2Cr203.11Si02 were obtained; and with a mixture of 
ammonium dicliromate, sodium metasilicate and sodium chloride, tridymite-like 
crystals of the composition 3Na20.2Cr203.95Si02. The products with chromic 
oxide arc thus quite different from those witli alumina, or ferric oxide. S. J. Thugutt 
reported that a Lind of chromatosodalite, 4(Na20.Al203.2Si02)Na2Cr04.5H20, or 
mlium aluminium chromatosilicate, is formed as a pale yellow amorjihous powder 
when kaolinite, sodium hydroxide and chromate, and wat(‘r are luxated in an 
. autoclave at 176 °- 20 r)”. 
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§ 50. Molybdenum, Tungsten, and Uranium Silicates— Heteropolyadds 

In 1826 , J. J. Berzelius^ showed-^that molybdic and phosphoric acids unite 
and together act the part of a mixed acid in ammonium phosphomolybdate. The 
obso^'vations of J. C. G. de Marignac, reported in his memoir Recherches wr ks 
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tungstates, les Jluotungstates et les silicotungsia^ (186^), established the character 
of these complex acids. This memoir can bcregardea as the starting-point of the 
chemistrji 0/ those compounds. Other campus inbrganic acids, as W. Gibbs calleii 
tl\em, were afterwards discussed by A. Laurent, L. Hvanberg and II. Struve, F. Mar- 
gueritte, E. Zcttnoff, A. Jfutzingei^ V. Eggertz, G. Scheibler, A. Lipowitz, IL Debray, 
F. L. Sonnenschein, M. Spreuger, G. A. Barbieri, D. Klein^ F. Mauro, H. Cof)aiJX, 
F. Parmentier, W. Kuop, E. H. Jenkins, R. \V. Atkinson, R. Finkcner, M. Seligsohn, 

J. Lefort.^F. Kohrmann and co-workers, M. Fremery, C. Friedheini, A. Miolati, 
P. Pfeiffer, etc. A. Rosenheim called the Complex acids containing more than one 
mol. of acidtnhydridc.polyacids ^.g. the pyrosulphuricarid, llo8^07, or lbACV’();j)2 1 ; 
pyrophosphoric acid, J14P207, or H4[0(P0;,)2] ; tetraohromic acid, HoCr40j3, or 
H2[0(Cr03)4j ; metatungstic acid, il2VV46i3, or HJO(\V()3) j] ; ^‘Ic. In these, 
the acid radicles arc of the same kind, and they are caflod iso-^dlyacids in* contra- 
distinction to the heteropolyacids in which thc*nuiic}e8|ir(*dilT(‘reut~c.i7. phospho- 
tungstic acid, H7[P(W207)(j] ; silicotungstic acid, H8[8i(Wo07)8] ; silicomolybdic 
acid, H8[Si(iMoo07l(jJ ; etc. 'riiere are two classi's of hett'ropolyacids and salts. • 
In the so-called (i) ivirkliche HrferopoJystiuren, the anion contains only anionagenic 
constituents, while in the so-called (iil Meiallkomplcj^dure)}, the anion contains 
amphoteric oxidt^ Ifko chromic oxide, ferric oxide, and alumina. • 

Tlie formation of the polyacidic anions di(‘pends oji the electroaflinily of the 
complex, and R. Abegg and G. Rodhinder show(’d that th« tendency to form 
complexes geiu^rally increH.se.s with decreasing electroaffinity. ^()nse(pJe^tlv^ the 
oxygenous anions and amphoteric oxides with a feeble ercctroaffinity form hetero- 
polvanions. A. Rosenheim has shown that the oxides of the elements ].- II, ('ll, 
Air; II.-Be; I11. ~ B, Al; IV.--C, Si, Ti, Zr, Co, Th, Sn ; V. - N, V, (ff), Ta* P, 
As, Sb ; Vl.-(’r, Mo, W, U, S, So, Te ; Vll.-Mn, 1 ; and VIU.~Fe, Co, Ni, Rh, 
Os, Ir, Pt, exhibit a tendency to form heteropolyackls. Hydrogen forms with 
its amphoteric oxide, water, hydrogen dioxide, and the per-salts and jier-acids, 
Many electronegative anions -j)orchlorate, chlorate, bromate, etc.- have a tendency^ 
to form polyanions. The anions PO'^jj, 11 PO"..], ILPO'^, AsO/', and 

As 0'"3 form |)olyanion.«J. S( >3 and SeO..} occur frcipiently in hoteropolyanions, while 
SO4 and 8064 rarely if ever form such anions. Silicic acid exhibits a marked 
tendency to form heteropolyacids, and a great number of native silicates- particu- 
larly tlie complex aluminium silicates, are possibly heteropolysilicic acids. There 
is also a si'ries of si^icomolybdates, and a series of silicotungsrates. 

M. Delafoutidne - did not succeed in making a silicomolybdate by boiling 
sodium molybdate with water and siliem acid but, by r»ther processes, F. Par- 
iiicntier, W. Asch, and H. Copaux obtained seveVil sil^i^lodecamolybdatcs, and 
two hydrosilicodoijecamolybdic acids. W. Asch unsiiceessfully tried to make, 
silicomolybdic •acids with a smaller proportion of*inolyhdic oxide than is repre- 
sented by the ratio M0O3 : : f, hy trjjatyig a solii. of podium metasilicatc 

with sraallcT proportions of molybdie arid. Jhe product was a mixture of tetra- 
sodiiim sihcododeca molybdate, 2Na.20.ISi02.12Mo(33A(|., and other molybdates. 

F.g Parmentier obtained hydrosilicododecamolybdic fUjid, (Si02.4H2D)12Mo03. 
22H2O, by the action of dil. hydrochloric acid on OCtomeiCUIOUS silicododeca- 
• molybdate, 4Hg20.Si02.i2Mo03, or Hgfi[Si(M(»2O7)0]. The mcfcury salt was made 
by pouring a soln. of ammonii^ii silicomolybdate into om*. of mercurous nitrate, or 
• adding mercuric molybdate to a soln. ofea silic^fe in nitric acid. The precipitate 
was washed many times with dil. mercuroms nptrate, and dried on a porous tile ; 
it should not be dried by pressure between filter paper owing to the toady reduction 
of the salt by organic matters, tfhe niercflrous salt forms small yellow crystals, 
which act on polarised light. The ^alt k decomposed by water, blackened by 
alkalies, and decomposed by ammonium bydrosulphjde precijiitating silica and 
mercuric sulphide. •£. Drechsel obteinjd'tho acid by extracting the alkali saR 
with ether. Hydrosilicododeiamolybdic acid forms yellow octahedral crystals 
belonging to the cubic sysR^i- According to E. Brauer, the composition •/ the 
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acid obtained by crystallization frojn aq.soln. is HgSi(Mo207)g.28H20, A soln. of 
the acid in hot cone, nitfic acid furnishes on cooling small yellow plates of 
Hg8i{Mo207)6.l4H20.' A. Miofati represented the octobasic acid by.thj formula 
H8[Si(Mo2O7)0].wH2O ; and A. Rosenheim showed that the composition of the 
silver and mercury salts agrees with the octobasitfity of the acid. The crystals melt 
between 45° and 55° in^ their ^ater of crystalbzation'and decompose at 100°. The 
complex acid is sparingly soluble in water and dil. acids. An excess of alkali car- 
bonate and ammonia .decomposes the complex acid with the separation of silica. 
When treated with bases, crystalline salts are formed. Unlike phosphomolybdic 
acid, {Kdassium hydroxide does not produce an ^insoluble salt, but with cesium 
and rubidium salts, sparingly soluble salts are lorme^. W. Asch made octofiilver 
siUcododecamolybdate, 4Ag20,Si02.12Mo0s.l5H20, or Agg[Si(Mo207)fl].15H20, 
by pouring a conc.'soln. of silver nitrate into one of sodium silicomolybdate. The 
yellow amori)hous precipitate '*soon becomes crystalline. A. Rosenheim and 
J. Pinsker prepared the guanidine salt. E. Braue'r found the hydrogen ion cone, 
of a 0‘()l5iV-8oln. to be [H ]=4'3 X 10“5*. Two hydrated hydiosilicododecamolyhdic 
acids have been reported, but E. Braiier considers that both acids are really the octo- 
basicacid just described. "W.Asch obtained crystals of (2H2O.SiO2).12MoO3.30H2O 
by adihng tetrasodium silicododecamolybdate, 2Na20.Si02.12Mo03.21H20, 
in the cold to a large excess of dil. sulphuric acid (1 : 5), shaking the soln. in a 
separating funm^l with an excess of ether. Three layers are formed ; the bottom 
layer is^a soln. of the free acid in ether ; the top layer is aq. ether ; and the inter- 
mediate layer is a soln. of sodium sulphate in ether and water. The bottom layer 
is run off, and mixed with much water ; the ether is evaporated and the aq. soln. 
cone, at about 45°. Large crystals of the acid are formed. W. Asch found the 
sp. gr. of aq. soln.<of the free acid of normality N, at 10° and 40°, to be 

A . . . 0’4 0-2 Oi 005 0025 00125 000625 0003126 

10" . . .1 1447 r0736 1 0.384 1-0205 1 0116 1 0069 1 0049 1 0035 

,40" . . . IM.341 1-0647 1 0303 1 0125 1 0038 0‘9992 0 9963 09960 

and the mol. conductivities of soln. with a gram-eq. of the acid in v litres of water, 

V . . . 2 '5 5 20 80 160 320 640 1280 

10" . . 215-9 230-7 257-6 272-75 282 05 286-40 290 90 295 22 

40" . . . 327-6 360-1 4020 42600 439 75 453-62 461 98 482-60 

The acid is decomposed by alkalies ; but with chloridc.s or siil,;hates in theoretical 
proportions two series of .salts arc produced, 2K2O.8iO2.l-2MoO3.Aq., and 
l'5ll20.8i02.12^Mo03.A([. Aniline, pyridine, and other organic bases give a 
yellow crystallme preei,t)itate. ’ 

H. Copaux obtained crystals of (2H20.Si02)12Mo03.31R20 by mixing a 
dil. soln. of sodium silicomolybdate with five times the amount of sulphuric acid, 
and adding other. The yellow oil. which" collects at the bottom of the flask is 
treated with an excess of water ^id evaj)orat(id at 20°-30° for Crystals. The 
same acid was made by mixing hot soln. of ammonium molybdate and sodium 
silicate in proportions i'eqtiircd for SiO:12Mo03, and adding five tinxes the 
quantity of sulphuric acid. The mixture was treated with ether, etc., as in the 
previous case. The two acids are probably the same. The yellow octahedral 
crystals arc often opaque and have superficial .efllorespence. They belong to 
the tetragonal system and haMj tjie axiah ratio a : c— 1 : 1-007. They are isomor- 
phous with the corresponding silicotungstic acid. Wlien treated with nitric acid 
at 35°, a triclinic hydrate with 15 mols. of water is formed. 

According to W. Knop, by saturating potassium silicate with nitric acid, and 
adding ammonium molybdate, a yqllow col6ur is produced, and in the presence of 
much ammoniun^ chlorid.^ an orange precipitate is formed. - E. Richters found 
that the precipitation is accelerated by warming the soln. to 60°. The precipitate 
dissolves in aq. ammonia and flocculent silicic acid is slowly formed ; but in the 
presence of much ammonium chloride, the separation of silica is incomplete. 
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F. Parmentier prepared tetru^ODiom silioododecuudybdate, 2(NH4)20.Si02. 
12 Mo 03 .»H 20 , or (NH 4 ) 4 H 4 [Si(Mo 207 )#].»H| 0 , by mixing^ nitric acid «oln. of 
ammoniafti molybdate and alkali silicate. The yellow liquid furnishes a crystalline 
precipitate. The octahedral crystals can be purified Uy dissolving them in water, 
and precipitating by th# additioif of an ammonium s^t. W. Gibbs reported the 
formation of yellow crystals 'of (NH 4 ) 20 .Si 02 . 12 Afo 03 . 5 H «0 by mixing solTi. of 
ammonium molybdate and hydrofluosiiicic acid. A. Rosenkeim and J. Pinsker 
prepared tRe guanidine salt. - • 

H. Copaux made tetralithium siliooaodecamolybdate, ‘iLigO.SiOu.PiMoOj. 
29 H 2 O, or Li 4 H 4 [Si(Mo 207 )e]. 2 ?H. 20 , by evaporating a mixed soln. of Ac acid 
and a lithium salt in the cojd. The octahedral crystals are singly refracting and 
belong to the cubic system ; they are sparingly soluble.in cohl w'ater. Fiv;* mols. 
of watqr are retained at 105'", and 6 mols. wjien dried in the cold over baryta. 

F. Parmentier made a tetrasodium silicododecaluolybdat^. 2 NaoO.SiOo.l 2 Mo 08 . 
nHoO, or Na 4 H 4 [Si{Afo 207 )(jJ./tH 20 , by the same method as that, employed for 
the ammonium salt. 11. Copaux obtained a salt with ti 14 by h<‘ating under * 
press, for 7^ hrs. at IbO"*, a mixture of sodium silicatf^ and molybdic ac'id, and 
evaporating the j^ale yellow liquid at 4(^'\ The yellow* triclinic crystals have the 
axial ratios a :b \ c-*l 'Gd3 : I : 0*544, and a -IMf 37', j3 --94'’.2r, and y* 83" 30'. 
They are stable in air. If the evaporatioi^ bt) eoiulut^ed at.ordinary temp., the 
triclinic crystals have « -22. They deliquesce strongly aft #x])osnr? to air, 
W. Asch obtained the salt with w =^-21 by gradually satqrating a boiling wq. soln. 
of sodium metasihcate with molybdic acid. The gelatinous sili(‘a first formed 
dissolves when more molybdic acid is added. The soln. evaporated at 45'\ 
furnishes a syrupy Ihpiid which deposits large yellow monocliiiic crystals, The 
loss of water at dilferent temp, is eq. to 17*59 mols at 100'^ ; P7*85 mols at Ulf • 
145" ; 20*15 moLs at 225"-235" ; 20*97 mols at 230"-235" ; and 21 mols at 200"- 
205". The mol. wt. of the .salt by the lowering of the f.p. by R. LdWf*nh(TZS 
method is 1912, without taking the water into consideration. When treat(‘d witli# 
chlorides, nitrates, or .sulj>hat(‘s, the corr(‘ 8 ponding silicomolybdates are formed ; 
and with organic bases like aniline, pyridine, or quinoline- yellow jiowdiTs, 
sparingly soluble in water, ur<^ formed. The .salt is decomjiosed by sodium 
carbonate, forming silica, carbon dioxide, and sodium molybdate. F. Parmentier 
prepared tetrapot^um silicododecamolybdate, 2 K 2 O.SiO 2 .i 2 MoO 3 .wH 2 O, or 
K 4 H 4 [Si(Mo 207 )Q|.wH 20 , by the process employed for the ammonium salt. 
W, Asch made vldlow hexagonal prisms with w - 10 by tn*ating the sodium salt 
with the calculated quantity of potassium chkuijide. TL. cryst^-ls eflloresce in 
air and lose their lustre. When Seated to KX)", 14*58 mok of water are lost ; at 
160", 15*32 mols; ‘at 215"~240", 15*50 mols; and at 200"-265", JO rnols. The 
sp. gr, of aq. soln. of normality N, at 10" and at 40 , are : 


N 

• . 0-4 

0-2 

0-1 

0-05 OOJT) 

OOI 2 I 5 

0-00625 

0 003126 

10^, . . 

. 1 1550 1*0771 

1 042.3 

1 -07^7 1 -008 

1 -0046 

1 00196 

1 009 

40" . 

. 1 1482 1 0724 

1 0344 

1-0098 0-9t)J)3 

^0-9967 

0-9942 

0-9920 

The nyl. conductivities at 10" and 40" 

for soln. with a 

gram*cq 

. of the salt in v 

litres of water 

arc : 




• 



V 

2*5 

• 6 • 

10 

20 , 80 

160 

320 

640 

10® 

61*05 

68-66 

7273 

*78*24 • dr60 

. 98-59 

104-12 

114-20 

40® 

110-96 

124-10 

132 65 

141-60 • 168-98 

184-15 

204 05 

238 62 


H, Copaux obtained a pota.s8iym Salt with nr-18, by evajicrating the soln. at 
40°. The hexagonal crystals have a»strdpg negative double refraction, and the 
axial ratio is a : c-=\ : 0*6809. They effloresc# in air, apd slowly decompose. At 
ordinary temp, over baryta, 16 mols of wivter are giv^ off; anct at 105", 17 mols 
of water are given olf. H. Copaux also%nade robidium silioododeoamolybdato in 
a similar manner. He found that the silicomolybdates are usually isomornhous 
with the corresponding silicoJungstates, which they also closely resemble in aegree 
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of hydration and solubility c the mercurous, thallium, rubidium, and ammonium 
salts of the two series being y^ry (sparingly soluble, whilst the alkaloid silico- 
molybdates are as insoluble as the corresponding silicotungstates. The JJotassium 
salts of silicomolybdic and of silicotungstic acids containing I8H2O form hexagonal 
crystals closely resembling 'those of quartz, anJ they are dextro-rotatory, whilst 
their^soln, are optically inactive ; la3vo-rotatory crystals of these salts can also 
be obtained from soln. containing traces of alkali impurity ; dextropotassium sili- 
co molybdate crystals have [a]j,=-{-17-(\rl7'4° and the laevo-crystals [a]D=— 17’]°. 

W. Asch, and H. Copaux made trinasic salts^ of the alkali silicoriolybdates. 
Thus, W. Asch made trisodium pentahydrosilicododecamolybdate, 1 JNa20.JH20. 
Si02.12Mo03.164H20, or Na3H5[Si(Mo207)o].nH20, by treating a mol of the normal 
sodium, salt with 6 niols of hydrochloric acid ; and H. Copaux, by cooling a mixed 
soln. of normal sodium silicomolybdp-tc and silicomolybdic acid, concentrated at 35°. 
The monoclinic tabular crystals* have the axial ratios a: 6;c— 1*341 :] : 0*999, 
and j3~100° ,38'. The crystals are stable in air. Accoraing to W. Asch, the 
' crystals lose 13*15 mols of wah'T at l(Kf-J10° ; 13*3b mols at 140°-145° ; 15*5 mols 
at 225®-235° ; 16*5 at 230°-235° ; and 16*99 Sit 260°-265°. The corresponding tri- 
potassium pentahydrosilicododecamolybdate, liK20.Hb.0.Si0:il2Mo03.13.iH.,0, 

was made l»y W. Asch by mixing a mol of the normal 
potassium salt with <6 mols of hydrocUoric acid ; by evaporating equimolar soln. 
of the actd and th(‘, 'itormal potassium salt at 45‘-50'' ; or by treating a mol of tlu' 
acid witli 2 mols of jiotassium nitrate. H. Copaux also made this salt and found 
the yellow monoelinic plates have the axial ratios a:h: c— 1*200 : 1 : 0*860, and 

102'" 21'. According to W. Asch, the salt loses 12*16 mols of water at 80°-100'' ; 
12'‘9 mols at 160° ; 13*02 mols at 215° ; and 14*02 mols at 260°-265°. The salt is 
stable only in the''presence of an excess of acid ; and in contact with water the 
crystals become turbid and then dissolve completely. 

W. Asch made tetrasOver tetrahydrosilicododecamolybdate, 2Ag20.8i02. 
J2M0O3.I2H2O, or Ag4H4[Si(Mo2()7)fl].12H2(), by mixing dil. soln. containing 4 
mols of silver nitrate and a mol of sodium silicododecamolybdatc. The soln. is 
evaporated at 45°“50°, and filtered. It furnishes yellow glassy cTystals. Th(i sail 
is decomposed by water with the separation of silica ; it is solubhi m aq. ammonia : 
and with hydrochloric acid, it forma silver chloride. F. Farmentier also made tetra- 
silver silicododecamolybdate. According to W. Asch, if dil. sol^). of 3 mols of silver 
nitrate and a mol of potassium hemihydrosilicododecamolybdate are mixed and 
concentrated by evaporation, ruby-ri'd crystals of trisilver pentah^drosilicododeca- 
molybdate, lJAg20.Ul20.SiO>F2Mo03.1lH20, Ag3ll5[Si(Mo207)6].9H20, are 
formed. On standing, ‘.he crystals become insoluble in water. II. Copaux 
made silver potassium silicododecamolybdate, UAg20..2K20.3i()2,12Mo03.7H20, 
Ag3KH4[Si(Mo.207)(jJ.5H20, by the evaporation and crystallization of a soln. contain- 
ing potassium silici dodocamqlybdate, silicomolybdic acid, and silvei nitrate. The 
amount of water of crystallization depends on the temperature at which the soln. 
is evaporated ; at 18°~ 2y°, jjed, triclinic crystals containing 7H2O are deposited ; 
and at ]2°-14°, yellow, tnclinic crystals containing IbHgO. Yellow, cryslalline 
crusts with IIH2O wore also formed. The red colour of one of these hydrates is 
unusual for a silicomolybdate, which are characteristically yellow in colour. 

W. Asch treated a soln. of tntrasodium silicododecamolybdate with a calcium * 
salt and obtained calcium silicolodecamolybdate, 2Ca0.Si02.12Mo03.24H20, or 
0a2H4[Si(Mo2O7)g].22H2O, and H! Copaux made crystals of a similar salt with 
26H2O by evaporating a mixed soln. uf a calcium salt and the complex acid at 20°. 
The uniaxial crystals are positive and feebly doubly refracting. They effloresce 
superficially on exposure to air. 3y evaporating the soln. at 10°, a salt with 
3IH2O is formed in regular octaliodr^^. H. Copaux made trigonal crystals of 

ftrontium silicododecamolybdate, 2SrO.Si02.12Mo03.26H20, dr Sr2H4[Si{Mo207)o]. 
24H2O, by the spontaneous evaporation of a mixed soln. of the complex acid and 
a strontium salt in the cold or at 30°-35°, The trigonal crystals have the axial 
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ratio a : c=l : 2’639, and a==56® 44'. The uni^ixial crystals are negative and feebly 
doubly refracting. They effloresce sujMjrficii^y on e^^sure to air, H. Copaux 
made flix%ided inouoolinic prisms of bariom silii^odeoainolybd^ 2Ba().8i02. 
I2M0O3.I6H2O, or Ba2H4[Si{Mo207)5].14H20, by ev^aporating a mixed soln. of 
the complex acid and# t# barium %alt at 50"'. Tlie crystals have the axial ralios 
a : 6 : c=l*81 1:1: 1554, and*j3”- 104"’ 15'. If the ioln. be^evaporated at 32"', 
trigonal crystals, with 22H.2O, and the axial ratio a : c- l : 1;28C5, and 88" 4', 
are formed. The uniaxial crystals are n^ativ«‘ and strongly doubly refracting. 
They efflorgsce on exposure to air. They dissolve in four times their weight of 
cold water. By et^aporating tile soln. at 20"\ H. Copaux obtained a salt with 
29H2O in regular octahedral crystals. W. Asch made yellow crystals of a similar 
salt with 24H2O by double decompositiou of a barium salt with the sodium silico- 
dodecaj;nolybdate. The salt is soluble in water ; and the er}^fals lose watei on 
exposure to air. * • , • 

W. Asch made yelhTw crysuls of magnesium silicododecamelybdate, 2MgO.SiU2. 
I2M0O3.3OH2O, or Mg2H4[Si(Mo.2()7)g|.28H2(b by (h)uhh‘ deoompositioji with th(j • 
sodium complex salt and a mag!M‘.si»un salt. II. Copaii.x made the inagnesiuiii salt 
with 311120 l)y cyaj^)oratiug a soln. of tiie acid with a fnagnesinm salt at 15" 35 '. 

I he yellow octahedral crystals belong to ihe enbie svsti'm. TIk'Y readil)^ effloresce 
on exposure, and are sjjariugly soluble in^wnter. II* ('ojiapx also made yellow 
cubic octahedral crystals of zinc silicododecamolyWfate, 2ZnO*8i(^.12Mo03.3lll20, 
/n2H4[Si(Mo207)5j.29lLO, by evajioration at J5“-35". Tlo'y (‘illor^’ see on 
exposure to air, and are very soluble, (ireimish-vellow triebine crystals of cadmium 

siUcododecamolybdate, 2("d0.Si02.12Mo03.22H2(), or (M2H4lSi(Mo207)6].2uH.>0, 

wore made in a similar way. 'fhe axial ratios are a\h\ c- U‘44()* 1 : 0‘383, 
a~88" 43', ^ 91'^ 14', and y - 84" 42'. They are stable in aipf and readily soluble 
in water. 11. Copaux also made yellow, Lsotropic, ocfahcdral crystals, aluminium 

SiUcododecamolybdate, 2AL03.3(8i().,.l2Mo03).93ll2(), or Al4lif4[Si(Mo2()7)6ll3. 

871120, by evaporating in the presence of (juicklinic, at 15"- 35", a soln. of 3 mols^ 
of siliconiolybdic acid and 4 mols of aliiininiiim chloride. 8. J. Thugiilt made 
sodium aluminium siUcomolybdate, 4(Na.,0.2Si02).Na2Mo04.71l20, or mohjhdato- 
sodaliie, by beating kaolinite, sodium hydroxide, sodium molybdate, and water 
for 78 hrs. at 195^' 215‘ . F. Parmentier made tUallous siUcododecamolybdate, 
2Tl20.Si02.12Mo0.^.10H20, or Tl4H4[Si(Mo207)o].81l20, as a yellow crystalline 
powder, by double decomposition of ammonium silicomolybdate or siliiiomolybdic 
acid^witli a solnf of a thalloiis salt. H. Copaux made chiomium siUcododeoa- 
molybdate, 2Cr203.3(8i02.12Mo03).93H20, ai^l, ferric siUcodtjdecamolybdate, 
2Fc203.3(Si02.12M()03).93H20, l^iy a process similar W ^hat employed for the 
aluminium salt. • 

A number of complex comjiounds oj silicic and tungstic acids has been studied 
principally b}^ J. C. G. dc Marignac,^ G. Wyro^bolf, and H. Cojjiiux. There appear 
to be three hydrates of hydrosiUcododecatingstiC^acid, and an isomeric form. 

^oclocosihydralc, iy8i(W207)e].28H20, crystallizes ai ordinary temp. Ixdow 
28'5"*frorn aq. soln.; above 28r)'^, rhombic cr^st^s of the docosihydrale, 

. H8[Si(W207)6l.22H20, ajipear. Cone, arp soln. of the acid when treated with 
fuming hydrochloric acid give thin prism.s of p€7Uademhy(lmU’,}\^[^i(^ 

15H2(). An isomeric fiornp aif icoftihydrale, H3[8i(W2()7)fl|.20H2O, has also been 
obtained in triclinic crystals. The isomf^ric forms tire syjmbolized . 
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W. and D. Asch’s hexife-pentii^ hypothesis applies better to the deca- and 
dodeca-tungstic and *molyJ)dic acid(; than to the aluminosilicic acids. In this 
theory it is assumed {hat the dodecamolybdic and dodecatungstic acids' and salts 
are compounded of hexite ribgs : 



Mbtdbhnvidtdto ‘ 

Cn Cl ^ 

% 


where K represents the soxivalent radicle W or Mo. This makes a series of three 
possible salts of the type : lHM0.Si02.A2W03, and with nuclei : 


(I 



The calcium salt, 2OaO.8H2O.SiO2.i2WO3.wH2O, which retains 8 mols of water at 
100°, can bo represented 



m), (0H\ 


Likewise the dimorphous potassium salt, 2K2O.2H2O.SiO2.i2WO2.7H2O, can be 
represented 



The decatungstic atids and ealts are represented in an analogous manner by 
means of pentite rings. Thus, 4R20?Si02.10W03 becomes 



J. C. G. de Marignac reported isohydrOHSalicododecatungstic 
Si02.12W03.24H20, or (Si02.4H20).12W03.20H20, Lc. H8SiWi2O42.20H2O, or 
H8[Si(W207)3].20H20, to be formed by evaporating an aq. soln. of silicotungstic 
acid to dryne;^, digesting the residue with viator, and again evaporating the aq. 
extract to a syrupy liquid which then furnishes fine crystals. H. Copaux repre» 
sented the composition of tlie acid by (Si02.2H20).12W03.22H20. 

if* I 

H. Copaux prepared this acid by dissolving sodium 1 jiigstate in 7-8 times its weight 
of water, and gradually adding 20 per cent, sulphuric acid until the soln. reacts feebly 
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acid to litmua. An aq. boIol of t}ie calculated qu%Qtity of todium silicate is then added, 
uid the 8oln. again acidified with sulphuric acid. The mixture is evaporated on the 
water- batlu until oily drops separate when treatJli witti sutphurift acid and ether. The 
or^tals obtained on cooling are a mixture of the requirec^ acid with a higher hydrated 
acid. The two are separated by converting them into their potassium salts. According to 
H. Copaux, the former gi\ie#2K,0.SiCfs. 12 WO j.lSHjO, thelfdter 2 K 40 .Si 03 . 12 W 0 ,. 9 H| 0 ; 
'the former salt furnishes coiouriuss hexagonal crystals vlUch deliquesce m air ; the Hitter 
salt furnishes yellow rhombic crystals which do not deliquesce in*air. Hence by exposing 
the mixed s^ts to air at 40"", the more deliquescent salt is readily rdinoved. The salts are 
converted to the acids by treatment with a mi^ure of other and Ailphuric acid. 

G. Wyrouboff also prepared this acid by a similar process. E. Iftcchpel 
prepared a silicododecatuogstic acid by the action of a soln. of sodium tungstate 
on gelatinous silicic acid. The proportion of contained ;vater not detevninod. 
The cr3^tals of the hydro-silicododecatuugstic^cid are triclinic pinacoids, which, 
according to J. C. G. de Marignac, and P. Groth.^iave ^he*axial ratios and angles 
a : b : c-0;5829 : 1 : 0-i&34, and a --93" 23' ; =122" 20'; am] V. 

J. D. Klein discussed tlie Lsoinorphlsm of silicotungstic and borotungstic acids. 
The crystals were studied by W. Muthmann, and F. Jiambonini. According to 
H. Copaux, the humhlity of the air detcftnines whether the acid is stable or eHlo- 
rescent. The aci(f partially melts in its water of crystallization below 1(5) ; and 
at 200", it loses all but two mols of water, iprming p fine powder which is readily 
soluble in water with the development of heat. After heat in^^o •300", the acid is 
soluble in water, and on evaporation furnishes the original acid, but if lumted to 
dull redness, the acid is decomposed. The acid is soluble in ether. When the 
aq. soln. is heated in a sealed tube to 150", it alters more quickly than docs the 
potassium salt ; and the dry crystals also change when kept for some tiifte. 
F. Bourion stated that at 150"-280", chlorine mixed with th6 vap. of sulphur 
chloride, SCl^, removes all the tungsten from the acid.* According to J. 0. G. de 
Marignac, when the acid is melted with sodium carbonate, 1777 per cent, of carbon 
dioxide is given off ; and the acid also readily unites with 2 and 4 mols of base to 
form salts. J. D. Klein prepared the two scries of salts. 

(i. Wyrouboff, unci A. Bertrand prepanxi complcxcH of the silicododeoalungatio jieidii 
with the alkaloids, A, 4 A.Si() 2 . 12 W 03 .nH^(), by treating a cold cone. soln. of the alkaloid 
with a 5 {3or cent. soln. of silicotungstic acid. Tho use of silicotungstic acid as u tost for 
alkaloids, etc., has begn discussed by J. C. G, de Ma.iganc, F. Kelirmiinn, and B. Kliir- 
scheira. AI. Javillior studied tlie silicotungstatos of conicino, spartion, and atropiiu'. 

• 

J. C. G. de Marignac prepared normal bctamniPIUUm isojilicododdcatungstatef 
4(NH4)20.Si02.12W03.l6H20, or fNIl4)yi»Si(W207)6j.l6Hf0fby evaporating a soln. 
of the acid in aq, ammonia ; and also by boiling || soln. of normal ammonium 
decatungstate for a long time, filtering off the precipitated silica, and coohng 
the soln. The^white amorphous mass is readiiy sohible in hot water. He also 
made tetrammooiam isot6trahydrosiU(x>dodeti^^ 2(NH4)20.2H20.Si02. 
I2WO3.6H2O, ie. (NH4)4H4[Si(W207)ft],6H20, by bailing a hydrochloric acid 
soln. ofiithe preceding salt or of one of the silicododecatungstatos, and cooling the 
soln. is soluble in hot water and when boiled with an exc^bss of aq. ammonia 
furnishes ammonium hydrotungstate. G. Wyrouboff regards tfiis as the normal 
salt, and J. C. G. de Maiignac’s normal salt as a b^sic salt. J. C. G. de Marignac 
found that when a soln. of on« mol of Si02*12W0j.24H20 is treated with 4 mols of 
sodium carbonate it furnishes a syrupy mass, but. if 6 mols of the carbonate are 
used, trigonal crystals of tetra^ttm . isotetrah|drosiUcodoteoat^^ 
2Na2O,2H2O.SiO2.12)YOs.l0H2O, (ft N^4H JSilWgOyjeJ.lOHgO, are formed. The 
crystals have the axial ratio a :c~l : aiid a=86" 50' ; they are stable in 

air, lose 8 mols of wAter at 1(X)" ; and when fused with«ddium cafb<>nate, give off 
11 mols of carbon diotide. H. S. van Kl«08*ter found that fused sodium tungstate* 
and silicate are almost immisciWe below 1100°. J. 0. G. de Marignac prepared 
badly<formed, rhombic crystal! of normal octopotowillill ifOfili(X)dodecattUlflt^ 
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4K20.8i02.12W03.20H20 ;Hhey loee 15 mols of water at 100°, and when melted 
with sodium carbonate; givtf off }) mc/s of carbon dioxide. 

J. C. G. de Marignac obtained the octocosihydrate, Hg[Si(W207)g].28H20, 
which he represented hyirosilicododecatung^c acid, Si02.12W03.32H20, by 
treating the mercurous salt Vith hydrochloric acicl, and removing traces of mercury 
from the filtrate by h^^drogen sulphide. The filtrate was cone, by evaporation, 
and allowed to crystallize. This hydrate crystallizes from aq. sob. at temp, below 
28'5°. H. Copaux re{)resented the ach\by (Si02.2H20).12W03.31H20,‘ and made 
it by the action of a sob. of sodium tungstate on freshly precipitatejd gelatinous 
silicic &cid ; and by the action of hydrated tungstic acid on a sob. of sodium 
silicate. 

H. Copaux prepared tlie acid as follows : Gelatinous silicic acid is made by adding 
cone, nitric acid to a djl. soli., of so'dium silicate until litmus is reddened. The silicic acid 
is treated with a soln. of sodium tungstate in five times its weight of water. The mixture 
4 is diluted so thht the weight of liquid is about eight times that of tungstic oxide employed. 
The soln. is strongly acidified wi'th acetic acid, and heati'd to its b.p. ; when hydrochloric 
acid pniduces no precipitate, the soln. is cooled, and treated with a mixture of etlier and 
113 per cent, of sulphuric aciil until the tuibidity persi.sts when stirred. The mixture 
forms tliAie layers-- the lowest layer is a compoimd of ether witli flio'24 and .32 hydrated 
HilicotungBti(i acids. Vhe two acids are separated by fractional crystallization of the 
potassiuip salts ThC .salt 6f the highel hydrate furnishes the lii>it cro}) of hexagonal 
prismatic crystal, file lower liydrate foiins rhombic crystals. The potassium salt is 
convert/'d into tlie acid I ly^ treatment with sulphuric acid and ether as betore. 


According to J. C. G. de Marignac, the octocosihydrate forms colourless t(dragonal 
crystals, but they sometimes have a yellow tinge. The axial ratios are a : c 
"-=1 : 1*0117. Ac(Jording to G. WyroubolT, the crystals of the acid have an 
extremely feeble positive double refraction. They effloresce rapidly in air. The 
crystals begin to melt in their water of crystallization at 3G°, and at 53°, fusion is 
' complete ; at 100°, 25 mols of water are given off, and no more is lost at 150° ; 
between 150° and 220°, 6 mols of water are given off ; and the remaining water is 
evolved at 250°. The product so obtained dissolves in water with the evolution 
of much heat, and when the soln. is evaporated, it gives the original acid ; but if 
boated over 350°, the orange-yellow product is insoluble in water. When melted 
with sodium carbonate, l()'70 p(‘r cent, or 13 mols of carbon rlioxide are expelled. 
At 18°, 100 parts of water dis.solve 9G parts of the acid, and the sob. has a sp. gr. 
2’843. The acid is readily soluble in absolute alcohol ; if an excess of ether be 
added to the idcoholie. soln., tvv ' liquids are formed, the low'er layer is a syrujiy 
sob. of the acid in ttl^l'r. Anhydrous jther dissolves the acid and the crystals. 
E. Brauer found that the aqid is not readily hydrolyzed, atid the cone, of the 
hydrogen ion is [H’]=2'9xl0~^.. G. Wy"ouboff regarded the acicl as tetrabasic, 
H4SiWi2O40.31 HgO ; J. C. Q, de Muignac, A. Rosenheim, and H. Copaux regarded 
it as octobasic. 8ilicododecatungstic acid is used on account of the colour reactions 
it gives with alkaloids, mid .many organic bases, a subject discussed by E. 0. North 
and G. D. Beal. ' 

J. C. G. do Marignac prepared the docosihydrate, Si(t2.12W03.2GH20, o? 
(Si 02.4H20).12W03.22H20, t.e. H8[8i(W207)6].22H20, by partially melting 
by dro-silicododeca tungstic acid in its water of Crystallization and allowing the 
decanted liquid to crystallize sltiwly ; by crystallizing an aq. sob. of the acid 
above 28*5° ; by evaporatbg a soln. of the octocosihydrate acidified with sulphuric 
or hydrochloric acid. The trigonal crystals have the axial ratios a : c— 1 : 1*2360 
anda=88° 47', G. Wyrouboff found the .crystals of hexacosihydro-silicododeca- 
tuugstic acid to be physically and^chemically isomorphous with tetracosihydrated 
silicotungstates of lithium, and the alkaline earths. The crystals of the acid have a 
#3trong negative double refraction. The* crystals do not effldresce in air, bnt they 
. lose 18 mols of water at 100°. With fused sodiifb carbonate, 17*38 per cent, of 
carbon dioxide is given off. G. Wyrouboff regarded the acid as tetrabasic, 
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H4SiWi204o.24H20 ; J. C. G. de Marignac, A. Rosenhcitn, and H. C^paux regarded 
it as octobasic. • • • * 

G. W^rouboff, and E. 0. North and G. D. Beal prepared non-cryatul- 
line ammonium silicododecatungstate, 2 (NH 4 )o 0 .Si().,. 12 W 08 . 8 lLi 0 , or 
(NH 4 ) 4 H 4 [Si(W 207 )fl]. 8 rf 20 ; aiufalso (NH 4 ) 4 Wj 2 ^ 0 ;o.INH 40 H. 14 H 20 , but no 
acid salt was made. The rtminbohedral crystals of tdtndithium ^iiicodo^ooa- 
tongstate, 2 Li 20 .Si 02 I 2 WO 3 . 24 H 2 O, or Li 4 H 4 [Si(W.> 07 ) 6 ]. 12 H 20 , wore found by 
G. Wyroubt)!! to have the axial ratios a :c §\ : I'CIHO. With soln. at 40° -45'’, tn- 
clinic crystal? of 2 Li^ 0 .Si 02 . 12 W O 3 . MILO having the axial ratios 1 T642 : 1 : 0 9081 
and a-- 90°, /3--94°^20', and y - 80° 26' were formed. The crystals resembfh those 
of 2 Na 2 O.SiOo.i 2 WO 3 .i 3 H. 2 O. The triclinic crystals are feebly doubly refracting, 
and rapidly become turbid without loss of weight. .The sajt, loses 8 niols of 
water 105°. G. Wyrouboff also made trigtuial crystals of a higher hydrate, 
Li 4 H 4 [Si{Wo 07 )( 5|.2211 with the axial ratio a : c : l‘S09l), and a strong negative 
double ndraction. The crystals were studied by W. Muthmann, and F. Zambonini. 
The salt loses 1‘9 mols of water at 105°. G. Wyrouboff also made dilithium 
silicododecatungstate, Jd20.Si()2.12W0;j.24H.20, or Li. 2 lJo[Si(W 207 ) 6 l. 2 lH 20 , from 

a mixture of 20 ,gr 4 >i.s. of the* pn‘viouS liydrate, and 10 grms. of silic^tungstic^ 
acid. • 

J. C. G. de Marignac prcjainal nornuil 'octospdilim siMcododecat^gstate* 
4 Na 2 O.HiO 2 .i 2 WO 3 . 7 H 2 O, or Naj;[Hi(W 207 ) 6 ]- 7 IlA by boiling* awid sodium tiing- 
.statc with water and gelatinous silica. The liquid, on evafioration, furnlshetwieedh*- 
like crystals ; 1(K) parts of the salt dried at OX)® have the conijio.sition just indicated, 
and 1(K) parts of water at 19° dksolvc 476‘2 parts of the salt, and ^he soln. has a 
sp. gr. 3'05. By treating this salt with hydrochloric acid at dilTerent temp., atid 
salts are producinJ ; wdth an excess of liydrochloric acid, and aX 40°“50°, triclinic 
piuacoidal crvsials of hertahydraicd tetrasodium difiydrosilicododecatuugstate, 
2 Na 20 . 2 H., 0 .Hi 02 . 12 W 03 . 1 1 II 2 O, or Na 4 H,t 8 i(W 207 )flJ.l IH.O, are jiroduced. The 
talmlar crystals have the axiai rutiob a\h\ c- 10932 : 1 : 0'9102, and a 88' 52' ; • 
^--95° 18' ; and y -86° 37'. The cry.Htals are strongly doubly refracting ; stable 
in air ; they lose 7 mols of water at 100" ; and (*xpel 1 1 mols of carbon dioxide from 
fused carbonate. The hydrochloric acid soln. at 35", furnishes the dodecahydrafed 
salt in triclinic piuacoidal crystals with axial ratios b : c= 1 '6083 : 1 : 0*5542, 
and a--90" 52', |3-~95° 22', and y 83° 34'. The double refraction is negative. 
The crystals arc stable in air. They lo8(^ 9 mols of water at 105°. The dehydrated 
salt dis-solves coni^detely in water. At ordinary tein])., the hydrochloric acid soln. 
furnishes the octodecahydrated sail which occurs iif dimorphous, triclinic, piuacoidal 
(crystals, with a strong double refraction. The a-sall ffaS the axial ratios and 
angles a:h: 0-^1*0320 : 1 : 0*9092, and a . 94° 2' ; i^==93° 32' ; and y= 88° 21', 
while the p-saU has a:b: c=0*8050 : 1 :«l*1221, and a~93° 14' ; j8-=-103° 39' ; and 
y~88° 3'. Both forms effloresce ra])idly in a^r. ‘Di^ring the ovaporation of the 
aq. soln., cr}’8tals of the hciialiydratc first aljipear, then crystals of the ^-salt, 
antf finally crystals of the a*salt, for the metastablc passes into the a-form. 
Both varieties of the octodecahydrate rapidly pass into the henahydrate. At 1(X)°, 
i-he octodecahydrate loses 14 mols of water, and at a red heat'all the water is lost. 
When fused with sodium carbonate, 11 mols of carbon diojfide arc given off. 

If a soln. of the octodefahydrile be tre|itcd with gulphuric acid,* or wit h silico- 
tungstic acid, and evaporated, at 25°-3f)°, J. C. G. de Marignac, and C. Wyrouboff 
found that crystals of duodium hezahydrcHnii(X)dode(Atmi^^ Na20.3H20. 
Si0o.l2W03.14H20, or Na2Ho[Si(W2Cr7)8l.l4rfl20, are fprmed in positive, doubly- 
refracting, triclinic {unacoids witn aiial ratios a : ft : c=l *0748 : 1 : 0*9521, and 
a=:89° 6', /3=-95° 50', and y=85° 17', Whenfthc aq. soln. is evaporated, silico- 
tungstic acid is first* formed, and the cone., mother liquid deposits crystals of the 
original salt. J. C. Gr. de Marignac, and d. Wyrouboff obtained triclinic crystals o4 

sodium mtratosilicododecatuiiiftate, 4NaN03.3(2Na20,2H20,Si02.12W()3.13H20), 
Mrith axial ratios a : 6 : C“1W57 : 1 :0'8642, and a=89° 35', ^~90° 20', and 
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y=59r 6'. The mixed crystals loseiSO mols of water at 100°, and drive 31 mols of 
carbon dioxide from ^ed sodii^m ci^rbonate. 

J. C. G. dc Marignac prepared the normal salt octopotassiam sillbododeca- 
tmigstate, 4K20.Si02.12W()3.14H20, or K 4 H 4 [Si(W 207 ) 6 ]. 12 H 20 , which F. Kehr- 
mann represented by the formula 7 K 2 O. 2 SiO 2 . 26 WO 3 .wH 20 . It was obtained by 
boilihg a soln. of acid potassium tungstate with gelatinous silicic acid, until a few 
drops of hydrochloric acid produced no turbidity. On cooling, a crust of crystals 
appeared, and the salt was purified recrystallization from water. It is also 
obtained by treating the acid salt with potassipm carbonate. The, Imperfectly 
formed* crystals appear to be cubic, but they are doubly refracting. The salt 
loses 4 mols of water at 100° ; and drives 9 mols of carbon dioxide from fused 
80 fliuu\ carbonat^. ^ 100 parts of water at 18° dissolve 10 parts of the salt, and at 
100°, 33*3 parts of salt. Three ackbsalts have been reported. J. C. G. de Marignac 
made thpotassium p 6 nUbydro-iM(X)dodecatiiiigstat 6 , 3 K 20 . 5 H 20 . 2 (SiO 
25 H 2 O, say, K 3 H 6 LSi(W 207 ) 3 ]. 12 H 20 , by concentrating ana cooling a soln. of the 
* tetrapotassium salt with an excess of sulphuric acid ; the first crop of crystals is 
an acid silicotungstate, tlip second crop is mainly hexagonal crystals of the tetra- 
potassium salt, and the mother liquid furliishes rnonocHnic pxianis of tlie tripotas- 
sium salt. G. Wyrouboff crystallized the salt from the sulphuric acid soln. between 
30° and 40°. The axial ration of tficicrystals are a : : c— 1‘2148 : 1 : 0*8499, and 
j3=102° 16'. Tke ctuuble refraction is negative. The crystals are stable in air; 
lose 27 mols of water at 100° ; and give 23 mols of carbon dioxide when fused with 
sodium carbonate. The salt is decomposed by water so that the concentration 
of the aq. soln. first gives crystals of the tetrapotassium salt, then crystals of the 
tripotassium salt, and finally rhombohedral crystals of silicotungstic acid con- 
taminated with potassium. E. 0. North and C. D. Beal analyzed potassium 
silicododecatungstate. 

G. Wyrouboff obtained rectangular plates of tetrapotassium tetrahydro-siUco- 
t dodecatungstate, 2K20.2H20.Si()2.12W03.13H20, or K4H4[Si(W2O7)0].13H2O, by 
evaporation of the soln. acidified with nitric acid at a temp, exceeding 30°, or at 
ordinary temp, in the presence of cone, nitric acid. The monocbnic prisms have 
axial ratios a : 6 : c— 1*4715 : 1 : 1*9939, and j8- - 102° 54'. The double refraction 
is feebly negative. If the normal octopotassium salt is treated with hydrochloric 
acid, and the soln. evaporated, J. C. G. de Marignac found that colourless hexagonal 
crystals of the octodemhydrate, 2 Ko 0 . 2 n 20 .Si 02 . 12 W 03 . 16 H 20 , are formed, with 
the axial ratio a : c=l : 0*8585. G. Wyrouboff, and C. Soret noted the crystals 
exhibit circular polarization, t4’4° with the Z)-line. The crystals effloresce on 
exposure to air, and loso^l7 mols of water at 10(i°. All the water can be expelled 
at higher temp., and the deh}idrated salt dissolves readily in Water With molten 
sodium carbonate, 11 mols of carbon diocade are given off. 100 parts of water 
at 20° dissolve 33*2> parts of fialt. £. C. G. de Marignac also prepared two varieties 
of the hydrate 2 K 20 . 2 H 20 .Si 02 . 1 ' 2 W 03 . 7 H 20 . It is not clear if the alleged 
varieties contain the 8a;ne ^^ugntities of water of crystallization. The rhombic 
bipyianuds have axial ratios a:b: c— 0*8243 : 1 : 1*3311. The one form odours in 
short thick prisms, the other in six-sided plates. Both varieties lose aboub 7 mola 
of water at 100° ; -and about 11 mols of carbon dioxide are given off when fused 
with sodium caTbonate. Both forms are very soluble in hot water, and less so in 
cold water. According to H. Crtpaux, when heated 'with water in a sealed tube 
at 150°, an isonieric derivative of si02.12W03.32H20 is formed. 

K. Godeffroy made normal octorobidiulm l^cododecatangstate, 4Rb20.Si02. 
12 WO 3 .nH 20 , or Rbg[Si(W 207 ) 3 ].«Hop, as a white precipitate by adding rubidium 
chloride to a soln. of the acid. Crystals are obtained by evaporating the aq. 
soln. 100 parts of water* at 20° dissolve about 0*67 part of the salt," and at 
,100°, about 5 parts of the salt ; it dissolves sparingly in acidulated water, and 
readily in ammoniacal water. It is not soluble 'in alcohol. G. Wyrouboff also 
mad6 the normal salt and an acid 8 alt-- 2 RtOH.SiO 2 .i 2 WO 8 . 5 H 2 O, and 
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3Rb20.H20.2(Si02.12W08).22H20. By mix^g a mol of silicododecatungstic 
acid with 2 mols of rubidium carbonate, he obtained a yrhite gelatinous precipitate 
which WM washed by decantation, and drieu in Jir. The white powder has the 
composition trirubidiiwi h3rtrosiH«)dodecatmigstate, •3Rb^ 

22H2O, say, Rb3H5[S^W207)a].9H20 ; it loses 15 mols of water at lOS'^. When 
treated with nitric acid, and*^^ashed with water, ft furnishes dirabidiom fflico* 
dodecatungstate, Rb2O.H2O.SiO2.i2WO3.5H.2O, or Rb2S4[Si(W207)8].4H20, 
which lose# 5 mols of water at 105^^. R. (Meffroy also made OCtMSBSittlU siliC0« 
dodecatongsiate, 4C820.Si02.l2W03.«IL^ or Cs4H4[Si(W207)8].nH20, like the 
correspondiftg rubidium salt. 100 parts. of water at 20"* dissolve 0*005 ^art of 
the white crystalline powder ^and about 0*5 j)art at 100“. It is not soluble in alcohol 
or acidulated water, but it dissolves in ainmoniacal water. 

G. Wyrouboff prepared crystals of cupric silicodoiiecataifttitate, 2Cuft.Si()2. 
12 W 03 . 2 to 20 , or Cu2H4[Bi(W207)(j].27H.2t) f rhanibohedral crystals of 
2Cu0.Si02.12W03. 271^0 with a : c--l : 2*67b<), which arc stable^ below 10“ ; 
between 10“ and 40“ the pentacosihydrate is formed ; and over 40“, the tetradoca- 
hydrate. The crystals of the dodecahydrate are isomorphous with the corresponding 
strontium salt, and have thp axial ratios (% :h : c- 1-4G02 ? 1 : 1*0283, and yr.-.84“ 14'. 
The crystals wer^ s5idied by W. Muthmann, and F. Zambonini. J. V, 0. de 
Marignac made octosilvw silicododecattHfgstate, 4.4^.20.SiP2.12W03.3H.2(), or 
^ yellow precipitate, ty treating* a^^ aq. solTi. of the 
ammonium salt with silver nitrate. Tt loses its water below a red h(|at and 
becomes dark violet. The salt decomposes at a bright red heat. It is not jier- 
ccptibly soluble in cold water. The wash-water is opalescent, and it clears on 
boiling. J. (}. de Marignac prepared tetrasilver tetrahydrbsilicododeca* 
tungstate, 2Ag2O.2H2O.SiO2.i2WO3.7H2O, or Ag4H4[Si(W207)6l.7H20, by 
evaporating a soln. of silver earbonate in the dil. at’id. The salt is sjmringly 
soluble in water, but soluble in dil. nitrie acid ; hy(lr(>chloric acid gives a preeijutatc 
of silver chloride, (b WyroubotT found the salt to lose 4 mols of water at 105°. • 

J. (J. G. de Marignac obtained ill-defined crystals of normal cahnnm silico- 
dodecatungstate by dissolving calcium carbonate in the warm acid. Three 
hydrates of the acid .salt of calcium tetrahydrosilicododecatungstate, 
20a0.2H20.Si().,,l2W03./<H2G, have Ixkui obtained by crystallization from a cone, 
soln. of ealeium carbonate* in bydrosilicotungstic acid. G. WyroubotT obtained 
the he*xadex*ahydrat1>, 2('a0.Si02.12W03.18H20, eir at 

30“ from soln. str»ngly acidifieel with nitric aeud. The six-sidexl jdates are trielinic 
with axial ratios a : h *0=1^228 : 1 : - , ifnd 40'. ^ 00“ 30'^and y --81“ 6'. 

The e-rystals were studied by W.*MutJiymiui, and F. Zani^ouini. The salt loses 
10 mols of water at«105“. 'fhe doce)8ihydrate was ^btaimnl at 45“ or at ordinary 
temp, from sol A. acidified with nitric a^ief. The trigonal crystals have the axial 
ratio a : c~l : J[*2523, and a -89“ 8'. J. i\ G* elft Marignac sjyd that this salt is 
isomorphous with rhornbohedral silieodoele^cf^ungsti? acid and with the corre- 
sponding barium salt ; it loses 16 mols of wate^r at lfK)“ ; anei drives 11 rnols of 
carbontdioxide from molten sodium carbonate. IPhe^salt loses 17 mols of water 
at 105“. The pentacosihydrafe feinns trigonal crystals with U : c ; 2*6419, and 
a=56° 42'. It lo.se8 19 mols of water at 105“. J. 0. G. de Marignac made triclinic 
crystals of the icosihydrf^i^e, Ca2H4[Si(W2O7)(j].20H^O, which became moist, but did 
not deliquesce, in air. Tfee prismatic* crystals fiad the axial ratios a:b\c 
—0*4461 : 1 : 0*5121, and a -86“ 52', 1 19“ 38* and y— 96“ 2\ The salt is very 

soluble in water; it loses 13 mols of water a| 100“ ; and expels 11 ftiols of carbon 
dioxide from fused sodium carbonate. 'Jriclinic crystals of another salt, •the composi- 
tion of which is doubtful, but approximate! to^Ca0.3H20.2(8i02.12W08).47H20, 
had axial ratios a*: 6 : c=0*5917 : 1 : 0*8627, and 6', /i=102“ 34', and 

y=99° 24'. It lost 30 mols of water at 100*. ^ 

G. Wyrouboff obtained what ite presumably mixed crystals of ealClum nitritOfltlOO- 
MMltnogstate, Ca(N0,),.2Ca0.t5i0,. 12WO,. 16H,0, with calcium nitrate by crystalUAtion 
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ftt 30“ from soln. strongly aerified with nitric acid. The monoclinic prisms have axial 
ratios a ; 6 : c—O'OOSO : 1 : 1 1820, and*fl=s94® 62'. The mixed salt loses 8 mols of water 
at 106®, and all at 250«. He aW obifeined a triclinio tridecahydrate. Both salts are 
decomposed by water. . ^ 

G. Wyroubof! prepare^ four hydrates of i^trontiui^. ^trahydrosilicododeca* 
tungstate, 2 SrO. 2 H 2 O.SiO 2 .i 3 WO 3 .nH 2 O, from soln of strontium carbonate in the 
silicododecatungstate. * The tetradecahydrate separates from aq. soln. over 50°. 
The monoclinic crysl^s are isomorphous with those of the barium salt.* They lose 
9 mols of water at 105°. A nitric ac^l soln. at 30° deposits first the henicosihy- 
drate %nd then a pentadecahydratc. The latter forms monoclinic six-sided plates 
with axial ratios a:h: c--l*3001 : 1 : 1-(X)58, and )3=96° 46'. The double refrac- 
tion is negative. They lose 10 mols of water at 105°.' The henicosihydrate fornvs 
triclinil; six-sided* prisms with axial ratios a:h: c=1 0212 : 1 : 0*5947, and a=92° 46', 
j3~9r 16', and y— 95° J 8 '. Thb crystals rapidly become turbid on eflposure 
to air, without loss of weight. They lose water at 105°. <The henicosihydrate is 
# stable betweSn 30° and 40° ; the pentadecahydratc between 40° and 50° ; and 
the tetradecahydrate, over 50°. The pentacosi hydrate is formed below 30° in 
efflorescing trigonal crystals with a:c—\\ 2 5933, and a=57° 30'. The crystals 
were studied by W.^ Miithraann, and F. Zarabonini. They'^'liave a feeble double 
refraction. The crystals lose 19 .mols of water at 105°. G. Wyroiiboff also 
suspected that a doqosihyJratfe can b(^ ])roduced. 

J. 0. G. de Marignac made barium silicododecatungstate, 4 Ba 0 .Si 02 . 12 W 03 . 
271120, by adding baryta-water to hydro-silicododecatungstic acid, 8 i 02 .r 2 W 03 . 
24 H 2 O, until more than 2 mols of barium hydroxide have been added. The pro- 
dqct forms a 'sticky mass, almost insoluble in cold water, and sparingly soluble in 
hot. When the bpt soln. is cooled, it redeposits a viscid mass. If kej)t for many 
days in contact with cold .water, or for a short time in contact with hot water, 
a white powder is formed which loses 19 mols of water at KK)°, and drives 9 mols 
of carbon dioxide from fused sodium carbonate. According to .1 . C. G. de Marignac, 
wh('n an excess of barium chloride is poured into the aq. acid, a sticky mass is 
precipitated which dries in air to a hard glass of barium silicododecatungstate, 
4 Ba 0 .Si 02 . 1 OWO 3 . 22 H 2 O. Tt loses 15 mols of water at 10 ()°. If barium carbonate 
be dissolved in an aq. soln. of the acid until a ])rccipitate of normal barium silico- 
tungstato begins to ujipear, on evaporation, and cooling, the filtorc'd soln. furnishes 
prismatic crystals of dod<‘ca hydrated barium tetrahydrosiLicododecatungstate, 
2 Ba(). 2 H 20 .Si 02 . 12 W 03 . 12 H 20 . G. Wyroubolf regards this as the normal salt, and 
he obtained it by evaporating the sok. above 30°. According to J. C. G. de 
Marignac, the^monocl^nk. prisihs have the axial, ratios a : 6 : c— 1'7987 : 1 : 1’5440, 
and 403° 53'. The crystals were studied by W. Muthraanp, and F. Zambonini, 
The crystals are isomorphous Vith the strontium salt, and exhibit a strongly negative 
double refraction. The salt lories 8 mols of water at 100°, and drives 11 mols of 
carbon dioxide from fused sodium cjpbonate. If the tetradecahydrate, 2 Ba 0 . 2 H 20 . 
Si 02 . 12 W 03 . 14 H 20 , be allowed to stand in contact with its mother liquor, rhoribo- 
hedral crystals of the docosdiydrate appear. The axial ratio a : c— 1 : 1 *3407, and 
a— 86 ° 26'. The crystals have a strongly negative double refraction ; they 
gradually effloresce in air ; and lose 16 mols of water at 1(X)°. H. Copaux said that 
100 parts of cpld water dissolve 70 parts of the jSalt ; and G. Wyroubolf that at 
15°, 100 parts of water dis8ol/P'g5 part? of the salt, Ho'studi(‘d the isomorphism 
of barium silicododecatungstate and silicododccamolybdate. 

Q. WyrouboU evaporate^ a mixed soki. of tlte barium and potassium salts and obtained 
.monoclinio {Irisms of what he regarded as baiium potassium silicododecatungstate, 
K,O.BaO.SiOa.l2WO,.17H,0. The ^ axid ratio* are o : 6 : c=ro-6471 : 1 : 0-6066, and 
8 KB 98® 46', and the orystels have a positive double refraction. The crystals are stable 
m air and lose 14 mols of Water at 106®. Khombic crystals of barium sodium silico- 
^dodeoatungstate, Na,O.BaO.SiOa.l2WO,.28HjO, were prepared by adding barium chloride 
to a hot soln. of Uie acid sofflum s^t, and coolikg. The axial ratios are a : 5 : c 
3er0‘C551 : 1 ; 0*0833. If barium nitrate be used in placa of the chloride, triclinic crystals 
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containing barium nitrate are formed, and these decomp<^se when treated with water. 
Barium s^ium ailicododecatungstate loses 21 moy of water at 100°, and drives 9 mols of 
carbon dioxide from fused sodium carbonaw. Lo^g w^ing witl^ water extracts sodium 
8ilioodode<iltung8tate find leaves the normal barium salt beliind ; this, with hydroohlorio 
acid, forms barium tetrohydrosilicododocatungstate. * 

G. Wyrouboff prepared trigonal crystals of heptscosiliydrated beryllium silioo- 
dodecatungstate, 2BeO.Si02.12W03‘29H20, or Be.>H4[Si(W207)fl].27Ho(), by 
evaporating a soln. of berylUa in the acid Si02.12W03.32H£6 over 45^ or at 30"^ 
in the presence of nitric acid. The axial lutio is a : c^^-l : 2*4282, and a--=^67'^ 56'. 
The crystall lose 10*44 per cei#t. of water at. 105'\ Octahedral crystalssof the 
onneacosihydrate are deposited if the soln. bo evaporated below 45°, The crystals 
are singly refractive;, and they belong to the cubic system. They lose 1 1 *51 per cent, 
of water at 105°. G. Wyrouboll also reported crystalsof lB(i0.3(8iOS. 12W03).tir)H20, 
by eviporating the nitric acid soln. at 30'*. # The ^crystals were studied by 
W. Muthmann, and F.^anibonini. The doubly refracting crystals do not ellloresce 
in air although they become superlicially matt ; they lose water at JOlf’. J. (\ G. do 
Marignac made normal magnesium siBcododecatungstate in a manner similar to 
that for the corre.s[)Oiuling^ calcium salt.^ The. crystals ^ere studied by W. Muth- 
mann, and F. ZarflboTiini. J. (\ G. de Marignac. and G. AVyronl)olT also made acid 
salts, magnesium tetrahydrosilicododecatunfi:state,2Mgy.2H26.Si02.12W03.r?H20, 
with 7t-- -16 and 25. The hexadecahydrate is ohthim'd by.uonc. of a»soln. of 
magnesia in the acid. It forms triclinic crystals with axial taHoh a :h:c 
-=-0*4062 ;1 :0-3yr)9, and a - 86° 50', 90° 23', and y- 90° 10'. 'Fhe double 

refraction is strongly negative. The crystals rlo not ellloresce in air ; t hey lose 
10 mols of water at 100° ; and drive 13 mols of carbon dioxidt; front fu.s(‘d sodiiim 
carbonate. The pentacosiliydrate is formed under 20° ; and tl^c trigonal crystals 
have the axial ratio a : c- I : 2*6600, and a= --56° M'. 'Iho crystals have a 
negative double refraction ; they do not effloresce in air. 

G. Wyronbotf prepared zinc silicododecatungstate, 2ZnG Si().2.r2W()3.«ll20, or^ 
%ii2H4[Si(VV207)gJ.(?i— 2)H20, by evaporating a soln. of zinc oxide in silicododeca- 
tungstic aci(l. If crystallization occurs above 2.5 ", tin* hexad('cahydrat(‘ appi'ars ; 
if between atm. temp, and 2.5°, the pentacosiliydrate ; and if about 10°, the 
heptacosihydrate. The hexadecahydrate occurs in triclinic prisms with axial ratios 
a : b:c=-(ym\ : 1 : 0*3911, and a-=86° 6', /3-9r 26', and y--9l° 5'. At 105°, 
10 mols of water ai^ evolved. The pentacosiliydrate forms trigonal crystals with 
the axial ratio n : c--l ; 6279 and a“56° 64:'. 'I'lie crystals were studied 
bv W. Miithmann, and F. Zambbiiini. The salt^ loses 21 mols of water at 105°. 
The heptacosihydrate forms basic rhombohedra, ^nd l^e^ 21 nmls of water at 
105°. .\ll the hydrates offlore.sce readily on exposure to air. G. Wyrouboff 
likewise prepafed cadmium silicododept!Ungstatef2CdO.Si02 12W()3.23H20, or 
Gd2H4[Si(W20^)^] 2IH2O, by evapofatimr a so^'.^.^f cadmium oxide in the hydro- 
silicododecatungstic acid acidified with nifric^cid. Tlie triclinic prisms have the 
axilil ratios and angles a:b: c=0*3784 : 1 : 0*3207, and a— 88° V, j3 -96° 9', and 
y “=89| 31 '. The crystals were studied by W. Mut7imrf^in,*aiid F. Zambomni. The 
salt does not effloresce on exposure to air ; but it loses 15 mols of water at 1 00°. The 
*pentaco8ihydrate is obtained by evaporating the soln., free from nitric acid, below 
35°. The efflorescent tpgonal crystals have the axial ratio a:c^l: 2*6123, and 
a=67° 10'. They lose 20 ipols of water»at 105°.* if the aq. soln. be evaporated 
with a large excess of nitric acid at 35M0'i, basic prisms, probably triclinic, 
of 4Cd0.3(Si02.12W08).44H20, arc formed. They lose 22 molff of water at 
105°. • • ‘ • 

J. C. G. de MaHgnac, and G. Wyreub<jff prepared rhomboidal plates of 
pentahydrated meicnroua silioododeoakngstate, 4Hg}0.Si02.1^W03.5H20, by 
adding mercurous nitrate to a soln. of^tlte acid Si02.12W03.33H20. The salt 
becomes anhydrous at 100°. (9. Wyrouboff said that if the mercurous salt is pre- 
cipitated at a very low tempt, a higher hydrate is obtained. The pentahydiate is 
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insoluble in dil. nitric acid, but it ^dissolves slowly in the cone, acid, forming the 
acid mercuric salt. The ^inhydroug salt is insoluble in water, sparingly soluble 
in dil. nitric acid, and is decomposed by hydrochloric acid, forming ‘mercurous 
chloride and silicododecatungstic acid. When fused with sodium carbonate, 
about 13 mols of carbon dioxide are evolved, e i 

Wyrouboff made nibrcuric silioododecatongstate, 2Hg0.Si02.12W08. 
I5H2O, or Hg2H4[?i(W207)8].13H20, by dissolving 2 mols of mercuric oxide 
in an aq. soln. of kydrosilicotungst^ acid, and evaporating at 25^ ; also by 
the action of cone, nitric acid oft the mercurous salt, and evaporating 
at 25"^ The crystals forming tricliqic prismrf have the axial ratios a:h:c 
-0-9848:1 : l-0191,and angles a-97° 40',j3-94° 22', ,andy-90° 40'. The salt loses 
10 mols of water at 105®, and the remainder at 250® ; at a red heat, the mercury is 
volatilized. The felt is sparingly soluble in water, the aq. soln. decomposes when 
boiled, and precipitates what G.‘W‘yroubofT regarded as a basic salt, but J.^C. G. de 
Marignac wogld regard it as the normal salt : 4Hg0.Si02.l*2W03.wH20. 

According to J. C. G. Marignac, the evaporation of a soln. of gelatinous 
alumina in hydrosilicododecatungstic acid gives non-deliquescent triclinic crystals 
of aluminium silicododedlatungstate, 2(Al203.6H20).3(Si02.12W03).75H20. The 
axial ralios are a,: 6 : c— 1-509 : 1 : 1-790, and a— 96° 44’, P— 121° 57', and 
y— 75® 44', The crystals lose 51 mok of water at 100®, and drive 39 mols of carbon 
dioxide from fu^d*sodium carbonate. G. Wyrouboff prepared triclinic crystals of 
alumir\uim silicododecatungstate, 2Al2O3.3(SiO2.12WO3).60H2O, by evaporating 
a nitric acid soln. of gefatinous alumina in hydrosilicododecatungstic acid at 35°. 
The axial ratios a : 6 : c— 0-8563 : 1 : 1 *0658, and a— 87' 44', P=105° 11', and 
ya-591® 48'. The crystals are stable in air, and lose 37 mols of water at 105°. If 
the aq. soln. be evaporated at 35®, or at 18°-20® in the presence of nitric acid, trigonal 
crystals of the 81-hydrate ure deposited. The axial ratio is a : c—1 : 2'6653, and 
a -56° 19'. The crystals were studied by W. Muthmann, and F. Zambonini. They 
, effloresce on exposure to air, and lose 60 mols of water at 105°. According to 
J. C. G. de Marignac, if the aq. soln. be evaporated at ordinary temp., the 93-hydrate 
is formed in regular octahedral crystals which effloresce readily on exposure to 
air. They lose 66 mols of water at KK)°, and when fused with sodium (larbonate 
give off .39 mols of carbon dioxide. If a cold soln. of the higher hydrate be rendered 
turbid by the addition of ammonia, the soln. becomes clear when warmed, and when 
the excess of ammonia has been exiiclled, the soln. on cooling deposits octahedral 
ciy'stals of ammonium aluminium silicododecatungstate, 9(NH4)20.2Al203. 
3(Si02.12W03).75H20. They Ipse 66 mols of water at 1(X)°, and expel 39 mols 
of carbon dioxide from fused sodium carbonate;' G. Wyrouboff prepared gallium 
silicododecatungstate, 2 Ga 203 . 3 (Si 02 .r 2 W 03 ) with 60, 87, and 93H2O. The 
60-hydrate has axial ratios a: h : c— 0-9057 : 1 : 1'1585 and y— 74^ 20', and those 
of the 87-hydrate, a : c=l : 2-6346^ The crystals were studied by W. Muthmann, 
and F. Zambonini. G. Wyrouboff , made thallium silicododecatungstate, 2T10H. 
Si02 r 2 W 03 . 9 H 20 . He also prepared normal 26-hydrated cerium, lantluumm» 
and praseodymium siliCK)d(tde^tungstates, with the general formula 2M0.Si02. 
I2WO3.26H2O. These salts are isoniorphous with the hydrated calcium and 
strontium silicododecatungstates. The acid salts 3M(0H)2.2(Si02.12W03).36H20 
were also prepared. He also iiiade normal 26^ and 27 -hydrated neo^^mium, 
samarium, and gadolinium' silioododecatungstatea with the general formula 
2M0.Si02.12W08.26H20, and •2MO.SiO2.12WO3.27H20, or M04(SiWi204o)3. 
8IH2O, and in addition SO-hydratei^ gadolinium salt 2GdO.SiO2.12WO3.30H2O, 
las well as the acid salt 3M(0H2).2{Si02.1‘BH20).36H20. The 26-hydrated 
yttrium, terbium, and ytterbium fiUo6dodecatungstate8 with the general formula 
2M0.Si02.12WQ3.26H2O; .and the corresponding acid salts 3M(0H)2.2(Si02. 
J2W03).49H20, and acid erbium silicododeoatunc^tate, 3Erv0H)2.2(3i02.12W03) 
with 49 and 5IH2O, were also made. The crystab were studied by W. Muthmann, 
and-'F. Zambonini. G. Wyrouboff prepared two thorium sUiOOdodeoatungStatll, 
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2Th0.Si02.12W08 with 27 and 30H20,and the acid salt 2Th0.4H20.2(Si02.12W03). 
45H2O. The crystals were studied by W. Mut4iniann, and F. Zambonini. 

G. Wyjpuboff dissolved chromic oxide in a loin, ©f the acidSi02.12W03.331l20, 
and obtoined' three hydrates of chromium silicpdodecatougstate, 2(^303. 
3(Si02.12W03).«H20. y the cry|tallization occurs at SO"* from soln. containing 
nitric acid, lAonoclinic pnsms o{ the 60-hydratc are ol^^ained with axial ratios a ,J) :e 
=0’8658 : 1 : 1’0798, and j3”106^ 16'. The crystals were studied by W. Muthmann, 
and F. 2^n^onini. The crystals are stable in air, and lose watdr at 105^". Trigonal 
crystals of the 87-hydrate separate at 2:^ The axial ratio is a : c-- 1 : 2 ‘5364, 
and a=56° §9' ; the crystals have a negative double refraction, and lose inols 
of water at 105°. If the crystallization’ occurs below 25°, octahedral, singly 
refracting crystals of the 98-hydratc^arc formed; they lose 66 mols of water 
at 105°. According to G. Wyroubhff, if uranyl nitrate be added to a soln. of 
silicododecatungstic acid, and the soln. be evajior^ted to djive otT the nitric acid, 
a yellow mass of isotropic octahedral crystals is formed, t^uite a number of more or 
less ill-dehned uranium silicododecatungstates were reported to Uj formed by 
varying the proportions of acid to base. Thus, ‘with the mol. ratio : 
(Si02.r2W03): H2O, G.Wyrouboff obtained 6 : 3:91 ; 5:3:90 ; 3:3 : 88; 2 : 3:87; 
5:9: 264 ; 3:6 :477*; 4 :*9 : 267 ; as well as a number of others wh^e com- 
position was not determined. G. Wyroubojl prepared crj^stals of lead sili- 
cododecatuugstate, 2Pb0.Si02.12W03.2IM.,0, witfi axl^^l ratios C 
-=L7963: 1 : 1*1203 and y=8r35'; as well as crystals of 4Pb0.?;i02* 1 2WO3.2OH2O. 
G. Wyroubotl prepared rhombohedral crystals of manganese 8iU(K)dodecatulft;stl^ 
2Mn0.Si02.12W03.27H20, with axial ratios a :c— 1 : 2*6549, and crystals of the 
18-hydrate with axial ratios a:b: c- O’lOlB : 1 : 0*4088. The crystalg were studied 
by W. Muthmann, and F. Zambonini. Similarly, 18- and 27-hydrated cobalt 
sUicododecatungstates with axial ratios respectively q:b:c - A*4067 : 1 : 0*4055, 
arid a : c— 1 : 2*6760 ; and of 18- and 27-hydrated nickel silicododecatungstates, with 
a:b: c~- 0*40451 : 1 : 0*4166, and a : c-l : 2*6392, were obtained. The crystals 
of the cobalt and nickel .salts were studied by W. Muthmann, and K. Zambonini. 
G. Wyrouboff made yellow crystals of feme silicododecatuugstate, 2Fe203. 
3(Si02.12W03).93H20, and of 2Fe.2();j.3(SiO2.12WO3).60H2O, with axial ratios 
a : b :c -=0*8465 : 1 :“l *0897, and y^73°'20'. 

J. G. de Marignac prepared what he regarded as octobasic heptahydlO* 
silicodecatungstic acid, SiO2.l0\VO3.7H2O, or (Si02.4Jl20).loW()3.3H20, i.e. 
HaSiWjoOse-dHgO^ by treating the mercurous salt with hydrochloric acid. The 
aq. soln. should be evaporated in vacuo iikthc cold. H. Copaux also prepared the 
acid by treating the ammofiium ^salt wnth ethei^Snd 8ulj>nuric artil. The acid 
obtained by the <^vappration of the aq. soli), is a clear glass ^ith a faint yellow' tinge. 
It does not change when heated to KK)", Unt it crafks and crazes when exjxised 
to air, probably owing to the absorptioft of mo^tun*. When fused with sodium 
carbonate, 1 1 rflols of carbon dioxide are given*off. The acid iS soluble in water, 
and* gelatinous silica sometimes .separates frofn the soln. on evaporation. The 
aq. solj. is not rendered turbid when salts of*baaun», calcium, rnapesium, 
aluminium, or lead are added ; silver nitrate gives a yellow precipitate insoluble 
hi watcl, and easily soluble in nitric acid ; and mercurous nitrate gives a similar 
precipitate slightly soluble in nitric acid. Salts other than th*e ammonium salt 
have not been obt-ained of a high degree of purity, but are usually contaminated with 
salts of the silicododecatungstic acids. J. C. G. d^ Marignlic believed that the acid 
forms two series of salts — one with t^o and the other with fouriTiols of base. 
A. Pinagel could not prepare silico^neatung^ acid, Si^^2'9W03.nH2Q. 

J. C. G. de Mari^ac prepared ngrmej ocUumnoniom silicodecatungstate,* 
4(NH4)sO.SiO2.10Wt)s.8H2O, or (NHijsSiWioCJM.SH^q, (NH^,[Si(W,0,),OJ. 
.8H2O, by boiling a sqjn. of ammonium hvdiotungstate with gelatinous silica, and 
evaporating the hltcred soln. — ^he salt crystallizes out on cooling. H. Copaux^ 
made it by boding a soln. of ^licododecatungstic acid with an excess of amm^ia, 
voi*. VI. , I- 
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until the silica first precipitated has nearly all dissolved. The strongly ammoniacal 
liquid is filtered and allowed to C(A)1 when rhombic bipyramidal prisms separate. 
The crystals have axial ratios : b( -0*5890 : 1 : 0‘4774. At 100'^, the crystals 
lose 2’63 mols of water. At^cording to J. C. G. de Marignae, 100 'parts of water 
at 18° dissolve 22*2 parts of the salt, hot water^ dissolves much more. The soln. 
is n^tral ; loses ammonia wh^n boiled ; and deposits sihc^ when boikd for a long 
time or when treated with an acid. The warm soln. takes up calcium carbonate or 
gelatinous alumina Vvjithout depositing silica, but some ammonia is giyen off, and 
when the soln. is cone, it forms a stim^vmass, which congeals to a clear colourless 
glass. ^J. C. G. de Marignac, and A. Pinagel ajso made hexammoeiium silico- 
decatungstate, 3 (NH 4 ; 20 .Si 02 . 10 W 03 .* 10 H 20 ~the former, by boiling a soln. 
of the normal salt for a long time, and adding water'trom time to time to replace 
that tost by ev^)oration. The monoclihi 6 prisms have axial ratios a:b:c 
— 0*688 : 1 : - and J114° 48'. At 100°, the salt loses 8 mols of water. ^ A soln. 
of potassium carbonate* in silicodecatungstic acid furnished jMassium silica- 
, decutiifu/slale* i}i2O.^\O.j,.10WO^Mli2O ] or else, according to K. Kehrmann, 
K 7 [Si(W 207 )r, 0 H].llH 20 . J. C. G. de Marignac did not succeed in making a 
definite sodium silicodecatmiystate ; by treating a mol of the acid with 2 or 4 mols 
of sodiuiu carbonate, the soln. furnished a gum-like 'mas.s« A soln. of calcium 
carbonate in silicodecatungstic acid gives on evaporation a gum-like mass, calcium 
silicodemiuYKj state. Wyroubolf obtained on amorphous preci])itate of barium 

silicodemtunj) state, 4 *BaO.SiO 2 . 10 WO 3 221120 , by adding a barium salt to a soln. of 
sodiuni silicodecatungstfcite. According to J. G. G. de Marignac, when silico- 
decatungstic acid is mixed with four mols of potassium carbonate, and evaporated 
at a suitable ^-emp., the first crop consists of the normal silicodecatungstate, then 
needhis of wliat is regarded as a mixed salt, and finally rhomhohedral plates of 
heptadecahydrated octopojtassium silicodecatungstate, 4K2O.SiO2.10WO3.17H2O. 
When fused with sodium carbonate, 7 mols of carbon dioxidij are evolved. 

Friedheim and W. If. Henderson also made tin; tetracosihydrate. J. G. G. de 
* Marignac found that if an aq. soln. of the acid be mixed with two mols of 
potassium carbonate, the first crop of crystals is a mixture of silicodecatung- 
states, and the final crop is mainly tetrapotassium tetrahydro-silicodecatungstate, 
2 K 2 O. 2 H 2 O.SiO 2 .lOVVO 3 . 8 H 2 O. The crystals lose 7 mols of water at 100°; and 
when fusv'd witli sodium carbonate, 9 mols of carbon dioxide are given oil. 

A series of potassium salts of wlute silirohenatungfitic acid interfnodiato between silioo- 
dectt- and silicododcea-tuiigsiic aeid were obtained by J. C. G. de Alarignae. J' or example, 
t<‘tradeeahydmtod octopotassium silicohenatungstate, ^KnO.SiOg.llWOj.UHjO, crystallizes 
in rhombic bipyramidal needles will; axial ratios n:b : c=0 3875 : 1 : 0 4123. It loses 8 mols 
of water at 100'’, and wbef. fused with sodiuia carbonate, expels 8 mols of carbon dioxide. 
A. Pinagol made a 13-hydrato by passing steam into water with potassium paratungstate, 
3K.,0.7VV03.811.,0, in suspensibn and grtidually adding gelatinous silicic acid. When 
liydrochloric acid produces no turb'dity the 'filtered soln. is evaporated for crystalliza- 
tion. J. C. G. do Marigrvic ^prt^pared tetrapotassium tetrahydrosi’lcohenatungstate, 
2K,O.2HnO.SiO2.11WO3.10H/). Tht* yellowish trielinic pinacoidal crystals have axial 
ratios a:h:c = l-810; 1 : 1-709, and o=96^ 3l',''p=\2r 38', and 38'. It toses 

8 mols of water at 100" and wHen fUsed with sodium carbonate it gives off 10 mols of carbon 
dioxide. • 

• 

0. Kallauner and J. Hnida ^ studied the fusibility of binary mixtures of 
uranium oxidc'and clay. L. bourgeois failed to make a uranium silicate by heating 
mixtures of uranium ofide and'isilica. A. Borntrager mixed a soln. of a uranyl 
salt (1 : 10) wi 4 h an equal vol. of a dil. soln. of water-glass of sp. gr. 1*38, and obtained 
a crystalliivi precipitate • of urany^ silicate,,, U 03 . 7 Si 02 . A calcium uranium 
silicate under the name uranotile wits described by E. Boricky. It occurs at 
Wolsendorf, Bavaria ; Kupferberg',' Silesia ; and at NeustadteJ, Saxony, in fibrous 
masses, or in minute, acicular, lemon-yellow or orange-yellow crystals, which,, 
‘'according to P. Pjatnitzky, belong to the triclinic system ana have the axial ratios 
a ; c-0*6257 : 1 : 0*5943, and a=87° 41', 18', and y=96° 31'. The 



* SILICON 


883 


cr3r8tals were described by V. von Zepliarovich and A. Sflirauf. A mineral described 
by M. Websky as uraa^hane is considered tolbe an impure uranotilo. Its crystals 
are said^o be rhombic. Analyses by K. (Irunthuaiih, M.* Websky, (\ Winkler, 
F. A. Genth, tl. B. Von FouUon, and E. Borieky agree witli CaO.SUOs.dyiOg.ilBoO ; 
or with CaO.2UO3.2SRi2.6lLO P. Groth representtjd it by CalL.SLOn.bHuO ; 
and F. W.* Clarke regarded as hexahydrated oalciom Uianyl orthodisilicate, 
Ca(U02)2Si207.6H20; and T. L. Watson, CaO.2UO3.3SiO2.7U2O. M. Websky 
gave for % composition of uranophune, 5(jL,Ca,Mg)O.2Al2Q^!6Ub3.l0SiO2.28H2O, 
caldam oranyl alaminium silicate. jp. gr. of uranotile was given as 3 8 
3’9, and th^lt of uranophane as 2^15. The hardness is less than 3. A. Schoei^applied 
the name sktodoskile — after Mme. Curie*-Sklodowska — to a radioactive mineral 
with the composition of mafenesium yranyl orthodisilicate, .Mg(U0o)2Si207.7H20. 
The rhombic prisms are lemon-yellow w'ith the indices of W'fractKm a^~l’0J3, 
and y=l-6r)7. The sp. gr. is 3*5#. »The i^h'ochroism is yellow, pale 
yellow, and colourless# 

The mineral mackintoahitv, di.scu.ssed in connection with tlnf rare earths, • 
may, ac(M)rding to F. W. Clarke, h(‘ reganh'd a*s a thorium uranyl silicate, 
UO2.2ThO2.3SiO2.3H2O; and titonxjumniilcy discussed* in the same place, as a 
hydrated derivative.* * • 

A. Sehoop ^ cUworibod sonio tine-gmiued cryi^araggrt'gaUA from tvasolo, liolg^an ('oiigo, 
with the romposit ion 12U()j.5SiOj.l4HjO ; he called tiie in inera)*^0<]flit6. The crystals 
are rhombic ; the sp. gr. is 4’027 at 17“ ; and the hardness 3 -4. ilo also describe^ canary- 
yellow, felted, needle-like crystals occurring on a ma.s.s of soddifb from Chi nkolobwe, llelgian 
Congo. The crystals have a lower birofringonco than soddito, and the optical prop(‘rtics 
arc different. Ho suggested the iianio chinkoiobareite, and regarded it jp a diinorptious 
form of soddite, • 

A. 1. Walcker® stated that a soln. of sodium siliaati! gives a precipitate wdth 
a soln. of stannic chloride, but not with one of stannous chloride ; J. Al. Ordway 
obtained similar re.sults, and found that the gelatinous precij)itato contained very 
variable proportions of alkali, stannic oxide, and silica. A, lireithaujit, 

F. Hessenlierg, A. E. Nonhuiskjold and A. Gadolin, ami G. Bischof applied the 
term stannih^ to what they regard(*(l as a stannic silicate, but A. des Cloizeaux, and 

G. Tschermak regard it as a mixture of (piartz and cassiterite, and F. Geinitz, 
J. R. Blum, J. H. Collins, H. Pearce, and R. P. Greg and W. G. Let(som,a 
pseudomor])h of cafsiterite after felspar. 

A. Hutchinsem fouml that a rare mineral from Roscommon Cliff, 8t. Just, 
(Cornwall, wliich he called stdkesite-^fter (U G. Stoker -corresponded with 
calcium silicostannate, Cat).Sntt2.3Si(L.2H20, wliicli F. ^amhomni would write 
0 -Sn-=-Si308--Ca,-f-2H20, analogous with his formula for catapleiite, O-Zr 
=Si308 "Na2-^-2ll20. A. Hutchinson (^insiders It to be a salt of tidrasilicic 
acid, H4Ca(Si, 811)4. Oil. ^bi F. W.*Clarke^'* system, the formula would be 
(HO)3Sii(.Si3(/Jr:EHCa). The colourless crys^ belong to tfle rhombic system, 
ami A. Hutchinson gave for the •axial ratios a : 6 : c=0’34G2 : 1 : ()’8437. The 
(110) ^leavage is perfect; (010) less so. ThcspTgr.^is 8*185, and the hardness 6. 
The (^)tio axial angle 2F— 69|°; tlic index of refraction 25 ; and the 
•birefringence, y— a=O0L-Na-light. L. Bourgeois found that crystals with the 
composition Ca0.Si02.v^02 are^produced when three jiarts of silic^ and four parts 
of stannic oxide are heate^l with an ex«e.ss of p^dum jhloridc to bright redness 
for about eight hours, and the cooled mass extracted with water. If the time of 
fusion has been short, the residue is » mixture of tridymite and cassiterite, but if 
the reaction has proceeded further the resTdue consists of calcium «ilico8tannat4*, 
whilst if the heating'has been too far f roldnge^, the protlucts are calcium disilicate 
and calcium stannate. The monoclinic prisms, analogpis to titi^ite, have a lower 
birefringence than titanite. The sp. gr.^4'34. The crystals are not attacked ^ 
acids, alkali-lyc, or potassium kydrosulphate. They are less fusible than titanite. 

T. W. Hogg 7 observed tkit a mixture of lead monoxide and silica at a red-heat 
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unite to form a silicate. Tl^e temp, of formation is lower than the fusion temp, of 
the mixture. Fused lead oxide is a Powerful solvent for silica and silicates, and, as 
shown by E. Biewend,^ the join. *Usuauy congeals to a glass. These glassies are of 
industrial importance as the base of many glasses and pottery glazes. Various 
formuloB are used in the inc^ustries, but the formalise are npt^ intended to represent 
compounds, but rather the moi'. proportions of the components of the ^lass. The 
glassy frit sold as “ lead bisilicate,” for instance, contains lead oxide and silica in 
the porportions PbO : 8i02=l : 2. One of the “ heaviest flint glasses ’^has about 
78 per cent, of PbO, and approximateiN'jloBely to the proportions required for a 
metasilioate. Such glasses may crystallize when eooled slowly, and ofio, obtained 
in this way, was regarded as lead metasilicate, PbSiOs, by L. Bourgeois. Crystal- 
line masses have also been found under the bisjon hearth of lead roasting furnacw 
undergding repair. • Analyses of glasses containing such crystals were reported 
by L. Eisner, E. S. Dana, and S. L. Penfield, H. A. Wheeler, etc. M. Faraday 
investigated a number of lead glasses, J. J. Berzelius sai^ that lead silicate is 
• formed when ^lead fluosilicate is heated with ammonia. W. E. B. Blenkinsop 
and F. M. Lyte heated basic lead sulphate or lead oxychloride and silica. 
A. C. Becquerel found that? a lead silicate^is formed on the boundary walk of the 
collodion Membrane separating lead nitrate and potassium 8iHcat!t3 soln. B. Huick 
electrolyzed a 1-2 per cent., soln. of a mixture of 95 per cent, sodium acetate and 
5 per emit, of sodyim silicate bet\^en lead electrodes, and obtained a lead 
silicate.^ W. Mostowitsch, and S. Hilpert and co-workers made glasses with 
PbO : Si 02~6 : 1, 5:1, 1:1, 3:1, 5:2, and 4:3; but there is nothing to show 
that the products were chemical individuals— most probably not so. 

J. W. Meller and co-workers measured the softening temp, of a series of these 
glasses and found ^n abrupt drop from the m.p. of lead oxide, 877°, to 540° with 

mixtures containing one per cent, of 
silica, and raising the silica up to 1 2 per 
cent, lowered the softening temp. 8° 
more. Fig. 192. Mixtures with these pro- 
portions of silica were inclined to devi- 
trify. Mixtures with from 12-30 per 
cent, of silica softened between 532° 


Molar per cent S 'lOi 

Fio. 191.— Fre<vsing-poiiit Curvean«f Binary 
Mixtures of L^d Qxi^’e and Silica. „ 

obtained values for the m.p. nearly 
200° higher than these data. ' S. Hilpert with P. Wciller, and with R. Nachen 
obtained the results indicated in jFig^ 191. There is a maximum at 770° correspond- 
ing with the m.p. of the metaGilicate,^and higher proportions of silica 'gave mixtures 
which formed glasses ; and silicates with over 34 per cent, of silica by weight melted 
over 1000°, and formed turbid lUasses on cooling. There is a maximum a^t 740° 
corresponding with lead orthosilicate, Pb 2 Si 04 , and a eutectic between the ortho- 
silicate and lead oxide at 717° ; there are two eutectics close between the ortho- 
and the meta-s^icates, and the intermediate maximum aj; 690° corresponds with 
the load orthodisilicate, Pbs&i^O;, or lead pyrosilic^te. H. C. Cooper and co- 
workers also examined the heating curves of the lead silicates and found evidence 
of the formation of lead orthosilicate, m.p, 746° ; lead metasilicate, m.p. 766° ; 
t^nd an intermediate eutectic, m.p. 7lV°. They^ further obtained evidence of the 
formation of the pyrosilicate, and sl^owed th'kt the crystals obtained from the lead 
smelters contain Jhis silicate mixed isomorphously with other silicates. S. Hilpert 
and R. Nachen measured the velocity of crystallization, and the crystallizing power 
is terms of the number of nuclei formed in a given time per unit area at different 
temp4 They say that there is inconclusive evidence of the existence of a basic 


and 543° ; and subsequent additions of 
silica raised the softening temp, rapidly ; 
and, owing to the voktflization of lead 
oxide, '*thc course of the curve was not 
followed much further. W. Mostowitsch 
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silicate, 3Pb0.Si02, or Pb 0 .Pb 2 Si 04 , lead ox^orlhosilkaie. H. C. Coopor and co- 
workers showed that when quickly cooled^ all fusions containing less than 80 
equivaleifts per cent, of lead oxide give clear, cofoured 
glasses. When slowly cooled, all fusions containing moVe — — 

than 60 eq,per cent, ol If ad oxidelfcrystallize completely ; ^ 

those which are richer in siliCa crystallize only in ^>art, ^ ^ • 

but if the resulting solid is finely powdered and heated 5 ” 

for several hours to a temp, which is IQP-100° lower V 

than the n[^p., a sint-ered, crystalline mats is obtained. — 

J. W. Mellor and Co-workers fo^nd the temp, at which . • 

the lead silicate glasses became so soft that the corners o hO t'Olc 

dl angular fragments were roundad.* The results Ri;e /^bO-^SiOt 

plotted in Fig. 192. ^ yio. *192. ~-S<)fteninK Tom- 

S. Hilpert and P. ^eiller showed that the sp.^vol. trf * jwatureHof LeadSilieat^ 
the lead silicates were always greater than corresponded CilaHses. ^ 
with the mixture rule. They found for the sp. gr. , 


SiO, per cent. 
Sp. gr. . 


. 80 . 13-0 17*8 20-28, 24 00 27-56 32 54 33 38 

.* 8-124 7-005 6-45 6-14 5 74 5-28 4‘87 4 73 


The refractive indices of glasses rich in lc^|^ oxide are* very high. 8. Hilpert and 
P, Weiller’s results are indicated in Table XXXllI. Tlio.gla^s es all Showed a 
complete absorption of the violet and ultra-violet rays. ^ The orthosilicatji glass is 
dark yellow, and the metasilicate light yellow. The colour darkens with ris(‘ of 


Table XXXIII.- Indices of Refhaotion of Lead Silicate flLASSKS. • 


Per cent. 

Kcd 

Orange 

Na-llne. 

Yellow 

• ,, 

Oreen 

Uhio 

Violet 

PbO in gla«8. 

H-llno. 

Hk41iu*. 

Hft'Ilne. 

Hg-llne. 

Hff-llno. 

! llg-llne. 

87-00 

2-058 


‘ 2-078 

2 •083 : 

2-095 

2-174 



84 00 


2-025 

2-028 

2-038 

2-048 

2-104 

2-112 

82-20 
79*72 i 

- 

— 

I -979 
1-960 

1-980 

_ 

2-018 

-- 

75 91 1 


1 -922 

1-930 

— 

1 -935 

1 -965 


72-41 1 


; _ 

1-864 

1 '866 

— « 

1 1-897 

-- 

29*00 

_ • 

• 

1 

1-773 

1-779 1 

1-785 

1-811 

1-824 


temp. The yellow colour fliay largely be an of traces of siM'r or iron in the 
lead oxide. L. Ejsncr discussed the •colour of the ftafl silicate glasses. The 
solubility of lead oxide in fused lead silictste glass mcreases with the rise of temp., 
and K. Beck assumes that the yellow cblour of ^he lead silicate glasses rich in bases 
is really due*to a thermolytic dissociation, l%0*«Si02?=^Pb0*f'w8i02. From his 
sUdy of the electrical properties of ^int glass* G. L. Addenbrooke ‘inferred that the - 
glass IP really a soln. of silica in lead metasilicate, aiid not # mere mixture of lead and 
silicon oxides. According to M. Berthclot, the lead silicate gjasses are decomposed 
• by ex{) 08 ure to the radiations from a radium salt, and coloured black, or if the lead 
silicate glass has had its coloiy- bleached by a little manganese oxide, it may be 
coloured violet. The Volatilization of Iqgd oxide^fsora lead silicafes was discussed 
by W. Thomason, S. Hilpert, F. 0. Doeltz and A. Gr&umann, and M. Stoermer. 
The loss in mgrm. per sq. cm. per hfiqr was found by 0. Andersen to be as follows : 
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8. Hilpert and P. Weiller found tha^ the highly “ leaded ” glasses are attacked by 
exposure to air ; M. Faraday found the addition of potash rendered the glass stable 
in air. According to*W. MostowitsJh, and S. Hilpert and P. Weiller, *cho basic 
glasses up to and including* the metasilicate easily dissolve in mineral acids and 
acetic acid with the separation of silica ; the gl&sses with increasing proportions 
are Ifes readily attache^, so tlfat the Pb 0 . 2 Si 02 glafes is attacked only by hydro- 
fluoric acid. K. Beck said that lead mctasilicate is readily decomposed by a 4 per 
cent. soln. of acetic add, or a one per ^nt. soln. of nitric acid at 25° ; *i:he higher 
silicates are less readily attacked, and this'the more the higher the propor^on of silica. 
W. Baiters also tested the solubility of .the glasses in acetic acid. According to 
P. Bartel, the solubility of the lead glasses in 4 per cei>t. acetic acid decreases wi^ 
increasing proportions of silica up to Pb0.2-5Si02 ; incri'ases uj) to Pb0.3-75Si0^ 
and finely decrease again. The resistance to attack is favoured by additions of 
calcium, barium, magneSium, zini, or aluminium oxide. Beck and co-workers 
found that bor^x and boric acid decrease the resistance to attack, and alumina makes 
• the glass more resistant. Owing to the toxic character of load compounds used in 
glazes, and the slight solvent action of the mucous fluids, the Oovernment prescribes 
certain restrictions in the use of lead compo^mds in pottery manufacture. A ground 
frit which^oes not gi vje up more than 5 per cent, of lead oxide when shaken for an hour 
with 1000 times its weight oi 0 25 per \jept. hydrochloric acid is considered innocuous. 
W. JacksSn and 11 M.*Kich showed that the amount dissolved under these conditions 
is detorpiined by the fineness of grinding. The controversy which ensued is an 
admirable illustration of the influence of desire and temperament on the judgment. 
K. Beck found that alkali-lye forms alkali silicate and pliimbate. The glasses 
richer in load than the metasilicate are reduced by hydrogen at 240° ; while the 
reduction of mctanilicatc and more siliceous glasses begins only above 300°. 
W. Mostowitsch observed that the lead silicates are reduced by hydrogen at 290°- 
300°, forming a mixture which may contain lead suboxide, PboO ; at 410°, the re- 
/luced lead collects in globules. C. Simmonds said that while hydrogen reduces 
the orthosilicate to silica and metallic lead, the metasilicates and more acid 
silicates furnish silicites {q.v.). Oarbon monoxide, and hydrocarbons also reduce 
lead silicates to the metal. L. Kahlenberg and W. J . Trautman observed no reaction 
between silicon and lead metasilicate. J. Percy found that lead silicate is partially 
decomposed by lead, sulphide, furnishing m(dallic lead ; and B. (Irieshammer 
noted the solubility of galena in molten glass. ' 

The range of stability of lead ortho^icate, P|) 2 Si 04 , is indicated in Fig. 191; 
the crystals anj, readily obtaimj(\ by annealing the orthosilicate glass. Crystals 
of lead orthosilicate, w^ro' first made by H. C. Cboper and co-workers ; and have 
not been observed in nature. ^ The interference figure of the crystals is negative 
and biaxial. The index of refraction, and birefringence arc high. 8. Hilpert and 
co-workers found 7'0113 for the sp. gr. of tlie glass and for th§ m.p., 740° ; 
H. C. Cooper and co-workers gave 746° for the m.p., and 2 07 for the index of refrac- 
tion of the orthosilicate glass. For the action (’if acids, etc., vide supra. 

As indicated above, (Crystals *of lead metasilicate, PbSiOa, were prepated in 
the laboratory by L*. Bourgeois liefore they were discovered in nature. The 
conditions under which they are formed are indicated in Fig. 187. They are 
conveniently prepared by annealyig the glass. C. Palachc viid H. B. Merwin found 
a snow-white mineral at, Alamos/ Mexied, which they called alamosite, and the 
analysis corresponded with h^ad metasilicate. .It forms radiated fibrous aggregates 
with a more ol: less pronounced sph(jpoidab form. Isolat(;d fibres are colourless 
and transparent, and are elongated in the^ dirhetinn of tlnj. axis of symmetry. 
The monoclinic crystals resemble tkoso'of wollastonite and have the axial ratios 
o : 6 : c— 1*376 : li: 0*924, ftnd j3--84° 10' ; but whether or not the two minerals 
yo isomorphous has not been established owing to appreciable difference in the 
lengths of the o-axis, and in the cleavages. S. HKpert and P. Weiller found the 
artificial crystals are biaxial and rhombic or monoHinic. The cleavage of the 
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mineral parallel to (Oil) is perfect. The sp. gr. of th^ mineral is 6-488, and the 
hardness 4J. S. Hilpert and P. Weiller gav^5-9^ for Jthe sp. gr. of the artificial 
silicato glfss, and 6-36 for the crystals. K. ^hulz gave 0 0788() for the sp. ht. of 
the glass ; and 0-07807 for the crystals between 20‘' am! 100^ The rate of crystal- 
lization of Uic metasilitite was fcfund by 8. Hilpert a Ad R. Nackon to be slower 
than that of the orthosilicate ; U is greatest at about foO° bel^w the ni.i). H. E.^Ier- 
win found that the optical axial angle 2r=--6r) for Na 1igh^4 and the indices of 
refraction 8—1-917, "1-961, and y- 1-961. ]\ Weiller gaVe for the glass 1-96. 

The birefringence is strong, the optical clfaracter is negative. H. (\ ('ooper and 
co-workers gave 766'' for the m.p. of tho nietasilicate ; and S. Hilpert Und co- 
wprkers, 766'-'. The mineral dissolves in nitric acid with the separation of gtdatinous 
silica. For the action of acids, etc.t (hi the nu‘tasilica0), w/c Npjam. It liys been 
shown that C. Siminonds’s experiment from whigh he inferred that lead metasiliente 
is reduced by hydroge^to lead nietasilicate admifs of tftiofher interpretation, and 
con8e(|uently ajso his argument tliat one oxygen of h'ad metasilieate is attaciicd to 

l(‘ad and to another o.xygen atom and not to siliecm inconclusive 

and probably wryng^ R.» Schwarz am^ 0. A. Mathis mad(‘ lead metasilicati*, 
PbSiO^.lLO, by tlie action of a lead salt on water-glass, and they made lead 
hemiamminometasilicate, Pb8i()3.|NH3.H^,*by t^e Action »of ammonia on the 
metasilieate. •• • 

A. Hjcigren and C. H. Lundstrom reported that white masses of a mim*ifil with 
a curved lamellar structure were scattered througli th(‘ iron ore along with calcite. 
garnet, lephroite, and galena near Pajsberg, Sw(‘den, and the mineral was called 
barysilite. Analyses reported by A. Sjdgnm and H. Lundstrom, H. Sjogren, 
and K. Muiizelius eorre.spond witli U'ad pi^rosdiaifc, or lead orthodisilicate, Pb3Si207, 
wliere a small proportion of tin' l(*ad may n'plaeedliy manganese, magnesium, 
or calcium. L. Groth said that barysilit(* can be n'garded as the normal salt, of 
hexabasie disilieie acid, Hy.Si.jOy ; or as a basic salt of metndisilieic aiud, ( 
(Fh3(L)Si205. G. Cesaro regarded th(' water as constitutional, and assumed the 
silicate to be derived from llio^h^G,,. The compound was made by H. ('. (’oopor 
and co-workers, and by S. Hilpert and It. Naeken, Fig. 191. Impure crystals were 
also r(!ported by E. 8. Dana and 8. L. Leiifield, aiul l)y H. A. Wheeler oeeairring 
Ix'low the hearth of an (jld lead furnace. 'Fhe crystals of barysiliti'. are uniaxial and 
probably trigonal with the axial ratio a:c 1 : ()-486;j. H. G. Gooper and co- 
workers said the artificial prismaye erystiils belong to the diliexagonal hipyramidal 
class, and have the axial ritio n :c-\ : 1-0216 )t|J. 8. Dana and,8. L. J’enfield 
gave 1 : 1*032. The inde.x of ref faction# and the birefrir^(*fice are high ; and the 
interference hg^Ve [fljsitive and uniaxial ^Fhe erys^ls an; pleoehroie. The basal 
cleavage of tlm mineral is distinct, ^he^)riKmati(; cleavage less so. The sp. gr. is 
()'l 1-6-55, H. isj<)gren gave i)-72-, the hardiie.st 8. Hilpc^rt and K. Naeken 

f(Mijid the m.p. to be 690', as indicated in Kigi 191. 'Flu; crystals may tarnish on 
exposure to air by the oxidation of the mungaru'se, T|u* niineral dissolvi's in nitric 
or hycft-ochloric acid with gelatinization of tin; silicic acid; and in tlu5 case of 
Jiydr()c4iloric acid, with the separaticui of lead chloride. * 

C. J. Peddle 8 studii'd the prop(*rti(‘s of the glasses in the W'rnary and (|uat<‘r- 
nary systems: 8i02 PlK) K20*orNa.A)^ and SiQ^ PbO K^O vulr glass. 

Many glasses approximate* in ('omposition, (K,Na)jj0.'i^b().68i02. 3. N. voii 

Fuchs said that a soln. of water-glass takes ii]» ftad oxide and forms a gi'latinons 
mass which dries in air to a product n^ernbling (^pal. V. Merz made tlw 
alkali-lead-glass by melting a inixture^of waH^-glass and red-lead. *A. Gray an<^ 
J. J. Dobbie gave 3-591 for the sp. gr. of a glasf, 2K20.5Pb0.17Si02, and 3 495 for 
2K20.5Pb0.22Si02! and W. Beetz gave 4’7J for a lieavy flint glas* K. 558cliimmer 
and H. iSchulz measifred the hardness ofAthese glasses. P. Suboff gave 0-1234 fo# 
the sp. ht. ; W. Beetz, 0-043l3*for the thermal conductivity of heavy flint glass ; 
A. Winkelmaim, 7'44 for the* dielectric constant, and A. Gray and J. J. Ddbbie, 
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7 '991 at 14° for the first of the abovf^-mentioned glasses, and 7 '966 for the second at 
1 5°, and 7 *630 at 1 20°. W, Beetz, and T. Gray measured the electrical conductivity, 
and A. Gray and J. i. Dobbie gave ,^000x10^® for the sp. resistance of lihe first of 
the above glasses up to 135°, and 18000x10^0 for the second up to 130°— see the 
glasses for the refractive indices. M. Stoemer foiAid that tio 'change occurs when the 
glass is heated in an oxidizing atm., but in a reducing atm., lead is volatilized, and 
the silicate is reductyl. 0. Anderson did not find sufficient volatilization of lead at 
900°-1400° to affect the refractive indfex. C. Simmonds studied the reduction of 
lead silicates heated in hydrogen. According to E. Griesharamer, sylphur is not 
absorbed by the molten glass ; and hydrogen sulphide attacks the glass at ordinary 
temp., and this the more, the greater the proportion of lead oxide. When powdered 
flint gl^ss is mixe(J with spdium dioxide, zfne sulphide, and some potassium per- 
sulphate, J. H. Walton and H. A, Scholz found that it is decomposed when the 
mixture is ignited by malnesiuVn wire as in the thermite, process. T. E. Thorpe 
and C. Sirnnyinds, and K. Beck and co-workers studied the action of acids — vide 
supra ; and 0. Inwald, the effect of phosphates. K. Beck and co-workers found 
the addition of 5 per cenj;. of borax makes lead monosilicate melt at 450° ; the 
disilicate^ at 510° ; the trisilicate, at 600° ? and the tetrasilicate, at 590°. 

W. E. Ford and W. M. Bradley found colourless transparent crystals of a mineral 
from F ranklin, New Jersey* wljich tHey called margarosamie. R. Mauzelius obtained 
a similar mineml*hear Langsban, Sweden. Analyses corresponded with lead 
dicalcirm trimetasilicate, PbCa2(Si03)3, associated with a little manganese — 
approximately M4 j)er C(*nt. MnO. The .lamellar masses consist of triclinic 
crystals which, according to R. Mauzelius, have the axial ratios a:b:c 
-0-84419: 1 1-2838, and a-74°37', /3=129°29', and y-101°5'. W. E. Ford 
and W. M. Bradlv^y found that the plates have two good cleavages making an 
angle of 78°, and they arc nearly perpendicular to the lamellar cleavage. The 
sp. gr. is 3 091, R. Mauzelius reported 4-39. The hardness is 2J-3. W. E. Ford 
f and W. M. Bradley gave for the refractive indices a— 1-730, and y-“ 1-795. The 
mineral is decomposed by nitric acid with the separation of gelatinous silicic 
acid. 

A. E. Nordenskjold ® found prismatic grey or colourless crystals or granular 
masses of a plumbiferous mineral at Laiigban, Sweden, and in .other localities ; 
and ho named it ganomalHe —irom ydvwfxa, lustre. Analyses by J. Wiborgh, and 
G. Lindstrorn corresponded with Pb3Si207.(Ca,Mn)Si04. F. W. (!larke, following 
S. L. Penfield and C. II. Warren, represents it and nasonite a& being related as 
indicated by the following schem^a : 

Pb ,Pb.SiA.OaJPbn) Pb Pb.Si^O,.Ca2.(PbOH) 

Pk^ * 7^ Pb.Si307.Caj(PbCl) ^ , Pb^^^ * 7<^PI, (PbOH) 

Naaonlto. Oanomalito. 

This makes the mineral hexaplttJibic tetracalcium dihydrozytriorthosilicate. 

G. Cesaro made some obsepat’ons on the constitution. The tetragonal crystals 
of ganomalite have the axial ratio a : c— 1 : 0*707 (nearly). The (101) arid (001) 
cleavages are distinct. G. Lindstrorn gave 5-74 for the sp. gr., and A. E. Norden-» 
skjold, 4*98. The/doublc refraction is strong, and the optical character positive. 
Ganomalite is ' readily soluble 4n nitric acid with the. separation of gelatinous 
silica. 

G. Flink^o described irregukf, foliated, pale-green masses of a mineral which 
was found at Langban, Sweden, and -he called it nwhjhdophylUte — from /ioAujS^os, 
'lead ; and <fvXXov, leaf—in allusion to its structure. The analyses corresponded 
with PbMgSiO^.H^O, hydrated ma^nesiam lead orthosilicate ; or, as F. W. Clarke 
suggested, (Pb0H)(Mg0fl)3i03, magmsium lead dihydroxymelasUkate, G. Aminoff 
gave for the formula (R"OH)2Si63. Vhe crystals are heiagonal. G. Aminoff 
gives for the axial ratio a : c=l : 0*549, the perfect'ffiasal cleavage resembles that of 
mica! The thin flakes are somewhat flexible. The etching figures resemble those 
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of the members of the hexagonal system. Araiiic^ showed that the X-radio- 
gram corresponds with tfie trigonal symm^ry with a : c about 1 : 0'549. The 
indices oftrefraction.are <u=l-8148. and €—1*7611 tor Sla-light. The birefringence 
is (0— €=0*0537 ; and the optical character, negative. 'The sp. gr. is 4*717, and the 
hardness 18*3-4. G. iWi8noff discissed the relation between the crystals of friedelite 
and molybdophyllite. P. A. tan dor Meiilen reported yelh^w, transparent, acft'ular 
crystals of zinc lead oxydmlkale, 5{Pb,Zi0O.2SiO2, of sp. jy, 6*153, in the glassy 
material flom furnace flues. # * 

S. L. P<yifield and C. H. Warren fouifH a white mineral in granular, cleavable 
masses at FranklinTurnace, New Jersey ; they called it nasonite -after F. ln Nason. 
Analyses correspond with Pb4{Pb(3).2Ca4{Si207)3. F. W. (Darke's view of the 
composition is indicated in connection with ganomalit^*. This makes the mineral 
hexapbunbic tetracalcium dichlorotriorthoi^cate, the cr/stals an* ^ohably 
tetragonal. The basij and prismatic cleavages fire inijx'ffect. Th(‘ birtdringence 
is strong and negative. The sp. gr. is 5*425, and the hardness 4. (J. Lindstrom 
found a massive mineral associated with the lead oi^‘ of Langban, Sweden ; it was* 
named inelanotecite—hom /xeAas, black ; and T7)K€'iv, to melt— in allusion to its 
relation with hy^lotj'cite.* The analysts are summarrzed by Pb2Fe.2Si20a, corre- 
sponding with the formula of the isomor})hoiis kentrolite. Groth i^prescnted 
the composition lead dilerryl orthodisili^te, Pb.2(Pe())2Sl207. V. 11. Warren 
gave Pb3Fe4Si30]5, which F. W. Glarke wrote Fe(Si04(Fc()^Pb^3. Th(f colour of 
the mineral is dark green to black. H. G. NordenskjblJ gave for the a*^l ratios 
of the rhombic mineral a:b: c— 0*6216 : I : 0*9041. G. Lindstrom found that the 
massive mineral is cleavable in tw*o directions ; the sp. gr. is 5*73, and the hardness 
6J. It is strongly pleochroic. H. G. Nordenskjold measured ‘t Ik; absor)i4ion 
spectrum. The mineral is decomposed by nitric acid. • 

A. Fou(jue and A. MichebLcvy prt‘pared a M-fcIspar, or lead dialumino- 
diorthosilicate, PbAl2(Si04)2, or Pb(A 18104)2— nV/c fels])ar. K. Peck and co- 
workers found that 5 per cent, of alumina raises the softening temp, of the lea«t 
silicate glasses—the monosilicatc to 595‘\ the di.silicute to 660°, and the trisilicate 
to 700®. The attac’k by dil. acids is at the same time reduc(‘d. J. 8zilasi ])repared 
lead ulfrainarine blue by heating green sodium-ultramarine and a soln. of lead 
nitrate under press. L. Wunder made it by heating soln. of lead nitrate and ultra- 
marine blue containing a small proportion of silica in a wrought-iron bomb at. 160°. 
He made lead-ul^raimrine'red by heating ultramarine-red with a cone. soln. of lead 
nitrate in a wrdught-iron tube^ at 160° ; and lead-ullramarim'-iwlct, by treating 
ultramarine-violet in a similar manner. » , , 

A. I)amour,i3 and G. vom Rath (V'seribed crystal^ (4 a dark brown mineral 
from Souther^* Chile, and the mineral was called Aep/roOVe— from Kevrpov, a spike. 
Analy.ses were made by A. Damour, (#• If link, anu 1). Lovisato. The results can 
be represented by the formula, Pb^M 112812094 Uit if the contained manganese is 
quadrivalent, Pb2MnSi20g ; on account of ihc isoinorphism of this mineral and 
melanoteeite, the former is preferrtfd. P. Groth represented tin* compound as l6ftd 
dimatig ftn y l orthod ts iliCftte, Pb2(MnO)2Si207. 'fiie Sry.ftals arc often grouped in 
• sheafJike forms resembling stibite. The mineral also occur# massive. According 
to G. vom Rath, the rhombic crystals have the axial ratios a.h: ^=^0*6334 : 1 : 0*8830. 
M. Websky drew attcrition to the close agreement of the angles 0/ kentrolite with 
those of descloizite. The cleavage i.s prifematic and'distinct. The prismatic planes 
are often horizontally striated. Tiie sp. gr. 6*19, and the hardness 5. The 
surface of kentrolite is often black (Twing Jo surface oxidation. The mineral dis- 
solves in sulphuric 3cid with th8 separation of silica and manganit^e oxide ; asd 
in hydrochloric acid with the evolution of^chlorine. # 

A. E. Nordenskjold found a maasivc and coar8ttl3f crystalline, white or grey, 
mineral associated Vith the felspar at Iiangban, Sweden. It was named hyalotef^ 
— 45aAos, glass; and ryK€Lv^ to melt. Analyses by A. E. Nordenskjiild, and 
A. Lmitrom corresponded with the formula R4BFSi«Oi7, where R represents 
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Ba, Ca, and Pb. 
formulae : 

Si:Oj< 


F. W.* Clarke ^ represents its composition by two possible 


The Jatter agrees with lead <)arium calcium fluoboryl diorthotrisilicate ; and 

P. Groth represents it Us a metasilicate, HR 4 B(Si 03 ) 6 , with F replacing some of 
the hydroxyl. G. Cei^ro made some (^)8ervations on this subject. According to 
A. dos Cloizeaux, the cleavage is easy ini-wo directions at an angle approximately 
90°, anclless easy in a third direction in the same 2one. The crystals are optically 
biaxial and positive. The optic axial angle 2//-- -98°-99° for the r(‘d ray. The 
sp. gr. is 3‘81, and the hardness 5-5J. • 

S. L.'Penfield and H. W. Footo found a unique mineral at Franklin Furna(jn, New 
Jersey, which they called wehiingtle-^-aher W. A. Koebhiig It occurs in white aggregates 
of prismatic crystals and massive. The composition con’OHp(5hd8 with a mixture of 
6 CaHjSi 04 -i 21 ^()Cn(S 04 ), or calcium leM sulph^ohydrosilicatc. The sp. gr. is 3 433, and 
* the hardness 3 •25. It readily disselves in dil. acid, yielding gelatinous silica on evaporation. 
The wilkeite, 3Ca3(h()4)2 Ca('() 3 . 3 CH 3 i(Si() 4 )(S 04 )l, of A. S. Kakle and A. F. Rogers is pro- 
bably a mixture. 'J'hc lu'xugolial prism has it^axial rAtio a:c,= \ :0'73 ; the hardness is 5; 
the sp. gr. 41‘234 at 25’; the index of rcfriwtion 1 C40; and the birfelriifgence, c. 0'004. 
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'' § 51. The MangBuese Silicates • 

W. A. Lampadius,! P, Berthicr, and N. G. Sefstrom tested the fusibility of 
^Arious mixtures of manganese oxide and silica—MnO : Si02=4 : 1, 2 : 1, 1 : Ij 
and 1 : 2 — in their studies on slags. Various mLtures of these two constituents 
witbmagnesia, lime, ferrous oxide, and alumina were also tried. R. Rieke measured 
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the fusibility of mixtures of clay and manganese oxide. , S. Avery showed that the 
manganiferous glasses become strongly coloured when exposed to sunlight, the 
ultra-viole^rays, or radium radiations— vide gUss. •!. Bang prepared a manganese 
blue by calcining an* intimate mixture of manganese oxide, silica, and baryta or 
soda-lime. According to I. Waljker, aq. s*oln. of maneanese sulphate and scHlium 
silicate give^ white precipitate^ which has not been clDseiy examined. For colloidal 
manganese silicate, vide water-glass. F. Dorinckel mvestigilted mixtures of man- 
ganous oxi^e and 20-60 molar per cent. <A silica fused in IS platinum crucible ; 
mixtures with more manganese oxide attajlfed the platinum, and those with more 
silica only fiaed above the m.p. of platinum. The mixtures are melted a second 
time to ensure a complete reaction. Thfe re- 
suiting curves, Fig. 193, show That a manganous 
orthosilicate is formed at 1323° betVeen some ^ 
primar)*cr3rBtal8 and the liquid ; and that with* ^ l,50jf\ 
mixtures containing 49^60 molar per cent, of ^ 
silica, primary crystals rich in silica react with 
the liquid at 1215° to form manganous meta- 
silicate. The eutectic between these two silicates 
is at 1190°, with *45 ^lolar per cent, of silica. ,,,,,,, . - 

R. Akerinan measured the heats of solidification ^ M u nfirtpnf- 0/7 

of a number of manganese calcium silicate sltgs. • o^rpe t 

A. .ppuri a. t.™ - 

—from T«<ppos, ash-coloured— to an ash-grey guica. 
manganous silicate which he examined. Speci- 
mens have been found in various other localities. A variety fnom Langba^n, 
Sweden, was called by H. Sjogren pierotephroite—TrLKpo^, bittiT— in allusion to 
the magnesian content. Analyses were reported by (j. .1. Brush, W. (1. Mi.xter, 
G. C. Stone, A. Damour, L. J. Igelstrom, J. Wiborgh, F. Pisani, G. Paykull, 
A. des Cloizeaux, C. F. llammclsberg, T. Thomson, J. 11. L. Vo^, II. Sjogren, 
and J. C. H. Mingaye and co-workors. In the idealized case, tephroite corresponds 
with manganese orthosilicate, Mn2Si04 ; but there is usually some magnesia 
present, 1‘38-18’60 per cent. ; and 0-11*61 per cent, of zinc oxide ; as well as a 
small proportion of ferrous oxide and lime. Usually, t(‘phroite is regarded as 
a mixture, wMn2Si04.Mg2Si04, with n greater than unity. P. Berthier, and 
L. Bourgeois obtained crystals of tephroite by fusing the component oxides in 
the right proportions ; and A. Gorgeu, by passing hydrogen or carbon dioxide sat. 
with steam over a heated mixtuA^ of ma^iganese chloride and silica ; rhodonite is 
formed unless the action is *contiiiued for a lon^ Time. The presence of alkali 
chloride accelera,tes the formation of tejiflroite. J. H. L. Vogt, and J. H. Whiteley 
and A. F. Hallimond found tephroite an4 rhodonite crystals in some steel con- 
verter slags. • * *• * 

Crystals of fephroite are rare ; the mineral ifsually ticcurs in Crystalline masses ; 
thwjolour is grey, greyish-red, flesh ■rf'ed, reddilli-brown, and rose-rod. The colour 
often d|irkens on exposure to air. The crystals bekingio Wie rhombic system, and, 
according to H. Sjogren, have tKe axial ratios a:b: c--Ct46004 : 1 : 0*59389 ; 
G. Flink gave 0*4621 : 1 : 0*5914. The crystals are isomorphous with olivine. 
Observations were also made by^. des Cloizeaux, E. Kittl found that manganese 
orthosilicate glass has a* smaller number .of centyCs»of crystallization than other 
orthosilicates, and unlike them forms radiating gr^jups of crystals. The cleavage is 
distinct in two directions at right angfes to one Another. A. des Cloizeaux, and 



and H. S. van Kloost^r gave 4*044 at 25 W for the sp^ gr. Theliardness is 6-7. 
E. Kittl, and F. M. Jagerand S. van^looster, 1290°-1300°, gave n70°-1200^ 
for the m.p. The last-named found that the index of refraction exceeds l‘J39 ; 
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the birefringence is strong ; and the optical character negative. S. E. Larsen gave 
for the indices of refraction a-DSO-l'TOT, j3=l’785-l'792, and )/^4’797-“l’805. 
The crystals are stiongly ])l(«ochrtic. Manganese orthosilicate is (i’coniposed 
by hydrochloric acid withruit the evolution of chlorine, but with the separation of 
gelatinous silicic acid. A. blorgeu also lound thaj chlorine, water, or a soln. of sodium 
hycUocarbonate, readily atfacks this silicate ; when ijielted with manganese chloride 
and silica with the exchision of air and water vapour, the metasilicate is formed. 

L. J. IgelstrOm * applied the terra li'^'j^tephroite to what appeared to be a liydrated 
tephroito from Pajsberg, Sweden. The composition approximated (iHrUahydrated 
fnangaifcse orthosilivate, 3 (Mn,Mg)j,Si 04 . 2 Hjp ; the colour was pale red ; and the hardness 4. 
It is decomposed by acids with the separation of gelatinous silica. He also applied the 
term ep^gmite, and nefdeaite to other analogoui| forms apj^roximating hydrated manganese 
ofthosiUcate, (Mn.iitgl^SiOi.HaO. It is decompose by acids without the gelatinization of 
the silica. M. H. Klaproth analyze^l anotlier hydrate from Klapporud whicli^had the 
composition dihydrated t^anjanes^ortlmihcate^ Mn 28 i 04 . 2 H 20 . A. H. Idiillips described 
needle-like crystals of a mineral from Franklin, New Jersey, ^ii'hich had a composition 
correspondingVith (Mg,Mn,Zn)„Si20,4.2H20, and which he called ‘after 11. Jh Gage, 

liementite—nde infra -mn bo* regarded as tmnganese dihydro-inthosiheatc, MnH 2 Si 04 . 
S. L, J'erifield and C. H. Warren described a pule purple-red mineral from Franklin 
Furnace, New Jersey, which they called hm'ophoemnle—himx XcvkSs, pale; and (fxoivi^, 
purple-reA. The composition corresponds with Mn 3 (MnOl{) ihanganese dihydroxy- 

triortkosilicale. It is considered to resemble a hurnite with all the fluorine replaced by 
hydroxyl The crystals are luonoclmif. 'J'ho sp. gr. is 3 848, and the hardness 6^-6. 
It is slightly pleo(j?ir6fc. It readily dissolves in hydrochloric acid yielding gelatinous silica 
on eva^ration. The water is ox[)olled at a rod heat. F. W. Clarke considers both 
gageito and leucophoenicite to bo members of the humite groui), and, writing It for 
Alg, Zn, Mn, uses graphic formulie of the typo : 


KOH 

KOy- 


>SiO, 




“>Sil)4< 


KOH 

KOH 


S. L. Kerificld aiidC. H. Warren describi'd sonui delicate blui.sli-griMui, prismatic 
crystals wliioli tliey found at Franklin Furnace', New Jersey, to which tliey applied 
the name (jlaucochroik' from yAau/co?, blue-green ; and colour. The 

composition approximates to an isomorphous mixture of valaum and manymiese 
orthosilicates, (('a,Mn) 2 Si() 4 , with tlic ratio C’a : Mn- =1 : J. Tlio rhombic crystals 
have the axial ratios a:b: c- -0'440 : I : O'bbb ; twinning plane is (Oil), and the 
vertical a.xes cross at 58"^ dl'. The optic axial angle 2k-“^U’5r. The indices 
of refraction ani a— :l*679 j8--l‘7l()-i '722, and T729-1T735 ; and the 
birefringence y—-a^- 0’049. The sp.gr. is 3’407,und the Jiardness (i. Themineral 
is soluble in hydrochloric acid. ' 

0. Falaclie and W.‘ T.‘ Schaller ^ found a bright pink or reddish-brown mineral 
in monoclinic crystals at Franklin Fun-ace, New Jersey ; they cafeed it hodgkin- 
sonita. The analyses correspond with lUanganeso zinc dibydroxyorthosilicatC) 
Ma(ZnOH) 2 Si() 4 . ‘ The axiah ra'tios^arc a:b: c=l'539 : 1 : 1'1165, and 33J'. 
The mean refractive index is I •73'’ The miperal decrei)itates when heated, .and 
fuses to a brown onanud ; no water is lost at 110''. It is readily soluble in acids 
with the separation, of gelatinous silica. S. G; Gordon made some observations on 
this mineral. ' ' 

A. Schneider ® 'reported small prismatic crystajs of a mineral in the manganese 
mines at Nanzenbach, Germany, which Jie called inesite~from flesh fibres— 
in alluaiou to the colour and structure ; and G. Flink found some in the mine at 
Harrtig, Sweekm, w’-hieh he called rhodolilite-^iiom pobov, rose ; and t/Aos, fibre — 
and later, he established- its identitfy with ii^esite. A. Hamberg said that the 
*manganocahite described by A. des Cloizeaite, and P. Groth and J. A. Krenner was 
an inesite. 'A. Schneider, represented his analyses by (Mn,Ca).(Ma0H)2Si308.H20, 
in agreement with the facf that part of the water persists at^300°. Analyses were 
'also made by A. Hamberg, 0. C. Farrington, ai^id 0. Flink. G. Flink gave the 
fornjpla (Ca,Mn)Si 03 .iH 20 ; 0. C. Farriugtqn, H2(Mn,Ca)eSi60ii,.3H20 ; 
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F. Zainbonini, H2(Mji,Ca)2Si207.§HoO, hydrated manganese calcium orthodi* 
silicate. F. W. Clarke gave Mn2.Si./)Q(Mn.Si207.MuH3)2 j plus 

Ca2.Si207^Ca.Si207,H3)2-f 2H2O, when* Si^O^ is tjie si'xivajeut radicle of ortho- 
disilicic acid. ’ A. Hamberg showed that the amount pf moisture varies markedly 
with the humidity of the air ; and F. ZamU)umi found that 11)8 per cent, of water 
is lost at 1K)°, and 5’t?8*per cent.* at 310’. The de|jy(B’ation curve consists of two 
parts : the part up to does not correspond with any pkceptible cliauge in the 
mineral, w^ile above that temp, the nature of the mineral is changed. A. Schneider 
found that 4 54: per cent, of water was lost alf 110" ; and 0 48 at 200" ; 2 23 at 30()" ; 
0‘62 at 440°ii and 1*35 on igniti(^n- total loss, 9-22 per cent. 

The colour of the mineral is rose-red or flesh-red, and on exposure, this coloration 
disappears. The crystals usually occur in hbrous massc's, ofli'ii radiated and 
spherulitic. The prismatic crystals, atcording to li. Schiobe, and A jSchneidei^ belong 
to the*triclinic system, ami have the axial ratios n : h : -0 975200 : 1 : 1-321)78, 

and a=92" 18' 12", j3^.»132" 55' 51", and y-9J'^ oO' 42'*. The cleavage parallel to 
(010) is jjcrfect, less so when parallel to (100) and still less to (110/. Th«‘ sj). gr. , 
approximates 3’03, and the hardm^ss G. F. Ulrich ^uve 3 03 for the s]). gr. ; and 
tt=l G18, j3=l‘0369, and y— lit)44 for the indices of ^'fraction. R. Sehiebe 
found the optic aKiaUingle 20! to be G4'*for Li-light, 0.3’ 28' for the Najight, and 
02" 51' for the Tl-light. 'rhe index of refraction is 1*7782. The optical character 
is negative ; the crystals are faintly phaichfloic. • • 

D. F. Hewett and E. V. Shannon^ rejiorted rhombic crySTals of a mineral 
from Costa, Oriente Province, Cuba, and he called \\* vncHtile, 'TheX)mpo8i- 
tiun approximates 4('a0.2iMn20;j.5Si02.411.>0, or, with manganese tervalent, 
Ca4Mn4(8i04)5.41l20. The sp. gr. is 3*05, and the hardness 4*5-5*0. The biaxial 
crystals have the refractive indices a -1*758, j3 1*770, and y -1*795. The mineral 
is not attacked by cold hydrocldoric acid, but is readijy dissolved by the liot achd 
with the separation of llocculent silica, and tin* evolution of chlorine ; it is partly 
decomposed by moderately cone, sulphuric acid ; and is almost insoluble in c.on<‘. 
nitric acid. 

E. Bertrand ” found a manganese silicate in tin*, mines at Aderville, Halites 
Pyrenees, and he named it friedelite —after C. Friedol. Analyses were made by 

E. Bertrand, A. Crorgeu, C. Palache, 11. Lienau, C. Lindstrom, L. J. Igelstrom, 
and A. Hoffmann and F. Slavik. Forniuhc have bemi proposed by F. Rammels- 
berg, E. S. Dana, }fi. Zainbonini, and A. Hoflmami and F. Slavik, P. Grotli, and 

F. W. Clarke gaye ll7]\In4(MnCl)(Si04)4, manganese chloroheptahydrotetrortho- 

silicate, or graphically : • • 

/ • 

which is analogous with th(3 formula f(>r dioptasitwhmi JlnCT' is re^ilaced by hyilrogen, 
and manganese by copper. C. Palache# gave : HoMn7(MnCl)(Si04)6, and 
H2oMni4(MnCl)2Sii204y ; G. AminolT, H2;R"(0JiCl)](Si03)2 ; and F. Zainbonini, 
H46R'Si(MnCl)2(Si04)io. The ros*5-rcd crystals are commonly tabular, and the 
.mineral also occurs massive with a saccharuidal structure abd distinct cleavage, 
passing into compact masses with indistinct chiavage. The crystals belong to the 
trigonal system with •the axfal ratio a : C---1 :;0^5024 ; G. Aminofi obtained 
1 : 0*532 —0*502, and this ifgreed with tlio X-rrfdiogramS. The faces (1010) and 
and (loll) are often striated. The/(JK)0l) cleavage is perfect ; th^ sp. gr., 3*07 ; 
the hardness, 4r-5 ; the double ^pfraction ^s strong; *and the optipal character, 
negative. The mineral dissolves in*hy(lrochloric acid with the separation of 
gelatinous silicic acjd. G. Aminofi discussed ftio relatioyfl between the crystals of 
molybdophyllite and friedelitc. . • 

According to J. r. L. Hausmann,^ J. tllason and H. Gahn discovered in the ir^i 
mines of Bjelkegrura, Swedeg, hexagonal prisms of a ferruginous silicate whiej^ they 
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c&Uad pirodmlite—liom nvp, fire ; and oaiirj, odour— in allusion to the odour 
when heated; D. L. G. Kmten akered the term to pyrosiMlite. R. J. Hatty, 
and J. A. H. Lucas called it/er rmrat^ Analyses were made by J. Lang, E. Ludwig, 

F. Wohler, W. Hisinger, N. ^jlngstrom, A. Gorgeu, and F. Zambonini ; ana attempts 
to deduce a formula were made by C. F. Rammelsberg, E. Ludwig, F. W. Clarke, 

G. T^chermak, F. Zambonini,, and A. Gorgeu. *Thp isomorphism of the mineral 

with friedelite, and tho^eimilarities in the properties of the two minerals show that 
the constitution and*aomposition are t^same except that much of the , manganese 
of friedelite is replacea by ferrous iron, '^his makes pyrosmalite manganese ferrous 
chloroheptahydrotetrorthosilicate, H 7 (Mn,Fe) 5 Cl(yi 04 ) 4 . i;he crystals are 
thick and prismatic, or else they are tabular. The mineral also occurs massive 
and foliated. The colour is greenish- black, pale liver-'brown, grey, or green. The 
crystahtare often,b 50 wn externally, and ligh{ yfellowish-green internally. Observa- 
tion on the crystals wefe made ^yc J. F. L. Hausmann, W. Haidinger, Gj* Flink, 
R. J. Hatty, and H. J. Brooke. Ac/^ording to A. E. Nordet^.skjold, the axial ratio 
of the trigonal crystals is a :c~i: 0*5308. G. Aminoff found the X-radiogram 
agreed with the relations of* this mineral with friedelite and molybdophyllite. 
The cleavage parallel to ( 0001 ) is perfect, and iiciperfect parallel to ( 1010 ). The 
sp. gr. ist 3 06 -3*19, and the hardness E. S. Larseit gave w=l*675, and 

e~l*636. G. Flink hlso showed thijt (o and € were respectively 1*768 and 1*644 
for red light; r682*^and l'64f for y(fIlow light; and 1*686 and 1*651 for green 
light. The douWe refraction is strong, and the optical character negative. 
P. E. Wf Oeberg gave 01978 for the sp. ht. F. Zambonini found that there is a 
change when the mineral is heated to 200 "^ ; and that a large proportion of the water 
is lost at about 4(XP. The mineral is decomposed by acids with the separation of 
gelatinous silica. 

J. Jakob » ob 8 erv(!d a manganese tetramesosilicate,3Mn0.4Si02.3H20, from 
Val d’Err, Graubttnden. He called it parsettensite from the occurnuice at Alp 
Parsettens. The copper-red mineral occurs massive, it is uniaxial, and probably 
‘psoudohexagonal. Its sp. gr. is 2*590, and its indices of refraction a)== 1*576 and 
€=1*546. Part of the waOn is expelled at 100 °, and the remainder at dull 
redness. In the oxidizing flame it fuses to a brownish-black glass. It is decom- 
posed by hot hydrochloric acid with the separation of sihea. A variety of 
parsettensite with an extra Mn(OH) group was called errite after ita occurrence 
at the Val d’Err. Errite is brownish-red, and has the sp. <gr. 2*681, and the 
indices of refraction co=l*r>75, and €=1*547. 

G. Flink reported colourless rhombic dodecilahedra of a mineral, which he 
called harstigitef among the gaVnets at a Harstig mine, Pajsberg, Sweden. The 
analysis approximates H 7 \Ca,Mn)i 2 Gl 381 ^ 0040 ; and F. W. Clarke represents the 
analysis H 4 Ca 5 Mn 2 AL(Si 04 )fl,'^ making ‘harstigite calcium dimanganous dialu- 
mimum tetrahydrohexorthosilicate. The'smttll prismatic crystals belong to the 
rhombic system, tthd have»the axial ratios a : 6 : 0*71479 ; 1 i'l*01495. No 

cleavage was reported. The optic axial angles are 2//o--57° 50' for red light, 
57° 56' for yellow light, 'ind^58''’‘ 8 ' for green light; 2F=90° 27'. W. R^amsay 
gave for the indices of refraction with Na-light,' a= 1*6782, and )/= 1*68308. The 
optical character is positive. The sp. gr. is 3*049, and the hardness hj. The ' 
ignited powder readily dissolves in hydrochloric acid with the evolution of chlorine. 

In the eighteenth century, there were '-many references to Rothbraunstein, Roth‘ 
stein^ and Rothspath. A sample of this mineral from Kapnik, Hungary, analyzed by 
A. von Ruprecbtji-t was called by J. J. N. Huot, kajmikite ; by D. L. G. Karsten, 
Kapnik fttspv : and by A. G. Werner, fnatujaneserspar. According to E. F. Germar, 
0 . F. Jasche suggested the term rjiodcmtef^from poSov, a rose — in allusion to 
the beautifufted colour.* The term rhodonite was adopted ^by F. S. Beudant, 
J. F. L. Hausmann, and most subsequent y^riters. 

R. J. Hatty called the mineral tnanganhe oxydi rCde silijke ; C. C. von Leonhard, 
Kiestlv%angcm ; M. H. Klaproth, il:ichwanbraun$teinerz ; If, 8. Beudant, opsimose — from 
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o)\>ifios, late ; E. F. Glocker, manganoliie ; and mqro or lets impure or altered varieties 
have received various names. They wore analyzed by A. Schneider, E. Schweizer etc 
V. Berthiet called a more or less oxidized fofm|from»St. Marcel, Piedmont, marcdim. 
J. J. N. Huot 8 pesiUiie from Pesillo, and J. von JewreinolT’s heieroclinc, analyzed by 
J. J. Berzelius, are probably mixtures of a hydrated silicate, ‘silica, and wad. C. F. Jasche, 
and E. F. Germar called^ igreeu ma|ganiferou8 earthy silicate from Schobenholzo, Harz! 
aUagiier-itoiA iAAayij, change— ii\ allusion to tlie change M colour from green to yellotisli- 
brown on exposure to air ; it was analyzed by A. P. J. du M5idl, and shown to contain 
some carbonate. E. F . Germar called a rose-red sample hydropitc^from tiSpwfli, dropsy ; 
and a yollo’wfsh carbonated variety associated wiAi allagite was callea pltoticile or, according 
to R. Brandes, photizite from enlightening. Phoficito w’oa analyzed by 

A. If. Cheater, »P. Bertliier, A. Damctir, T. Thonwon, and A. P. J. du Mcnil. Tho^roy or 
brown corneous manganese-~Hommangan~and thotovwaite of C. F. Jasoho and E. F. Germar 
are of a similar nature to photicite. L. J. Igelstrdm called a variety from I’ajsborg, Sweden, 
pajshergite. More or less oxidiz^ and l^drated varieties aro^reprosonted by klipsteinite 
after A. von Klipstein — which is an amorphous black or brown nu&s*froni Klapporud, 
and was described by F. von Kobell, and J. F. Bahr. • IV Fiscl^r »howod that the supposeil 
mineral is a mixture, la J. Jgelstrdm describee^ -from stratum, and tri/d?, 

a relation by afljnity— occurring at Pajsberg, Sweden ; J. F. Bahr, and tV. E. Ariipe, 
wUtingite, occurring at Wittingi, Finland ; and P. T. Clove, N. and A. E. NordonakjOld, 
and A. Schneider, nettiocite — from veoroKos, of recent origin — occurring at Gostrikland, 
Sweden, and several other places. J. T. J^ardee and co-wofkers analyzed the iiootocite 
from Western Wasldng**n. The three last-liamed varieties of altered rliodoni^o appear 
to be the same. E. T. Wherry discussed the proposal to apply the *ferrn neotocite to the 
amorphous or colloidal manganese 8ilicato.s with ^iif ratio J^lnO : SiOj approximating 1:1. 
N. Engstrdm applied tlie term hydrorltodonite to a hydrated variety ^f rliodoiute from 
Langban, Sweden. A. Hamberg’s caryopihte — from Kopvov, walnut; and ir?A^ felt - 
occurs near Paj.sl>erg, Sw^oden, and consi.sts of reniform or stalticlitio nodules wim felted 
mosses of radiating fibres. The composition approximates IMnO.SSiOj.ailjO, but the 
material analyzed was impure. J. T. J'ardeo and co-workers suggested that caryophilito 
is the same as bementite. According to V. Hintze, through some confusicfti of cumming- 
tonite, and the rhodonite from Curnmington, Moss., analyzed by R. Hermann, C. F. Ram- 
inolsberg and others have referred to a manganese-amphibok^whivh G.*A. Kemigott ealleil 
hmnannile ; no such amphibolo is known. 

Analyses of rhodonite were reported hy J. J. BiTzelius,!- C, F. RaininelHberg, 
L. Coloniba, J. J. Ebelmen, H. von Foullon, A. Hainberg, 1). b’ino, F. A. Rdmer, 
A. Roccati, L. J. Igclstrdm, M. Wcibull, A. II. Chester, J. D. Dana, G. Lindstroni, 
L. V. Firsson, L. Sipocz, R. Hermann, W. Caniac, C. U. Shepard, G. vom Rath, 
II. Hahn, F. Pisani, and F. Fromme. Analyses of tlie purer samples of rhodonite 
correspond with manganese metasilicate, MuSiO^. A. Brongniart described a 
greyish-red calciferol^ mangafiese metasiiicate from Mexico, and railed it huslamiie 
-after M. Bustaideiitc. A. Brei^fhaupt showed that it belongs to the pyroxene 
group, and J. F. L. Hausman’^ demonstrated that i^i^ closely related \yith rhodonite. 
Calcareous varieties were analyziM by Pisani, G. Li^nUtroin, U. vom Rath, 
J. Fromme, and B. J. Igelstrdm. The formula^ correspond with mixtures 
nCaSiO^.MnSiOs. E. S. Larsen and E.,V. Shannon represent |he composition by 
CaMn(Si 03 ) 2 , consider the mineral to be a irlcknic pyroxene, ix, a sub-species 
of rhodonite. It has the optic axial angle 2Fi=41'^, and the indices of refraction 
a--V662, j8=l-674, and )/~l'676. * ^ 

Accwtling to A. S. Ginsberg, th^i f.p. curve, Ing. f94,* of mixtures of caktum 
(^nd manganese nielasilicates—ihQ former with a m.p. 1512'" and the latter with a 
ni.p. 1218°— shows a minimum at 1184° corresponding with 12;8 molar per cent, 
of calcium metasiiicate.# S. Kaflenberg gave 118(J° for the m.p. •of manganese 
metasiiicate ; and 1150° for the m.p. of tne enteetic with.lO per cent, of calcium 
metasiiicate. A. S. Ginsberg infers .that wollaifbonite and rhodonite are isodi- 
raorpbous, furnishing monoclinic mixed* crystfls. WoUastonite is triclinic ; hence, 
he inferred that there jiiust be a mfmocjinic variety of rnodonitc. A. *8. Ginsberg 
measured the sp. gr. and hardness of binai^r mixtures of calcium and^ manganese 
mctasilicates. E. Klttl found the glass in crystallizing developed 120 nuclei per 
sq. cm. P. Lebedefi cAitained the f.p. 6ur\% of mixtures of manganese and strorUiutm 
meUmlicates, but found there is % great tendency to form glasses with solid solin 
near the m.p. The two siliAtes are isomorpbous. Similarly with mixture of 
VOL. VI. • 8 H 
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inanganese mid barium meiasiUcale§. The f.p. curve has a minimum, but it was 
not exactly located because o| glass formation. He also found that magnesium 
and manganese mefasilicates, Fig. 19o, form two series of solid soln., witH a break in 
the f.p. curve at 1328° and* 40 molar per cent. MgSiOs. The m.p. of jnagnesium 
met^isilicate is 1535°, and t>f manganese metasittcate 1216°.^ The optiral examina- 
* tion shows that the crystals at the magnesium end 5f the series have the properties 



of eustatite, and those at the manganese end the properties of rhodonite, confirming 
the representation of the system as one of two series of solid soln. 

• A crystalline and foliated mineral resembling red felspar was mentioned by 
S. Fowler, T. Thfmison, and S. llobinson as a siliceous oxide of manganese. It 
occurs near Sterling, New Jersey, and was called fowlerite by C. U. Shepard. 
13. F. Glocker showed tliat it is closely related to rhodonite ; and R. Hermann found 
* that it contained //me, so that C. F. Rammelsberg called the zinciferous rhodonites, 
fowlerite. C. U. Shepard also called a variety of fowlerite keatingine. The iron- 
black dyssnite of T. Thomson was considered to be inanganese sesquisilicate ; 
J. 1). Dana said that it is an altered fowlerite. Analyses of fowlerite were made 
by C. U. Shepard, 0. F. Rammelsberg, W. Camac, and L. V. Pirsson. The formulae 
correspond with WiCaSi 03 .wZnSi 03 .MnSi 03 , wliich appears to be a mixture of 
silicates in isomorphous association. 

Rhodonite has bjfjcn reported by F.^ Wiser, P. von Jeremejeff, E. Tacconi, 
C. W. C. Fuclis, J. H. WhitcleyMiid A. F. Hallimond; and J. H. L. Vogt in various 
iron and steel furnace^ slags. P. Berthier, iff. G. Sefstrom, and L. Bourgeois 
made rhodonite by fusing admixture «)f the constituent oxides. ,A. S. Ginsberg, 
and S. Kallenberg ^}mployed a sjpular procegs, and A. Gorgeu fused a mixture of 
silica and manganous chloride in an atm. of moist hydrogen or air^ Good crystals 
were obtained in the pre.sence of alkali chloride. According to S. Kallenberg, 
although the crystallincjj fo);ni Qf synthetic rhodonite is very similar to that of the 
naturally occurring rliodonites, it differs from t*he minerals in the positive character 
of its double refraction. Synthetic rhodonites containing iron and magnesium 
silicate are optically similar to the pure mangaiiese silicate, but in the presence 
of 5 per cent, of calcium silicate the positive double refraction changes to negative. 
Since the natural rhodonites generally contain calcium silicate in greater proportion 
than this, th^ apparent discrepancy in the optical behaviour of synthetic rhodonite 
and the minerals is readily- explained.ff ^ 

Rhodonite occurs in crystals or cleawible masses ; and also in compact or 
granular nf^ssea. The , colour ranges Irom a light brownish-red to flesh-red, and 
rose-pink ; it fe sometimes greenish pr yellowish when impure ; and sometimes 
•black on the outside where it has bccfi exposed to air. Ihe fine red rhodonite 
stone is quarried in the Ural Mountains and used for ornamental purposes. The 
crystals are often large with roffnded edges ; commonly tabular, and spear-shaped. 
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As emphasized by H. Rose,i^ the crystals son^etinies rbseinble pyroxene in habit. 
G. Rose regarded the crystals as monecbmc, ^but,H. Dauber showed that 
they are^richnic, and, according to G. Funk, have the* axial ratios a:b:v 
-4-07285; 1 : 0*62127, and a=l03° 18' 7V, j8-108"*4i' 8", and y-Sl" 39' 16". 
Observations on the ct)^tals ha\% been made by 1^. Dana, E. 8. Larsen and 
E. V. Shannon, A. des Cloiz^aux, F. Tamnau, P. Grotlv N. von Kokscharoll,* 
R. P. Gre^ H. Sjogren, A. Hamberg, V. Goldschmidt, M. WbuU, L. V. Pirssoii, 
C. Andersmi, W. E. Ford and R. D. Crawforl, and H. L. Ung/mach. C. lllawatseh 
called tricliiyc crystals similar to but iftt identical W'ith rhodonite, lining the 
cavities of slags, ^tile — after tl. H. L. .Vogt. The cleavage j)arallel (11(1) 
is perfect, and that parallel J^o ((X)l) less perfect. T. L. Walker investigateil tin; 
corrosion of rhodonite. G. Flink for the optic ^xial angles 2//^ - 7^9'' 2b\ 
2 //o— 14)9° 56', and 27^=75° 57' for the red Lj-ray ; 2//fl“=79^()', 2//o-“-l()8 ’ 25', 
and 2Fo=76°12' for ^hc yellow Na-ray ; and^2//„-*78^ 38J', 2//o---107M3J', 
and 2 Fa=76° ^2' for the green Tl-ray. A. des (?loizeaux gave for bustiynil e 2E- - 68° 
for the red ray and 72° for the green ray. E. KitU found that the glass during 
crystallization developed 240 nuclei per sq. cm. The ^p. gr. ranges from 3'4() to 
3*68. J. Jakob gave^ 3*416 for the sp? gr. of rhodonite ; and A. S. Ginsberg 
found for various mixtures of calcium and manganese metasilieates, flie linear 
relations : , % * • • • , 

MnSiO, . . 0 15 40 60 70 85 ** ^0 100 jua* cent. 

Sp.gr . . 2 9 19 2 992 3 080 3*180 3*219 3*302 3*313 3*31^ 

G. Stein gave 3*44 for the sp. gr. of the artificial crystals of ma}iganeHe metasilicate, 
and 3*36 for the sp. gr. of the glass. F. M. Jiiger and 11. S. vanddooster gt^ve 
3*716 for the sp. gr. of manganese mctasilicate at 2571^. The ha|dness of rhodonite 
is 5*5-6’5. A. S. Ginsberg found that with mixtures of calcium and manganese 
metasilicate, the relative hardness has a maximum for mixtures with 15 per cent. 
MriSiOg : 

MnSiOj ... 0 15 40 70 85 100 

Hardness . . , 0*041 0*045 0*055 0*058 0*061 0*048 

C. Doelter gave 1170° -1195°, and 1220°-124()° for the m.p. of different samples 
of rhodonite; A. Woloskolf, 1216°; N. V. Kultaschcff, 1180°; A. S. Ginsberg, 
1219°; S. Smolensky, 1218°; G. Stein, 1470°-1500°; F. M. Jiiger and 

H. S. van Klooster,*1273° ; and S. Kallcnberg^ 1180°. For the m p. of mixtures 

of manganese silic&te with calciuip and magnesium silicates, vide Figs. 194 and 195. 
C. Doelter gave 1140°-! 17U° for the m.p. of fowl^Tite. P. E. W, Oeberg found 
the sp. ht. of rhodonite to be 0*1^99 ; U. le Ghatelier g*v<* 5*4 Cals, for the heat 
of formation; ,find*S. Wologdine, 7*725 Cals. Fryr the heat of crystallization, 
0. Mulert gave 0 0649 Cals, per gram, of 8*52 Cals, per mol. ; .and for the heat of 
soln. of crystalline and glassy manganese silicate in 2y per cent* hydrofluoric acid, 
he gave respectively 53*07 and 61*59 Cal#, per mol. A. Michol-L6vy and 
A. Lacroix gave for the mean index of refraction, ^1*73 ; and for the birefringence, 
y— a^*010-0 011. F. M. Jager aad H. S. van Kloo8\er*gave 1*739-1*733 for the 
jndex of refraction ; and J. Jakob, a=l'72I, and y==s 1*730. The optical character 
is negative. The crystals are pl^ochroic ; this was observed by J. Jakob, G. Flink, 
A. des Cloizeaux, W. Ramsay, afld N. von Kokschiyoff. • 

Rhodonite usually darkens on exposure to air, sometimes becoming nearly black, 
owing to oxidation. The mineral is slightly act^d on by acids, and the calciferous 
varieties often effervesce owing to the pfeseneg of calciun^carbonate. *^The powdered 
mineral partly dissolves in hydrochloric geid, and the insoluble part is white, Accor^t* 
ing to A. Woloskoff, the f.p. curve of mfxtufes of manganese metasilicato and 
sulphide has a eutectic with 6*85 molar per cent, of Mnf^ The Minerals torrensite, 
MnSiOg.MnCOg ; lacfoisiie, MnSiOg.SMnCfJg ; hudvile, 3 Mn 2 Si 04 . 2 MnC 03 ; vieL 
laurite, 2 Mn 2 Si 04 . 5 MnC 03 ; aifd chocolate-slone, 5 Mn 2 Si 04 . 3 Mn 304 . 2 MnC 03 , are 
considered by H. Lienau to tfe different stages in the weathering of rhodonite. 
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A. Gorgeu found that th meta^Hcate dissolves in melted manganous chloruh^ 
and crystaUizes out again gn cqpling^; if the fusion be conducted in the vapour oi 
water, the orthosilicate is slowly formed. A. Gautier and L. Halloplau found 
that when rhodonite is treated with ihc vap. of carbon disulphide at a white 
heat^ rhodonite is con verled^ into manganese *sul]phide,^'Mn3S4. G/ A. Konig 
liescribed a greyiah-yelUw mineral occurring in the zinc mines of Franklin Furnace, 
New Jersey. It is iialled benmtite—atter C. S. Bement. C. Palache said the 
axial angle is small, and the crystals \)elong to the rhombic system. ^Bementitc 
is >soft, with a micaceous cleavage, ancf sp. gr. J*981. Its analysis^^corresponds 
with htmihydrated manganous metasilicate, MnSi03.|H20. It dissolves in 
hot hydrochloric acid without the gelatinization of thcisilica. C. Palache’s analysis 
corresp4)nd8 with Jl^Mn5(8i04)4. P. Groth (fonsiders it to be manganese dihydrortho' 
silicate^ MnH2Si04. J. T. Pardee, E. S. Larsen, and G. Steiger represevt their 
analyses of the mineral* 8Mnb.7^i02.5H20 ; they consider caryopilite is of the 
same mineral species. J. H. Colhns described an amber-brown,, mineral from 
Penwith, Cornwall, which he called penwilhite. Its analysis corresponds with 
dihydrated manganous m^tasilicate, MDSi03.2H<>0. 

G. Fl|pk^5 obtained columnar crystals of a light-i?ed ixine^al with the habit 
of pectolitc, to which it is related chemically. It was found at Julianchaab, Tutop 
Agdlerk(;Jia, and Kang(!rdhiaisuk, Gri^mland. It was examined by C. Winther, 
0. B. Boggild, aiid C’! Christensen, and named schizolitc - from to cleave- 

in alluaifin to the marked cleavage. The composition approximates to sodium 
calcium manganese hydrotrimetasilicate, HNa(Ca,Mn)2(8i03)3, where some 
ferrous iron may replace the calcium, and some titanium, the silicon. 
TlA^! crystals belong to the triclinic system and have tln^ axial ratios a:b:c 
r-=l-10()13 : 1 : 1-98629, and a-90" 11', j3=94^ 45J', and y=103° 7J'. The cleavages 
(100) and ((X)l) are both ' perfect. The optical axial angle 2A’— 82''40', The 
sp. gr. is 3'048-3'089 ; and the hardness 5-5J. The mean index of refraction for 
•sodium light is l-(i32 ; and the birefringence on (100) is 00271. The crystals 
are optically positive. A. Breithaupti® referred to llesh-red or rose-red radiating 
fibrous masses of a calcareous manganese carbonate, as manganocaleitc ; but 
E. Breussig showed that the mineral from Sclnunnitz is a mixture of carbonate 
and silicate. The silicate had a composition corresponding with H2Mn3(Si03)4.H20, 
manganese dihydrotetrametasilicate. He cal kd the mineral a^oBte, from ayvoem, 
not recognized. The mineral belongs to the triclinic system ; the cleavage is 
parallel to the length of the fibres. Tlnisp. gr. k 3’054 -3-067, and the hardness 5. 
According to F. Ulrich, agnoUti* is identical with inesitc. J. Jakob described 
tinzenite from Val d’Sn;, Graubiinden, as a yellow manganese silicate with the 
composition 2Ca0.Mn203.Al2Q3.4Si02,,and occurring in monocliiiic crystals with 
the indices of refraction a~l’69.^,, l'7t)l, ^nd y--l’704; and the optical axial 

angle2P-62°43'«. , ' 

A. G. Werner applied the (erm carpholita or karpJiolite—irom 
straw— to straw-yellow ,cry/4tal^ of a mineral ho obtained in the tin mines of 
Schlackenwald, Bohemia. Analyses were reported by A. Steinmann, L. de KV)ninck, 
K. A. Lossen, F, Stromeyer,. and G. A. Keimgott. The analyses correspond with* 
(Mn,Fc,Mg)0.(Al2,Fe2)03.2Si02.2H20, or, in the idealized case, H4CaAl2Si20jo. 
Carpholite is considered to b^ kjomorplw^us with lawsonitc {q.v,), and to have the 
same constitution, making manganese dialuminium tetrahydrozydimeta- 
silicate, (HO}4MnAl2(Si08)2. ‘»'P. Groth ^ wrote the constitutional formula 
MnjAl(OH)2,l2(SiOs)2 ; and F. W. Oarke gave a formula like that for lawsonite 
Vith manganese in pluc§ of calcium. ^ n 

A. MichOt L6vy and A. Lacroii said that the crystals belong to the rhombio 
system like lawsbnite ; H. Fischer said Jhey belong to the monoclinic system. The 
Crystals were also examined by P. Groth, G. A. Kenn*gott, 0. Miigge, and 
W. Haidinger. The crystals appear in radiated hr ^stellated tufts and groups of 
acicular forms. The turning pfene is (100). The optic angle is 2F=60° approx. 
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There is a distinct pleochroisra. The sp, gr. is 2-876-2-935, and the hardness 
5-5J. The birefringence is y— a=0*022 anU the optical character is negative. 
The watef passes off at a red heat. The mintfal is^lot decomposed by hydrochloric 
acid, and it is decomposed by fusion with jlkali carbonates. 

In M. H. Klapipth analy zed a garnet which designated granaifomiges 

Braunsteinerz, It was obtained from Spessart, Batana, ajid hence F. S. Botdaiit 
called it spmartine, and it is now known as spessartite or manaancse garnet Several 
analyses have been made.i® I y 

' C. F. Rammelsberg 20 deduced tl» formula (Ca,Fo,Mn)3(Al,Fo)5;(Si04)3 ; 
and in the Tdealized case, spessartite is manganese dialuminium triorthosilicate, 
Mn3Al2(Si04)3, with isomorphous admixtures of other garnets— riV/e grossular. 
H. E. Bocke concluded that there i^^w continuous series of mixed crystals between 
spessartite and almandine ; but there is an extended break iif tiie series between 
spessarT-ite and pyrope. * / . • 

Spessartite occurs ffi granite, quartzite, afld some schists. W. Cross reported 
it in rhyolite focks. A. Gorgeu obtained apessartitf by fusing a mixture of pipe- 
clay and an excess of manganese chloride. 0. Doelter and E. lluasak heated a 
mixture of alumina and sjlica iif the p|;opcr proportiolis along with an excess of 
manganese chlorfde, ^and obtained tephroite, rhodonite, and manganic garnet, 
L. Bourgeois also reported the formation of spessartite* by fusing a mixture of tlie 
constituents; this, however, is doubtful because his product, was solubkf in acids. 
He may have made mangaiiese-leiicite. ^ ^ 

The crystallographic properties are indicated in connection with grossular. 
The colour is yellow, or reddish-browm. The sp. gr. ranges from 3 77 to 4*27. An 
increase of ferric oxide in place of alumina raises the sp. gr. ; and* an increasg of 
calcium in place of manganese low^ers the sp. gr. ; the hardness yaries from 7 to 7J. 
(\ Doelter andE. Hussak found that mangane.se-garntt decomposes when melted, 
forming rhodonite, tephroite, anorthite, and a gla8.s — ri/le grossular. B. (k Sabot 
found the indices of refraction for Li-, Na-, and the Tl-light to be respectively^ 
1 •7981 -1*8099, l’7998-L8145, and 1 -8046-1*8195. E. Reymond studied the action 
of chlorine and of hydrogen chloride on the mineral. 

\V. Haidinger described a monoclinic mineral from tlie auriferous sands of Olabpian, 
'J’ransylvania. It was called partschite — after P. rartsch. A. ]3reitha\ii>t previously 
inent-ioiied tliis as an unhekennten Mineralien. Its compo.sition approximates to that 
of spessartite, (Mn.FdljAljtSiO*)*, with which it appears to be isoinerie. 'J'ho axial ratios 
are rt : 6 : c = 1 266 • I : 0-817. The sp. gr. is 4 (K)G ; VV. E. Ford gave 4*180. Tin' ImrdnesH 

IS 6^-7. • . * 

A. Haraberg,-* obtained foliated or micaceous bibwn crystals of a mineral from the 
mine at Harstig, Sweden ; he regarded it a^a tnangano^zeolUc^aTKl called it ganophyllUe — 
from ydvos, lustre; fvXXov, loaf— in allasion to the high lustre on the cleavage plates. 
'J’he analyses correspond with 7 Mn 0 .AL 03 , 8 Sf(),. 6 H 20 ,A(^hich F. VV, Clarke formulated 

• * • • 

Mn<®'J^*>Al.MnSi04.Al<;5‘V>]ffn+7H30 

It is pPobably a mixture of several silicates. The short jtrismatic crystals belong to the 
monocbnic system, and have the axial ratios a :b : c=0-4130 ; 1 : 1^309, and ^—86° 39'. 

* The basal cleavage, like that of miga, is perfec't. The pereussion figure is a six-rayed star. 
The optic axial angle is 2^=41® 1^ and 2F=»23® 36' for the red ray, ‘and 2£;=*4r 63' and 
2K=a23® 62' for the yellow ray. The indices of refrootign are for the rexi ray, a — 1-6941, 
J5=s 1-7260, and y=» 1-7264 ; and for the yelldw ray, <•=» 1 *7046* = 1*7287, and y=a 1*7287 ; 
E. 8. Larsen and E. V. Shannon gavp a==l 663 1*573; 1*693 1 603; and y~l 693- 

1 604. The optical character is negative.. The to. gr. is 2 *84, and the hatdness 4-44. 
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§ 52. Iron Silicates • 

W. A. LampadiuSji N. G. Sefstrora, W.^S. IJattepon and P. F. Suiumors, 
and P. certhier made a number of observations on *tho fusibility of* fer- 
ruginous filags, and artificial products containing 4Fe0.Si02, ferrous orthos ilu'ale, 
2Fe0.Si02,* or Fe 2 Si 04 f and^ fetroiis metasilicate. F«0.Si02, or FeSi 03 . They 
also made ferric orthosilimte,*2¥Q2P or Fe 4 (Si 04 )^ and ferric meiasiticate, 
Fe 203 . 3 Sip 2 , or Fe 2 (Si 03 ) 3 , and tested the fusibibty oft, various other com- 
binations, Fe : CaO : Si02-1 : 1 : 1, 4 : 2 : S, and 1 : 1 : 2 f Fc203.30a0.3Si02 ; 
2Fc0.8Mg0,l)Si02 ^ SFeO.ALpa.SSiO.I and Fe 203 : AI 2 O 8 : SiOo- 1 : 1 : 3, 



Fig. 190. — Formation Tempera* Fig. 197.— FormrftiOrtTom* 
tures of Ferrous Silicates. poratures of ^'oO.CaO.iiSiOo. 


and 1:1:6. P. Berthicr said that the two ferrous silicates melted easily giving 
a mass containing rectangular prismatic crystals. The molten silicate readily 
penetrated a clay crucible. There was no evidence of the formation of the ^;Wo 
ferric silicates, and P. Berthicr assumed that the ferric ;)xide was reduced to ferrosic 
oxide by the gases of the furnace. J. Percy also record(*.d some oliservations on 
these products. J. W. Mellor found that the softening temp, of clay was lowered 
from 1710°-1160'^ by the introduction of 28 per cent, of ferric oxide. R. Ri(^ko* 
investigated the fusibility of clay and ferrous oxide in a neutral atm. 11. 0. Hof- 
man, and H. Stetfe measured the temp, of formation of the ferrous silicates and 
calcium ferrous silicates, and the results by the latter are illustrated on Figs. 190 and 
197. The latter diagram refers to the FcO : CaO— 2 : 1, in admixture with varying 
proportions of silica. M. Riiger ob- „ 
served no formation of the ferrous ' 
silicates between 900° and 1200^^. The .*,700° 
results for the system Fe(J-Ca(VSi 02 
were plotted , by, L. Babu, and ^ 

H. E. Ashley 611 a triangular diagram. ^,^0 
For colloidal iron silicates, vide water-* / 
glass. A. W.* Thomas and L. Johnson ^ 1 
filmdied the mutual precipitation, of * 
ferric hydroxide and silicic acid from /^200° 
colloidal soln. * 

’ J.TK. Whiteley and A.F.HalJimond ' ^ 

studied the formation of iron ^hcates /,000 - 
in the slags from acfd hearth steel 
furnaces, and they deduced a possible 
equilibrum curve for the f.p. of binary 
mixtures of ferrous oxide and ylica. 

This is shown bjf dotted lines ift 
Fig. 198. The results observed by 
0. von Kefl and \ Dammann, with 
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C. G. Gmelin 2 found ijiodules of a black mineral in the volcanic rocks at 
Fayal, Azores, and he called it layUite. The same mineral has been found in a 
few^other localities-fSlieMecarfach,tIreland ; the Yellowstone Natiotal Park; 
Cheyenne Mountain, Colorado ; Lipari, Iceland ; Cerro ‘ de las Navajas, 
Mexico ; etc. Analyses wore reported by C. G. Gmelin. C. F. Rammelsberg, 

R. v<^n Fellenberg, T. Thom*soii^ A. E. Delesse, F. A. fiooch, A. Schertel,^E. Classen, 
E. Mitscherlich, J. H. T5. Vogt, F. Bothc, B. Kosmann, H. Laspeyres, G. 0. Smith. 

S. Weidman, S. L. Pcmeld and E. H. F4)rbe8, K. Busz and F. W. Riisberg) A. Harpf, 
W. E. Hidden, J. B. Mackintosh, D. Lc^visato, M. Kispatic, and J. Sdllner. The 
results ghow that in the ideal case, the mineral i» fe^OllS orthosiliC£(l6, Fe2Si04. 
In some cases ferric oxide is present. The so-called manganese-fayalites have up 
to about 9 per cent, of MnO, probably in ^lid soln. 'as manganese orthosilicate ; 
those wth zinc ocUiosilicaUe are called zinc-fayalites — vide infra. The occurrence 
of fayalite in slags and furn^ctf products has been frequently recorded. ' Thus, 
N. Sokoloff found fayalite in roasoerliiliceous earths, in blalu furnace slags, in slags 
from cupolas,*in converter slags, and in slags from copper furnaces.* Observations 
on this subject have been made by F. Mitscherlich, C. W. C. Fuchs, J. J. Ndggerath, 
C. T. Jackson, W. H. •Miller, F. Bothc, M. Donderff, B. Kosmann, J. J. Ebelmcn, 
A. E. Arni)ld, C. 0. Trechmann, H. Laspeyres, A. W. Slelznfcr, G. Bellinzona, and 
J. H. L. Vogt. A. Lacroix observed that a slag was formed during the eruption 
of Mt. Bclee, Martijbque, fjy the melting together of the andesite walls and the 
iron contents of fl warehouse. The slag contained fayalite, magnetite, and glass. 
By heiffing a mixture rff ferrous chloride and silica in a current of hydrogen 
chargiid with steam, A. (Slorgeu obtained crystals of fayalite. 

Fayalite occurs in minute crystals of tabular habit, and also massive. The 
coliur is light yellow and transparent, becoming opaque and dark brown to 
black, and often irfdoscent on the surface owing to oxidation. The crystals belong 
to the rhombic system, and, according to S. L. Penfield, have the axial ratios 
a:6:c-0’4584: 1 :0T)793; J. Sdllner gave 0’46(K) : 1 : 0’5811. Observations 
*on the crystals were made by M. Bauer, and many of those who studied the fayalite 
in slags. The cleavage (010) is distinct ; (100) is less so. H. Michel studied the 
zonal structure in some artificial crystals of fayalite. J. Sdllner found the optic 
axial angle 1' 35". S. L. Penfield and E. II. Forbes gave 2//- 57° 27' 

for the Li-ray, 56° 32' for the Na-ray, and 55° 2' for the Tl-ray. The reported 
values for the sp. gr. of fayalite range from 3'90--4’24, and thcf'iardness from 6J-7. 
According to (J. Doelter, the m.p. of fayalite is ]055°--1075° ; 0. Kcil and 
A. Dammami gave ]5(X)° (Pig, 198). E: Kittl 'found that the glass developed 
220,000 nuclei per sq. cm. in erystallizing. V. frP()scfil measured the sp. gr. and 
in p. of mixtures of fayafite, Fe2Si04, ana of forsterite, Mg2S,’04,*and found 
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He also studied thg ternary system : forsteritt;~fayalite-lime olivine. J. fedllner 
gave for the indices* of refraction for the yellow^ Hg-line, a=P8044, j3— 1'8382, • 
and y=:l'8462 ; aifd S. L. Penfield and E. H. Fo^^bes gave a— L8236, j8=l'8642, 
andy =1*8736; "and for the strong birefringence y~a=0'05Cr. The optical character 
is negative. Fayalite dissolves in Ijydrochloric acid with the separation of gelatinous 
silica. This sujliject was investigAted by J. hji.' Thiele. 

J. J. Bernhardi and E. Brandesf^ referred to a compact greenish-yellow 
nflneral with an opal-like appearance w^icly they called chlofopal — from ;(Aw/)oc, 

green; and opal. ^ ' 

*; « 

f. The mineral wa^i obtained from Unghwar, Hungary, and was henbe called wighwarile by 
E. F. Glocker ; P. Berthier called a yellow orgreenish-yddow variety with an unctuous feel, 
nontropite, from Nontron, Dortlogne,, France, where it was Cound. A. Breithaupt called a 
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greenish variety with a soft soapy feel, pwpMt<c~frora pin^is, fat— it wa« analyzed by 
C. M. Karsten. It was obtained from Wolkonstein, ^xony. J. C. Freiesleben called a liver- 
brown variety from Halabriicke, Freiberg, FeiM ; and A. Krantz, C. Bergemann, and 
A. H. Chufth called a.grasa-green variety gramenik—hom grass— it was analyzed 

by C. Bergemann. A. Knop described a brownish -yellow imperfectly characterized silicate 
occurring ih cavities in the limburgyte of Sad^atch, Kaiserstuhl. It was called glasurilv 
in allusion tb its occurring in laver# glazing the interiiy of the cavities. He describetl 
another leek-green variety occurring under similar conditgons as protomntmiiU'. 
J. F. L. Hausmann described a fibrous yellow mineral from Antarip I’ereira, Mines Graes, 
Brazil, as %ntho8iderite — av6os, flower ; and a^Tjpos, iron. G. E. Sclmodermann’s 
analysis agrees with the formula 2Ee203.9Si0i^2H20 ; F. W. Clarke gave ^04(8130^, 2H2(). 
F. Zambonin*applie^ the term mfjjleritc — alter H. Miillee—to a massive yollowish-gieen 
mineral from Nontron, Dordogfle, hmneo, with a lower proportion of water than dliloropal 
or nontronite ; otherwise it closely resembles this mineral. Analyses were also reported 
by C. F. Kammelsberg, and M. Weibull. ,'J'ho formula) are mullerito, Fo203.2SiOj.2H2() ; 
and nontronite, Fe^Oa-SSiOo-SlIjO. FAW Clarke suggests t 4 mt iniill^nie is ferric jnetaslll- 
cate, FeJ^(Si03)3.2H20, Since the name miillorite bad been previously given for anotlier 
niinoral, M. Bauer propoj^d the term zamhomnitc. h^Kat/>r described a green granular 
or scaly earth from Kritz, Bohemia ; it was namofl hoe.feritc—cihor H. Hoefer. It closely 
resembles chloibpal or nontronite. Its composition approximates Feot 53 . 28 il)j. 3 Hj(). 
F. Katzer said that hOforite is das rainste. hisjetzt hekamUc naturlichc; FisctiorydhgdrosilmU. 
The sp. gr. is near 2 4 , and its hardny8.s 1 - 3 . , . 
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Analyses were reported l>yJ. J.Beruhardi and R. Braudes, F,. Hiller, T.'^l'liomson, 
('. von Hauer, P. Bertliicr, P. A. Dufrwioy, V.^ A. Jacqpelain, E. Biewand, 
(\ M. Karsten, J. H. Collins, H. Mehner, A. Selirauf, A. H. •Church, M.* Weibull, 
F. von Kobell, A. Liversidge, E. F. Smith, L. N. ('hapell,^H. Miiller, II. S4jdliuger, 
C. von John, F. Kovar, E. Wcinschenk, G. Steiger, etc. The results are not very 
concordant. The silica ranges from JG’DO- 48*59 ; the ferric oxide from 1 1'OI -36*4 1 , 
and the alumina from 0*75-25*95; water from 15*71-25*41 per c(^it. along ^vith 
a little ferrous oxide, magnesia, and lime. The mineral appears to be related to 
kaolinito, with ferric oxide in place of alumina. F. W. Clarke gave for ehloropal 
Fo2(Si04)3H6. Idealized nontronite, according to E. Wcinschenk, and E. T. Wherry 
and G. V. Brown, has the composition Fe./)3.2Si02.2H20 ; although usually the, 
actual composition is often nearer F. von Kobell’s Fe2O3.3SiO2.2H2O, which 
resembles that of inulleritc — vide infra. T. E. Thorpe gave for nontronite 
Fe2O3.3SiO2.5H2O ; and A. Bergcat, 2F02O3.9SiO2.4H2O. Those minerals range 
in composition between ferric kaolinite uiul a ferric halloysite. A. Lacroix de- 
scribed a huncTal, faratsihite, (Al,Fe)203.2Si02.2H20, from Faratsiho, Madagascar, 
with refractive inefices rather higher than those of kaolinite. (yhloropal is an 
earthy mineral, dr compact-likc^opal ; it lias a light green colour which becomes 
dark chestnut brown when die water is Spelled, There is no evidence of crystal- 
lization. ,The sp. gr. varies *from ,l*727”2*]d'5 ; apd, the hardness 2^-3|. 
E. T. Wherry {ftid G. V. Brown gave for the refracHve indices 1*595, )3“4*595, 
and y=l*620. It is partly decomposerj by hydrochloric acid.^ C. Simmonds found 
that chloropjvl is completely reduced by lyiting^it to redness in hydrogen. 
J^W. Mellor found the heating curve gave a tprrace at about 150°, and he inferred 
that nontronite probably breaks do^n at that temji. into free silica, free ferric oxide, 
and vfeter ; G. Tammann and C. K Grevemeyer alsotjarfte to the same conclusion, 

• and added that nontronite became yellow at 100°, brownish at ^50°, brown at 800°, 
and reddish-brown at 800°-900'^, It lost 78 per cent* of its w^ter at 100°, none at 
100°--200°, and the remaining ^atcr was lost continuously between 300° and 600° . 
Ten per cent, sulphuric acid dissolved dht 0*01 tper cent, of iron at 20°, and 1*73 
jier cent, in the mineral calcined at 1000°. H!*von Wartenberg represented the 
action of chlorine on the heated min^.ral by 3Fe2Si04-f 3Cl2=Fe4(^i04)3-|-2FcCl3. 

J. E. Spurr * classed a mineral os gllucoiiite jjrhich C. K. Leith, and H. N. Winchell, 
and F. W. C arke foynd to be free from potassium and the chefiical comp«lfllion to approxi- 
mate o FeSiOs.wHjO. The colloidal piinerid was called ^recnah'/c. G. R. van Hise and 
C. K. Leith showetl tljat a similar product il obtained by reactions between soln. of ferr^s 
salts and the hydrogel of silicic Iwid. A little ferric iron is present in both the natural 
and artificial products. A bl(fck or dark brown conjpact earthy mineral found in^yarious 
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ports of Norway and other countries was called huingerUe — after W. Hisinger — by 
J. J. Berzelius.® It was analyzed by P. T. Cleve, A. P. Thoreld, C. F. Rammelsberg. 
F. W. Clarke, 0, M. Schwartz, M. WeibulJ, P. Sustschinsky, A. H. Church, A. Nikolajel?, 
and.L. J. Iwanoff. Thefohnftla ajpproxftnatee to H4Fe3Si209.2H20, pr Fe203.2&i0t.4H|0 ; 
E. 8. Simpson represented it EejOj.2SiOg.2HaO -fadsorbed water. The index of refraction 
is 1 •49-1 -63. A variety occurring at Deg^6, Finland, was call^ degerdUe by H. J. Holm- 
berg ; a variety from Wilmkigton, Delaware, was dolled canoy^e by A. C. Hawkins and 
E. V'. Shannon — half tho water being lost at 110®, ^ne analysis was summarized by 
HgFe'"aSijO,.2HgO ; the indices of refraction were a=*l*662, /5=l-580, and y=l-582, but 
marked variations we^hserved ; the opi^ axial angle was small and the op tidal character 
negative ; a dark greerror block variety with rather less water than hisingerite, was called 
akotiolite—from crKSnos, dark— by A. E. Alppe. A non-homogencHpus eaifh containing 
about If /) per cent. MnO, and occurring at Vestra Silfbdrg, Sweden, was called mangan^ 
hisingerite by M. Welbull. An earthy mineral from the gilling mine, SOdermanland. 
Sweden, was called gillingite by W. Hisinger. ,It was analyzed by C. F. Ramraelsberg. 
A vari^y from Bpi^nmais, Bavaria, thraulite — ^ffom dpavXos, fragile — by F. von Kobell ; 
another variety from the same locality^was called after G, Jolly — by F. von Kobell. 

J. P. (’ooke called a reddfth-lilack ^irth from jyiineral Hill, Ponij^^ylvania, mehmosideriter— 
f rom pAas, black ; and olhrjpQs, iron.^ The analysis agrees with Fe^SiO 4. 6H|0. F. A. Genth 
^ suggested thalf melanosiderite is a variety of liraonite with colloidal silica or silicic acid 
as an impurity. J. Krenner described a massive black earth occurring at Avasthal, Hungary ; 
and he call^ it avasiie. "^j^he composition approij^ates .5Fe2O3.2SiOg.9H2O, and it 
is probably limonite admixed with silicic acid# * ^ , 

• 

A. Scacchi® described a mineral resembling olivine which he found in the 
Vesuviart lavas of 1^31, near 6apa di ftabataniello. Analyses show that it contains 
calcium and ferrSus orthosilicates in isomorphous association (Ca,Fe)2Si04. The 
crystals^^ero examined by E. Scacchi. E. Kittl found the glass in crystallizing 
developed 240 nuclei per sq. cm. Analyses were made by H. Struve, S. L. Penfield, 
W. G. Mixtcr,.and 0. H. Warren. S. L. Penfield and E. H. Forbes gave for the 
opfic axial angles 2//”76‘^ 59' for Li-light, 76° for Na-light, and 75° 46' for Tl-light. 
The sp. gr. is 3'9l,*and the, hardness 6-7. The lime-iron-olivinc of J. H. L. Vogt 
has a similar composition. The rhombic crystals have the axial ratios a:h:c 
--0’43663 : 1 : 0'57832. The colour ranges from colourless to pale brown. 
’W. T, Schallcr reported on a sample of a red mica-like mineral which he called 
gillcspiie- -after F. Gillespie, who found it near Dry Delta, Alaska. Its composition 
approximates barium ferrous tritertetrasilicate, BaF(5"Si40io ; its sp. gr. is 3’33 ; 
its hardness 4 ; it is optically uniaxial ; its birefringence is low ; and it is strongly 
pleochroic. C. T. .Jackson found crystals of a manganous variety, (Ca,Fe,Mn)2Si04, 
in some blast-furnace slags. The hyalo-siderite of F. A. Wakhner ^ is a mixture 
of 7M(jne.shm and ferrous orthosilicates in isomorphous association, and approxi- 
mately (Mg,Fe)2Si04 with Mg': : 1 ; likev/’ise also the mineral named by 

G. J. Brush,^ hortonolite—ahet' Is. R. Horton— »from the iron-mine at Monroe, 
New York. Observation^ by G. J. Brush* and J. M. Blake show that the mineral 
, is intermediate in oompositioil betweem olivine and fayalite, for the ratio Mg : Fc 
is nearly 1:1, Thfc rhombic crj^stals are yellow or yellowish-green, and have 
the axial ratios a : J : c=0’46^.30*: 1 ! 0*5803. The optic axial angle 2H<j“83°-86° ; 
the sp. gr. is 3*91 ; and the har&ness 6-74. G. T. Prior found the silicAte 
(Mg,Fe)2Si04 with Mg : F(¥-3: 1 iit the meteorites of Barote, India, and Witterjrrantz, 
South Africa. « , 

K. Hofmann* Dog^n obtained a kind of olivine in cavities in the slag at the Clausthal- 
silver works. The composition approximates (Fe.CaliSiOg wij^h about 2 per cent, of 
the magnesiimi .‘ilirate, and 6 p^r^cent. of calcium orthosilicates. The axial ratios are 
0 : 6 : cw:0'4371 ; 1 ; 0'5768, 'and refractive indices for Na-light, o=l*6968, /5=1*7340, 
y« 1*7430. « 

J. W. Dfibereiner® applied the tirm after M. von Knebel— to a 

nfliicral which, according to J. F.”L. Ha^isml.nn, and G. A. Kfenngott, was derived 
from the graltite of Ilmfiieau. It* has been observed in other localities. The 
tron-knehelite or i^dstrornitc of M. Weibull ^as obtained from N/)rrbarke, Dalekarlia. 
Aiialyses were reported by J. W. Dobereiner, A^, des Clorzeaux, M. Weibull, 
A. Erdniann, and F. Kossmat and C. von John. The results show that the dominant 
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constituents are mangamus fmoim oriho^ilicates in isomorplious association, 
(Mn,Fe)2Si04. K. ’Busz and E. W. Riisherg found knebelite in furnace slags. 
Accordin^to M. WaibuU, the black rhombic crystals hhve the axial ratios a >6 : c 
=:^0’467 : 1 : The crystals are pleochroic.* A. des Cteeaux gave 2A’==115°~12(f 
for the optic axial angle. Th$ sp. gr. is 3‘93-4'y, and the hardness 6 7. 

P. E. W. Oeberg gave 0‘1665 lor the sp. ht. '* ; * 

W. T. Roepper^^ described an iron-manganese-zinc-cheysolite occurring at 
Sterling HJII, and at Franklin Furnace, NewUersey. J. D. Daha called it roepperite ; 
and G. A. K|pngott, sterlitigite (actually stklingite). The analysis by W. T. Roepper 
corresponds with a Inixture of fehous, manganous, zinc, and magnesium ortJmilicates 
in isoniorphous association. , The colour when fresh is pale yellow, but it darktuis 
on exposure to air, becoming green fvnd black. The crystals belong to the rhombic 
systen^ The (001) and (010) cleavages are distinct ; (100) is spfiiltery. Tlfe sp. gr. 
is 3-95-4-08, and the l^rdness 5J~6. The ctykek are«lightly negative, and they 
are decomposed by acids with the separatioif oi gelatinous silicic acid. E. KittI 
found the glass FeMnSi04 developed 10 nuclei per sq. cm. W. Stelzner observed • 
foliated aggregates of tabular crystals of a zinc-fayalite in^tho zinc-furnaco slags 
of Freiberg. Thq an^lysistcorrcsponds wth an isoniorphous mixture of ferrous and 
zinc orthosilicates, (Zn,Fe)2Si04. . * 

According to A. Cronstedt,!! a cross ma^lc'of two brown sjx-sided crystals of a 
mineral, called lapis crucifer, or Easier Tauffstcin (baptismabstone) was* worn as 
an amulet at baptisms in Basel in the eighteenth century. , A (*, cording to G%J\ Kunz, 
to-day the lapis crucifer is worn as a charm in Brittany and other places. U. 1^ G . do 
Robien called the mineral pierre de croix ; A. (Vonstedt, and J. G. Wallerius, 
hasaltes crystallisatus ; J. B. L. Rome de I’lslc, schorl cruciforme ; J . (*. Delaniethvrie, 
staurolite ; H. B. de Saussure, granalite; and R. J. llaiiy, stgurotide. The term 
staUTOlita — from araupd?, a cross — is now generally employed. M. F. lleddle 
described a reddish-yellow mineral from Milltown, Scotland, as xantholite-~iwn\ 
^avdo^, yellow— but A. Lacroix showcMl that this mineral is staurolite mixed witl^ 
some mica. T. Thomson called it crucite ; and G. A. Kenngott altered the term to 
ermilite. 

Analyses were made by H. V. Collet-Descotils,!*-^ L. N. Vaiiquclin, M. II. Klap- 
roth, and many others. C. W. PaykuU analyzed a sample from the dolomite of 
Nordmark, Wermland, Sweden, and found 11 '61 per cent, of Mn304, and 
it was called manganese-staurolite or nordmarkite ; while F. A. Genth found a 
sample from Geolrgia with 7’ 13 ucr cent.^of zinc oxide, and it was called zinc-stauro- 
hte. From his study of thi analyses, C.*F. Ramfnelsberg assumed /hat the mineral 
was a mixture of a salt of the silibic aci^, HgSiOg, and a/)ivalent base, and a salt of 
the silicic acid; H2’4Si30i8, and a tervalent base. ,S. L. Penficld and J. H. Pratt 
deduced the formula HAl5FeSi20,3, aluminium ferroxytetraluminyldiortho- ’ 
SiUcate, (FeQH)(A10)4Al(Si04)2. T. Groth (A10H)(A\p)4Fe(Si04)2 ; and 
\y. FriedI, (Fe,Mg)eAlo(AlO)m(OH)4(Si04)u, F. W. Clarke represents andalusite 
by the formula (Al:^i04)2 : Al.St04S-(Al0)8, jnd for the staurobte he gives 
Fe: f(Si04:Fe)-Al-{Si04 i (AdOlsJL, in which #omb Fe" can bo replaced by 
. (FeOH)2. , . . . 

Staurolite is found in many*metamorphic schists — e.g. muscovite or paragonitic 
schist — and in some gneisses or Elates, It is often associated with garnet, sillimanite, 
cyanite, and tourmaline. . H. St. C. DeVille and ll. Caron obtained what they 
called staurolite, by the action of silicon tetrafludiide on a hcaU^d mixture of alumina 
and quartz ; but H. St. C. Deville shbwcd 1#iat the product really Fad the composi- 
tion of silhmaiiite. .P. Hautefeuifle a^d J. Margqftet also said they obtained in tkir 
work on the synthesis of phosphates a suftstaice resembling staurglite. In neither 
case is the evidehce sufficient to ^establish the claim* that staurolite has been 

synthesized * * ® 

The colour of staurolite nftiy be reddish-brown, yellowish-brown, or brownish- 
black. The crystals coiiunonly have inclusions — quarts, garnet, cyanit<^ mica, 
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tourmaline, magnetite, rutile, carbonaceous matters, etc. The quartz incksum, 
said A. von Lasaulx,^'^ may amounf toJO-40 per cent, of the^ total wekbt of the 
crysiah. This is sutEcient to account for the great variations—yamounting to 27-0] 
per cent — in the proportioif of silica r(^)orted in the analyses. The carbonaceous 
matters may he regularly arranged, producing a Ussellated^appearance when viewed 
in crtfss-section, and r^alling^the effect observed ifith andalusite. This subject 
has been studied by L. Penfield and J. H. Pratt, A. Lacroix, S. Webber, and 
C. T. Jackson. Euhiiral crystals occfir in short prisms, crystals also bccur witJi 
rounded edges but seldom in anhedral grajins. W. Phillips gave measu||pmcnts from 
which A. des Cloizeaux calculated for Jhe axial* ratios of th6 rhombic crystals, 
a:b: c— 0‘1734 ; 1 ; 0*6828. Observations on the , crystals were made by 
M. J. Ackuer, G. Primics, C. F. Peters, N. vofi KokscharofT, J. R. Blum, E. J. Chap- 
man, C? A. Koim*g5tt, A. Jes Cloizeaux, B. Studer, A. von Lasaulx, P. Tprmier, 

0. Luedecko, G. GuricH, £. S. fj^ana, C. F. Rammelsber^ F. A. Genth, V. von 
Zopharovichj^P. Groth, and Comte'Ue Limur. The crystals comp^only occur as 
• cruciform twins ; when the twinning plane is (032), the twins cross nearly at right 
angles ; when it is (23^), the twins cross at nearly GO"" ; and in the rarer case, when 
it is (230), the h-axes make*an angle of 70°i45|'. ‘Sometimes ,the jtwinning does not 
affect theT)utward fctrni of the crystals, and the optical properties alone show that 
twinning has taken j)lace. # Tjillings ijometimes occur. The cleavage parallel to 
(010) is distinct l^uh interrupted ; traces occur parallel to (110). A. Michel-Levy 
and A. J^croix gave for ];he optic axial angles with red light, 2//o— 113° 10', and 
2Fa=88° 46'; F. Horner gave 2F=82° 2'~80° 45'. A. des Cloizeaux gave 
2//o=117° 52', and 2Ko-01° 39'. The last-named found that by raising the 
tenyj., the optfc axial angles are perceptibly diminished. The sp. gr. of staurolite 
ranges from 3‘4-3*8 ; F. Horner, using E. Clerici’s liquids, obtained 3*753-3*778 ; 
and C. F. Rammelsberg, 3*654-3*660. The hardnc.ss is 7 or over 7. R. Cusack, 
gave 1115° for the m.p. ; and A. L. Fletcher, 1165°. G. Spezia made some observa- 
tions on this subject. The indices of refraction arc high. A. Michel-Levy and 
A. Lacroix gave for red-light a^l*736, j3— 1*741, y-=l*7466 ; W. H. Miller gave 
j3--l*7526 ; A. des Cloizeaux, 1*749 ; and F. Horner, a -1*7344-1*7040; j8~l*7399- 
1*7660 ; and y==l‘7033 -1*7733. The birefringence is low. A. des Cloizeaux gave 
y~-a-™0'010, and y--j3— 0*003. The optical character is positive. The pleochroism 
is distinct and was studied by H. Rosenbusch. 

Staurolite is imperfectly decomposed by sulphuric acid. Staurolite alters into 
muscovite. C. Simmonds found.that staurolite doqs not show any 'definite reduction 
by hydrogen at a red heat. Tht^. alteration of staurokte in nature has been dis- 
cussed by J. R. Ilium, i^A.^Pichler, H. Rosi^nbusclf, and C. R. van Hise. , According 
to F. W. Clarke, the alleged ^Iteration of staurolite into steatite is questionable. 

' J. Lemb((rg studied the action of soln. oi sodium silicate at 200° for 586 hrs.-- part 
was transformed inj,o analcite, and part into a' hydrated sodium silicate. 

Pliny in his Historia mturalis (37. 25) refers to various kinds of carbunci4i ; 
and added that the Alabandic stones from Orthosia, Caria (Asia Minor), were cut 
and polished at Alabanda'. The stone from Alebanda appears to be the corximon, 
Syrian, oriental or previous (jarnel, and, in the Middle Ages, the name Albanda came . 
to be applied to a cpstly stone — ^the garnet, ruby, topaz, and hyacinth. The term 
was corrupted and appears in various forms in th^l writings of the Middle Ages— 
alainandina, alavandina, and afmandina; tJ. F. B. Bruckmann,i® indeed, attempted 
to derive the term from Allemands'. D. L. G, Xartsen applied the term almaildill6 
to the ferrous-garnet, and J. J. Borzel\;is, Fdhhm Grand. 

«v Numerous' analyses havelbeen reported ; anh from them C. F. Rammelsberg, 

and J. Uhbg di^duced the formula (^e,M'g) 3 (Fe,Al) 2 (Si 04 ) 3 . In the idealized case 
almandine is regarded a^ lerrons di^uminium tiior^osilicdte, Fe 3 Al 2 (Si 04 ) 3 , 
aij.d the presence of magnesium and ferric-ifon are supposed to bG due to isomorphous 
admixture with magnesia-garnet and a fcrric-garn(;t— vide grossular. Almandine 
occur8'‘in granitic rocks, gneisses, etc. 
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The properties of the crystals have also been dkcussed in connection with 
grossular. Almandine is coloured various shaties of red, brownish-red, and rarely 
black. Ttie sp. gr. janges from B. Seeba^h found the sp. gr. of a sayiple 

crystallized and fused were respectively 4*0J, and 3-09 at ordinary temp. ; another 
sample gav^ respectivyl}! 4*025 and 3*240. \V. E. For^ gave 4*250 for the sp. gr., 
and P. J. Holmquist, 4*039 -4r 201 ; and for the htlrdness^on the (lll)-face,#1058 
(quartz on the (OOOlj-face, 1000) ; on the (llO)-facc, 1159 f and on the {100)-faco, 
1246. Ttfl hardness is 1-1\ on Mohs’ sct*ic. J. Joly gav^^for the m.p. 1175'’; 

R. Cusack, 1265°; A. L. Fletcher, 1313%1318°; A. Brun, 1070°; and C. Doelter, 

11 10°-1215^ Ther?; is no tribe mfp. because, as C. Doelter and E. Hussak shojved, the 
mineral decomposes when it is melted— vidc grossular. A. des Cloizeaux found 
1*7716 for the index of refraction, jh Rosenbuscli gave for Li-, Na-, and Tl-light 
respectively 1*8022-1*8052, 1*8078-1*8107, and 1*8125-1*8>59 ; C. 

1*7958, 1*8017, and 1*8062; A. Brun, l*787-l'*7^, 1*191»-1*8U0, and 1*805; and 
M. Scebach, 1*7722-1*7^3 ; 1*7778-1*7936, imdT7858 -1*7866. W. E. Ford gave 
1*830. The aftcrations which almandine undergoes in nature have feen discussed . 
by J. R. Blum,io J. Roth, E. Ilelland, C. W. Paijkull, and 11. G. T. Waclitmeister. 
The action of chlorine and hydit)gen cljloride on the heate’d mineral was studiiid 
by E. Reymond. ’ ' , , ^ . 

J. B. L. Rome de I’lslo 20 referred to une espke de scliorl violet from St. Cristophe, 
Dauphiny; A. G. Werner called a variety from Thuin, Sa,xon^, Thuuhi'slem, a 
name later changed to thimiite ; J. F. Bliimeubach called it GhsschOrl : J . Cl Delame- 
theric, yanolitc — from ldo9ov, violet; A. Estner, AJterschbd M. 11. nlaproth, 
Glasstein; and R. J. Haiiy, axinite— from an a.\e -in allusion to the 

broad acutc-edged form of the crystals. ^ . * . . 

Analyses were made by M. H. Klaproth, 21 L. N. Vainpielin, W. llisingor, and 
many others. C. F. Rammelsberg attemjded to decUice a formula and obtained 
H4R"8R'"8Siii044, supposed to be a complex, containing Il48i04-f 4R"2^i04 
-f-2R'''4Si308. Empirical forinulao were also proposed by J. E. Whitfield^ 
0. Luedecke, W. E. Ford, P. Jannasch and J. Locke, etc. 11. Sjogren gave 
R"4(Si03)5 : AI.BO3 ; and P. Groth, (Ca,Mn,Fe,Mg,H2)7B2(Al,Fe)4(8i04)8. 
G. Cesaro regarded axinite as a combination of diortho-and meta-silicates or els(5 
a basic triple metasilicate with B2O replacing some silicon. W. T. Schaller concluded 
that axinke is really an isomorphous mixture of two components : ferro-axinitey 
Al2BHCa2Fe(Si04)}, and Al2BHCa2Mn(Si04)4. If the boron be 

basic and cq. to aluminium, these two axinites are to be regarded respectively as 
cedciuoi dialuinuiium ferrous '*boTcUotetrorthosil^cate, and diahinnniuni 

manganous boraloletrorlhos'ilicatt^! but if the 1)04*011 b^e ^acidic, hs it usually is, 
F. W. Clarke considers it to be a inixc'5^ ortho- and tri-silicate : 


>Al-By,vA1011 

Fe::=: 8 l 30 g * • 


T. L. Walker and A. L. Parsons* analyses corjespond^ with ]3RO.B2O3.10Si()2, 
thus lhaking axinite a cahium ferrms manganese aluhihiium boratosilwalc : 



Axinite occurs in cavities in granite syid diabase— c.^. Strii'gau, Silesia, and 
Mt. Monzoni, Tyrol. It is probably formdd as a contact mineral ip the prescjice 
of calcium aluminowhcates. The raifteral ha^nSt been synthesized. C. Doelter 22 
found that if melted and slowly cooled, crystals resembling adple are formed. 
It might possibly be obtained in a*dry^elt if the right ayent vimraUsatenr were 
present; and possibly also in hydrothermal way. 

Axinite occurs crystalline and massive in l^elhe or granules. The C4>lour is 
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clove-brown, plum-blue, pearl-grey, honey-yellow, greenish-yellow, and peach-blos 
som-red. K. von Kraatz-Koschlau*and L. Wohler ^3 could not satisfy themselvet^ 
that, manganese is thc*cau8c of the c(^our. The euhedral crystals are usually broad 
and acute-cdged, and rarely prismatij. The anhedral crystals are lamellar or 
granular. The crystals belong to the triclinic ^stem ; sceording to ,A* Schrauf, 
the axial ratios are a : J : c=l<5542 : 1 : 0*86415, and a=96° 57', j8=98° 52', and 
y— 103*^ 2'; and, according to A. Schmidt, a : 6 : 0=1*14936 : 1 : 0*86501, and 
a=:96° 57' 52", 53' 39", and y:<-102° 51' 55". Observations weie made by 

V. Goldschmidt, G. vom Rath, A. d^s Cloizeaux, 0. Luedecke, M. Websky, 
F. C. Neumann, C. F. Naumann, F.^ A. Quenstedt, A. L^vy, l€ H. Solby, 

B. W. Frazier, H. Buttgenbach, W. H. Miller, F. Hessenberg, J. D. Dana, 

W. T. Schaller, H. Sjogren, A. Offret* gnd F. " Gonnard, E. T. Wherry, 
K. Zimanyi, G. Awiinoff, £.*M. Poitevin, and A. Franck. The cleavages parallel to 
.(010), (001), and (130) Me distintt ;*the cleavage parallel to (ill) less so ; and the 
cleavages pfn;|jllel to (110) and (Ozlfare in traces. Some faces are often striated. 

• A. des Cloizeaux found the optic axial angles somewhat variable even in sections of 

the same crystal. H(; found, for red-light, 2/f=71® 38' to 87° 49' ; 2F=7r 38' to 
74° 17' ; and 2fc’=153° 46'\o 158° 13' ; while for Hue-light, 2^f=83° 28' to 87° 47' ; 
2F=7r 59' ; and 2^=159° 49' to 172° 10'. A. Krejci gave 2F=c. 70°. The 
change with variations of tam]^. betwegn 21° and 171° was found to be very slight ; 
J. Beckenkainp aj^o* found only about half a minute variation in the axial angles 
betweoi^0° and 200°. , 

The sp. gr. of axinite, according to C. F. Ramnudsberg, is 3*294, and after 
fusion, 2*812; W. Haidinger gave 3*271; A. Krejci, 3*22; and E. Grill, 3*314. 
W.,T. SchalhlV found the sp. gr. varied with the proi)ortion of contained 
manganese~per ce»t. MnO— 

MnO . 1*06 2*90 0*60 10*71 13*41 13*69 

Sp. gr. . 3*268 3*287 3*299 3*302 3*306 3*358 

llron oxide probably also has a great influence. R. Cusack gave 995° for the m.p. 
of axinite, but added that the mineral probably changes before it fuses. 
A. L. Fletcher gave 1045°. C. Doelter found axinite is decomposed by fusion — 
vide supra. The indices of refraction are moderately high. A. des Cloizeaux 
found a— l*6720,]8=l*16779, and y ~ 1 * 68 10 for red-light, and a - = 1 * 6850, ^9 = 1 * 69 1 8, 
and y=l*6954 for blue-light. The birefringence is low, y—a=- 3*0090 for red light 
and 0*0104 for blue-light. A. Krejci gave a=l*678; j8s=l*685 ; and y=l*688. 
The pleochroism of the crystals is well marked ; it was studied by D. Brewster, 
W. Haidinger, A. des Cloizeaux, 0. Luedecke, H. Rosenousch, and A. Bertin. The 
pyroelectricity of the crystals was studied^by R. J. Haiiy, A. L6vy, C. P, Brard, 

• P. Riess and G. Rose, W. G, Hankel, and G. Friedel and A. de Gramont. Axinite 
also becomes electrilied by fricticn. G. A'. Kenngott found that the powdered 
and moistened niineial has a strong alkaline reaction ; after calcination, the reaction 
is not so marked. Acids scarcely affect axinite ; but after fusion, the mineral Is 
decomposed by hydrochloric acid with the separation of gelatinous silicic acid. 

E. L. Gruner 24 fou,nd asbestos-like or lamellar-fibres of brown mineral, which he 
c&Ued pyroxene ferru^ineux, in the metamorphic schists of CoUobri^res, Dept, du Var. 
It was named by G. A. Kenngott, gnmerite. Analyses of grunerite from this and 
other localities by E. L. Gruner, S.' I^reutz, t.nd A. C. Lanp and F. Sharpless show that 
its composition corresponds with terrous metasijicate, FeSiOs, plus a few impurities. 

C. F. Rammelslerg showed that chemically, And A. des Cloizeaux that optically, 
grunerite is related to amphibolic hornnlende. E. V. Shannon obtained the iron 
ena-member of the anthophyllitic ie^es d mixed crystals, (Mg,Fe)Si 03 . He called 

' it iron^anthopf^iUje. It ooeprs impure in the Coeur d’Alene district, Idaho. The 
coloufof the mineral is white or pale brow?. The plane of twinning is (100). The 
cleavage resembles that of hornblende. A. Lacroix found the optic axial angle 
to be ^§=95°. The extinction ai^gle, according to A. Michel-L4vy and A. Lacroix, 
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is ll'-lS . Bi. L. Gruner gave 3-713 for the 8p.,gr. For the synthesis of the m('ta- 
silicste, vide supra. H. le Chatelier gavajor" the heat of formation FcO+SitL 
-^FeSi 034-5 Cals. and FeC 03 +Si 02 =C 02 *+FeSi 03 i- 7 - 6 'Cals. S. Woloatline 
gave (Fe(hSi02)=5-905 Cals. The index fit refraction and birefringenec were 
stated by \ C. Lane Sfld F. Sharoless to be high, for the mean index of refraction 
is 1-7, andy-o exceeds 0-030 ;.A. Lacroix gave y-aAO-ODG, The rhombic crystals 
of iron-anthophyllite have a positive elongation, and the indices of refraction 
a -1*668, and y=l*685. Grunerite is plootWiroic. / 

T. G. Bonney 26 found a mineral resembling hornblende occurring in groups of 
prismatic cr^tals in? the gran\te btnd syenite of the Island of Socotra, Indian-Ocean. 

It has been reported by A. Harker, T. G. Bonney, G. A. Koenig, etc., in other 
localities. A. Sauer named it after E. Riebeck. W. C. Smith found 

implements made of riobeckite among relics of ancient 'dwellers* near Jebel''Katul, 
Soudan? Analyses were made by A. Sauer, G! :i. Kfwmig, E. Grill, J. Orcel’ • 
C. Palachc and C. H. f^arren, and H. RoseftbuSch. The mineral^as studied 
by B. Gossner,'*A. Vendl, S. Kreutz, M. G. Murgocj, and V. de Souza-Brandao. * 
In the idealized form it is supposed to be sodium ferric dimett^silicate, NaFe(Si03).2, 
mixed with ferrous metasiljeate dnd pof^sibly some microcline. It approximates 
2NaFc(Si03)2.FeSiD3. * Riebeckite is the amphibole representative of the^jiyroxom; 
acmitc or (egirite. Z. Weyberg fused a mixture of ^silicic aci^l, ferric hydroxide, 
sodium carbonate, and a large excess of sodium chloride, and* obtained crystals of 
sodium ferric dimetasilicate, NaFe(Si03)2. The black prismatic cryatali,of rie- 
hockite belong to the monoclinic system. The prismatic cleavage (1 l(i) is perfect. 
The sp. gr. is 3'33-3*49, and the hardness r>J~6. C. Palache and C. H. Warren gave 
1*693 for the index of refraction with Nadight ; the birefring^ice is feeble 
a— y~0*(X)51 for the blue ray and 0*003 for the red ray. The optical character is 
negative. The mineral is strongly pleochroic. F. W. Olarke and G. Steiger found 
that the mineral is decomposed when heated with ammonium chloride. 

M. II. Klaproth referred to a Blan-eisenstem from Ciriqiialand, 8. W. Africa, and * 

F. L. Hausmann called it cror^ohVe— from xpom, woof— in allusion to its fibrous 
structure. E. T. Wherry and K. V. Shannon called the blue ploo(‘broic ampliibolcs, 
(jlaucamphiboles, and described a somi -magnesian croeidolite with the composition 
NfljO.MgO.FeO.FejOa.BSiOj.HjO. M. F. Meddle called an earthy variety from the 
gneiss and granite of Abnachan, Scotland, ahriachanite. Analyses were made by M. H. Klap- 
roth, F. Strofneyer, C. Doelter, A, Renard and C. Kleraent, A. H. Chester and F. J. Cairns, 
and A. E. Delesse. regarded os a fibrous variety of riebeckite, and its comtiosition 

averages NaFe( 8 i 03 ) 2 -FeSi 0 , — vide glaucophane. Croeidolite occurs in lung asl^estifonn 
fibres. The optical properties correepond with the mohoclinic system ; the cleavage is 
prismatic; the sp. gr. 3'20-3*if0; and the hardness l.j The optic axiaNangle 2/!/=36''. 

A. Lacroix found the birefringence V-o=ip 025, and the f|5tjcal character negative. 

C. Hepburn described a brownish-yellow alteration product whicli he calle 4 l (friqualandite ; 
it analyzed By A. Renard and C. KlemeiA, C. F. lTOmmelsl)erg, and F. Wibel and 
F. Neolsen. By the infiltration of silic^ou^ matters, *the »South Afncan mineral forms a 
yollowish-brown compact rock with a fibrous struriurS, a^id a chatuyant lustre, and is 
pojmlarly known ^ tiger's eye, or cat's-eye. H. vo^ Foiillon, and A. Bukowsky described 
an rol^tiform variety of glaucophane in*»wliich the aluminium has been partly replaced by 
ferric iron ; and it is sometimes classed with abriaohanit6. It wAs found in Rhodes iHlond , 
and called rhodusUe. It was analyzed 'by H. von Foullon, P. Tsc*t>winsky, W. Iskiill, 

R. Dohlsand C. Hlawatsch, M. F. Meddle, and W. Jolly, and M. Cameron. W. Iskiill 
studi^ the action of hydrochloric odd on the mineral. W. F. Smeetb, and L. J. Spencer 
dewribed a soda-ferric-am^ibole approximating 2NaFe^"{8iOj,),.Mg,Fe"(8iO,)4 from the 
Bababudan Hills, Mysore, and hpnee called bcJb^udanj/le. *C. Palache, and G. 1). Louder- 
back described a blue mineral occurring in lath-shappd crystals in Berkeley, California. 

It was called crowife— after W. Cross. Tl/b mineral is iifterraediate in composition between 
neb^kite and glaucophane. The sp. gr. is*3'16. ^Tt was stroijgly pleochroic. B. Gossner 
studied the chemical composition of tllis aiyl related nj^^erala. • • 

H. Str6m27 mentioned the pccurrence of I crystaMiiic hornbl(?ffcle or schorl 
at Eker, Norway ; and P, Strom regarded it* as a definite mineral species which he 
named wernerine — aftej A. G. Werner. J. j . Berzelius called if acmite — from aKfjtrj^ 
a point — ^in allusion to the poiq^a extremities of the crystals. A mineral fourj by 
VOL. VI. * 3 N 
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J, Esmaikin tie hngesmdidid,^ Norway, was named by J.l Betzehm 
and later called leginte-BfterrEgk the Icelandic god of the m. TkcnZh 
acaito were shown by Nt B. •MdII«r, and W. Haidinger to belong to,th. 

(/roup ; and the crystals ot asg/rite wfe examined by P. Plabtamour, L. J. lyaU. 
mark, and shown by T. Scheerer, A. Breitbaupt.G. A. Kepgott, and M.\on. Horn, 
berg to belong to the fiugite family, and G. Rose s/iggeated that the two niinrrals 
belong to one spccit^.* C. F. lisinnielsherg showed thdt Semite snd SBginno have 
nearly the same coijiposition. J. D^Bana, and A. des Cloizeaux regarded than 
as independent species, but G. Tscherm^, and C. Doclter showed that the essential 
characters of oogirite and acmito are identical, but, ^s W. C. Brogget emphasized, 
each possesses certain peculiarities which makes it desirable to retain the namt's 
representing them as varieties of one speejes. ' 

Arfhlyscs woAjinade b]^ P. Strom, J. J. Berzelius, A. Breithaupt, C. F. Rammels- 
berg, C. Doclter, F. Pisaiv, J. MoTozewicz, F. Gutzkow, W. Ramsay, J. Machado, 

(J. 11. Smitjj^ S. llillebrand, A. ftsamn, F. W. Clarke, C. P^lache and C. H. Warren, 

B. J. Harrington, W. A. SUbermuntz, Z. Weyberg, R. Doht and C. Hlawatsch, 
H. Rosenbusch, and J. Lorenzen. A. Holmes found a specimen with 0-0253 per 
cent, of uranium, and 0*015 per cent, of lead ; *and E. S. Larsen and W. F. Hunt 
found af Rainy Creek, Montana, a vanadiferous oegirite wfth up to 3*98 per cent. 
V2O3. Attempts to repi;psent the composition by formulae show that idealized 
acmito* contains ^pdium fe*rric diifictasilicate, NaFe"'(Si03)2, in isomorphous 
association with ferrous and calcium metasilicates. It is the pyroxene equivalent 
of the amphibole riebeckite. Various mixture formula) have been proposed by 

C. F. Ramraelsborg, C. Doclter, J. Lorenzen, J. Machado, J. Morozewicz, 

S^ Hillebranfl, and C. Palache and C. H. Warren. Acmite is a mineral of 
eruptive rocks ^nd is generally accompanied by leucite or nephelite; it is 
common in ela)olitic syenite. M. Vuenik found that when the constituent oxides 
are fused together, a glass containing crystals of magnetite is formed ; and when 
acmite is fused, it also solidifies into a mixture of magnetite and glass. C. Doclter, 
however, observed that some acmito is formed by fusing and cooling a mixture 
of the constituent oxides. H. Backstrom kept a mixture of silica, ferric oxide, 
and sodium carbonate for 3 days at a dull red-heat, and obtained crystals of 
acmite ; and he also obtained acmito by fusing a leucitic phonolite and very 
slowly cooling the glass. Z. Weyberg also obtained acmite by fusing a mixture 
of silica, ferric oxide, and soda with a large excess of sodium chloride. Z. Weyberg 
also obtained a chromk-acmite, or sodium chromic dimetasilicate, NaCr(Si03)2, 
by substituting chromic oxide Jor ferric oxide. ' J. Morozewicz also observed the 
formation of acmito iq metasilfcate magmas containing less than 50 per cent, of silica. 

P. Niggli obtained a potashacmite, potiiissium ferric dimetesilipate, KFe(Si08)2, 
by the hydrothermal process’ at 450®. ■ 

The long prismatic crystals o| acmite aye coloured brown, or reddish-brown ; 
ffigirite also occurs in long'-I)ri8ma’tic crystals arranged in tufts (fv groups, and in 
fibrous forms usually dark green. V. S. Deleano and E. Dittler found the crystalliz- 
ing power is not markedpbui the speed of crystalfization is considerable. The 
monoclinic crystals of acmite and cegirite were found by W. C. Brogger to have 
nearly the same §ixial ratios a : 6 : c—1-09957 : \ : 0*60120, and j3— 73° lOf'. The 
twinning of o^girite is not common ; but acmite is commonly twinned on the (100)- 
plane. Polysynthetic jbwinfiing enclosing twinning Jameilse is also common. The 
crystals are often' vertically striated or channelled ; and the prisms may be bent, 
twisted, or btoken. Inclined hemUiedrism as with ppoxene is also found. The 
<4 cleavage parallel to (1 1 0) Is distinct, that parallel to (010) is less so. The crystals of 
acmite oftej^show a zonal struefure, bwng ^een within and blown outside — the green 
segirite is strongly pleoChftic, while the brown acmite is but feebly pleochroic. The 
* optic axial angles are large. W. Brbgger gave for ,8egirite ‘-with Na-light, 
2^=134° 27'; 2Ha=63° 41'; 2Hp= 1 17° 18' ;o and 2 Fa^ 63° 28' ; W. Ramsay 
gave 2F=63‘13°-66°. F. Zaijjbonini attributed the isomorphism of diopside and 
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acmite to the near equality of the at. vol. and sum o{ the valencies of the croups 
CaMg and NaFe'". R. W. 6. Wyckoff studiofl the X-radiograms of aemitc The 
sp. gr. vqyies from 3'5-3-6, and the hardnfcs from MJ. A. Jrun gave for the m.p, 
of acmite, 970° ; Cr Doelter, 965° ; and V. Schumoff-jjeleano and E. Uittlcr, 960°- 
1030°. H. Leitmeier gave for segirite, 9<p°-950° ; and M. Vucnik, 970°-’l010°. 

B. A. Wulfing found the in(hceS of refraction to ,bo’o^ 1-7630, j3=l-79!)(i and 
y=l-8126 for Na-light ; W. Ramsay gave a=l-777, /3=f 801 ; and W. F. Hunt, 
for vanadRerous iegirite, a=l-745, jS=l-77(i and y=l-782. B. A. Wulfing gave fo^ 
the birefringence y-o=0 0496 ; y-p=00136 ; and J3-(1=00.36. The optical 
character k»negative, Acinito js but slightly affected by acids, W. C. Brogger 
found acmite altered to analcite, and J. F. Williams, to manganiferous pcctolite. 
F. W. Clarke and 6. Stcigei«found no marked change when wgirito is heated in the 
vap. of ammonium chloride in a sealed tube. . , , ^ 

H Sjogren '* found a minoral at Langban, Swefen, vdiiefi had been confused with 
schaBerite, and wliich hi called urftonitc— after ¥rbfc Hjarne ; the inineral w-aa also in- 
vestigatod by L. J. Igelstrdm, who called it The two niinerals^re very much* 
alike except that the latter has rather more manganesft oxide— the liigliest reported for 
lindesite is 10 97 per cent. MnO, and for urbanite, 6-71 per cent. Analyses show that it 
is probably a mixture of aenjito antf diopside. The colour i^s chestnut- brown to brownisli- 
black. Tho mono^linit? crystals belong to Uie pyroxene family, and have the%xial ratios 
a ; 6 : c = l*1009 : 1 ; 0 6058, and ^ — 12 ^ 7'. The habit is pyrtimidal ; tho cleavage 
parallel to (110) is distinct. The sp. gr. is 3‘52#3‘S3, and tUb hardness 5-0. It is strongly 
ploochroic. It is only slightly attacked by acids. Tho so-called seem to 
bo intermediate in composition between the augites and iegirite.*'* 

lu nature, wollastonite is often tinted presumably with ferrous metasilicato. 
The mineral hedenbergite was named by J. J. Berzelius 3o after L. Jlcdenberg, and 
was classed by K. J. Haiiy among the amphiboles. C. C. von JiConliard regarded 
it as a ferruginous variety of augitc. C. F. Rammelsbcrg foand hedenbergite in 
slags. Hedenbergite appears to be one end-member of a scries of solid soln. of 
calcium and ferrous metasilicates. The composition in the ideal case approxi- 
mates calcium ferrous metasilicate, CaFe(Si 03)2 ; and there are many intermediatff 
meiTfbers of the series with the general formula Ca(Fe,Mg)(Si 03 ) 2 , between it and 
diopside, CaMg(Si 03)2 {q-v,). A. Brun gave 1100° for the m.p. of hedenbergite ; 

Doelter obtained numbers ranging from 1095°-1135°; and V. Poschl, 1100°- 
1140°. Calcium ferrous dimetasilicate is monoclinic; sp. gr. 3’5-3'6 ; and hard- 
ness 5-6.* In nature, tho minoral is contaminated with a variable proportion 
of diopside, and other silicates. V. S. Delcano and E. Dittler studied the 
rate of crystallization of hedeni)ergitc. , (}. Tamniann investigated the action of 
ferrous aluininate, iron, mtfngauese, and nickel, ftigl also iron sulpludc on the fused 
calcium ferrous diractasilicate. C. Doiltcr, H. Wulf, H. Xosenbusch, E. Manasse, 
T. Wada, D. Lovisato, V. Poschl, G. vom tlath, K. Xusz, H. Sjogren, E. A. Wulfing, ^ 
and A. H. Phillips discussed compl^xe^ which aje regarded a» solid soln. of Iieden- 
bergite and diopside. V. Poschl measured tic sp. fjr., the m^., and the angle of 
extinction of mixtures of diopsid^, CaMg(Sj 03 ) 2 , hedenbergite, and found : 
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0 

30 

40 
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90 
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A. Breitliaupt called hedenbergite 6ofoplii6rite—rfroin earth ; <f>o(>€a', to carry ; 

and L. J. IgelstrOm called a variety with |k stellate radiated structure, astaroiie. M. Weibull 
obtained if variety rich in manganem, manganffhedenbergite^from Vostor-Silfberg, Sweden. 
E. F. Glocker, and B..Sewergm ap{nied 4he term lokdite to a variety of hedenbergite ff'&m 
Lotalia, Finland. The violan of A. Breitliaupt isfa darkjjiolet-blue vtyjjety of bedonber- 
gite which occurs in prismatic crystals at St. Marcel, pj^dhiont. w^ analyzed by 
A. des Cloiz^ux, L. CJ^iinhut, and E, Sthlu^ig. L. J. IgelstrOm’s anlhofhroite — from dvBost 
flower ; and colour — is a rc^-red or violet variety of violan. The manganiferdbi 

hedenbergites have been examinea by L. L. Fermor, A. K. Coomaraswamy, T. Wada, and 
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L. J. Igelsirdm. A. N. Windjell reported a tit(»i§liedenb6rgit€ from Pigeon Point, Miime- 
sotft, which he called pigeonite. 

J. Palmgren found ferroanthoph^itef 3FeSiO,+RSiOa, in an eulysite rock from 
Sddeimanland, and E. V. Shrfnnon^founcf it in the Coeur d’Alene district of Idaliu with the 
composition (Fe,Ca,H 2 ,Mn)SiQj. He regards ferroanthophyllite as the end-member of 
the anthophyllite series, and the mognesiiAi end-member is called magnesioanihophylliie. 
The nyroxenic mineral sobrdlitii, found by i. Palm^», associatldVith ferroanthophyllite, 
has tne composition 4MnSiO 3 . 2 FeSiO j.CaSiO j.MgSiO 3 . It is triclinic, with three cleavages. 

J. M. Sobral found sobralite with the optical axial angle 2 7=* 41°; the birefringence 
jj— oa'0’0025 ; y— Uj0176 ; and y--o=f 0 * 0200 ; and the optical character i^egative. 

A zinciferous variety, found by W. H. Keating and L. Vanuxem,** has been called 
jefferaonite. It is supposed to be a complerf of CaMg(SiOa) 2 , CaFe(Si 03 )j, raMn(SiOg)j, 
and CaZft( 8 iO a).^, or a mixture of the individual metasilicatee. Analysfes have been reported 
by R. Hermann, F. Pisani, F. A. Genth, W. A. Waldschmidt,G. J. Brush, W. F. Hillebrand, 
and F. W. Clarke and E. A. Schneider. C. Doe^ter synthefeized it by crystallization from 
a mixture of the mojtcn constituents. Its indicdb of refraction are a— 1*668, y** 1*703 ; 
and its birefringence, 0 030. A. ^s^Cloizeaux measured the crystal constant^ The 
sp. gr. is 3*63. V. PfischFgaWs 3*53wor the sp. gr. of a sample wHh 25 per cent, of ferrous 
oxide; 1140° for the m.p,, and 60 ° 30' for the optic axial &gle. R. Hermann, and 
G. A. Kenngofb likened it to augite ; A. Breithaupt regarded it os a pyroj;.ene. 

A. Breithaupt applied the term rickterUe — after T. Richter — to a yellow amphibole 
from Langban, Sweden,, with, a sp, gr. 2*826 ; L. J. I^lstrOm, and G. Flink used the same 
term for a similar mineral, though possibly npt the same, from Pajsberg, Sweden, which, 
according lb G. A. Michaelson, had a sp. gr. 3*09. The colour is brown, ^yellow, or rose-red. 
Analyses were made by S, Kreutz, N. flngstrOm, G. A. Michaelson, L. J. IgelstrCm, and 
R. MauzoJdus. The crystals worcexamineil by G. Flink, who found the monoclinio crystals 
had the axi&l ratio* dfb : c=0*6499 : 1 : 0*2854, and jS=76° 46'. It is considered to be 
a mixed^diinn mofpimtmynanganeaemetaailicaie, or better, (Mn,Fe,Mg,Ca,Na 2 ,K 2 )Si 03 . 

G. T. Prior, P. Termior, G. M, Murgoci,and A. F. Rogers have discussed riebeckite in rocks. 

H. Sjogren described a coarsely crystalline columnar aggregate associated with rhodonite 
at Langban, anj^ known locally as blue rhodonUe, H. SjOgren called it aatochite — from 
ncrr%xos, missing tho mark — in allusion to the fact that it was at first regarded as a pyroxene. 

R. Mauzelius’ anaV^sis shows that it is not far from richterito in composition, 
(Mn,Fo,Mg,Ca,Na 2 ,KjH 2 )Si 03 * The colour, said A. Hamberg, is not sufficient lo distin- 
gui^ it as a separate species from richterite ; and H. SjOgren called it aoda-ricJUcrUe. The 
crystals are monoclinic ; the cleavage angle is 56° 27' ; the colour varies from blue to 

•greyish -violet ; and the extinction angle is 15° 40'-17° 15'. The optical character is 
negative. N. 0. Holst described a yellow mineral occurring in fine crystalline needles 
at Langban, Sweden. It was named marmairoliie — from fiapnaipcw, to glisten. Its 
sp. gr. is 3*07 ; and its hardness, 5. The composition approximates to that of richterite, 
and F. J. Wiik suggested that marmairolite is a massive form of that mineral. G. Brocchi 
found a mineral occurring at Vesuvius and at Capo di Bove in wool-like forms, coloured 
dark brown. It was named hreislakite — after S. Breislak. The greenish -grey 'or greyish- 
white hair-like crystals in the lava of Cyclops Mt. wore named cydopeifi by A. des Cloizeaux. 
This is not to be oonfoimdeil with tlio lime-felspar ryclopite of W. S. yon Waltershausen. 

C. F. Rammelsberg empliasized 'the resemblance hreislakite to hornblende; but 
E. J. Chapman regarded it as a vaript;, of pyroxene. A. von Gasaulx, however, showed that 
its optical properties and/o^ are like those 0 ^ the aiftphiboles. The pleochroism is well- 
marked. It is considered to be a variety of richterite. • r 

H. J. Brooke described a i?nineral frtun Greenland which he nonied arfvedscmite, 
or arfwedaonite — after* J. A. Arfveds^n. Acooldi^g to W. Haidinger, it is a ferruginous 
variety of hornblende^; The olde^anulys^s of T. Thomson, and J. A. Arfvedsoi?. were shown by 

A. Breithaupt to refer probably to jegirite (g^.v.). The analyses quoted by C. F. Rammels- 
berg is also that of tegirite ; and A. Lacroix shewed that G. A. Koenig’s analysis "is 
probably that of riebeckite. Maly tes were made by J. Lorenzen, F. Berwerth, 8 . B^rtolio, 

B. Qossner, and K. R^rdain. Tho results show that the mineral is a eoda-horvhlendej and 
is a complex mixture, ' The main constituent may be ferrous metasilicate which is’associ- «, 
ated with sodium aqd calcium raetasilicates, and possibly also NaFe(Si 03 ),. J. SOllner 
regards it as a opmplex of meta-, ortho-, ^d tri -silicates. The mineral occurs in black 
pnsms or dark green plates, which/ according' to W. C. Brijgger, belong to the monoclinio 
system, and have the axiai ratios o ; 6 : c=0*65687 : 1 : 0*29781, and j9=e73° 2J'. The 
twinning plane is ( 100 ); the prisma^^c cleavage (' 110 ) is perfect, that parallel to ( 010 ) is 
imperfect. The" pleochroism is strongljj^ defined. The optical character is probably 
pi^itive. Thetsp. gr. is 3 *4~3 *h ; and the hardness 6 .^ The mineral is not readily attacked 
py acids. W. C. Brftgger described Ln amphibofio mineral, closely related to ar^edsonite^ 
occurring near*1Barkevik, I^fway, and hence called barkevikile. The prismatic crystals 
are deep velvot-bl£ck, and hdve a perfect ^prismatic cleavage. Anaiye^ v^re made by 
Pj Plantamour, C.' F. Bammelsbeig, and*G. Flmk. The comp^tion is intermediate 
between that of hornblende and that of arfvedsonite, imd it was studied by B. Gossner. 
The nyneral is strongly pleochroio^ The sp. gr. is 3*426. C, Hlawatsch described an 
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amphibolic mineral from Cevadaes whijlf he named o«anniTe— after A. Osaim. Its com- 
position is intermediate between that of arfii^^dsdnite and that of riebeckite, and it Van 
studied bjtB. ^ossner. The sp. gr. is 3*4; liardntas, ; and biuefringonce, y -a— (^ 005. 

A. Lacroix described a rhombic, bluish-green inineml whjch he called gramlidierUc aiul 
obtained irom Andrahomana, South Madagascar. The composition approximated 
2(Na,K,H)ji).7(Mg,Fe,Cfe)0.11(Al,Frj)j0a.7Si0j or, accord’iig to A. Lacroix and A. de 
Graraont, 2 Naj 0 . 4 Fe 0 . 8 (Al,Fe,D)j 03 . 6 Si 0 a. Its sp. gr 2*99 ; its birefringence i#noga- 
tive; and its indices of refraction a=l*6018, ^5^ 1*0360, and 1-6385 for Na-light. 
The miner^ was also described by C. Hlawats(^i. ^ 

A number of magnesiuin ferrous metasilicates, or magnesiuni ferrous mail' 
ganous metJsilicat^s, has beeif reported, They anj probably solid solii. For 
example, the mineral CUmminfiftonite is a magnesian amphibole which, according 
to A. des Cloizeaux,36 ia monoclinic., Jt was found by 0. Dewey at Cummingtou, 
Mass., as a grey to brown fibrous or fibrolamellar ‘mass. If contains* about 
10-30 per cent. MgO, 32*60 per cent. FeO, and 50f3l per c^nt. of silica with a little 
manganese oxide, alumina, and calcium odidJ, so that its fornmja becomes 
(Fe,Mg)Si 03 . *The mean refractive index is 1*63^'^ ; ,tlie cleavage an^', 5F’ 48'. 

The tenn arUlMlUe was applied by J. D. Dana, and by G. A. Kelmgott to certain osbcsti- 
forin amphiboles, k'#id of* manganiferouJ cummiiigtonite was found by A. giYlinaim nt 
Daniiemora, Sweden, and hence called dannemorite. It was described by J. D. Dana, and 

G. A. Kenngott, and represented by the formala (Fe,Mn,Mg)Sj 03 A variety from 
llrunsjb which contained much iron and possesSed an a^jestos-like ^■oxturo wjatf calleil by 
L. J. IgelstrOm asbeferrite. Analyses were also made by F. J. Wiikf and A. Erdmann. 

M Weibull called a similar mineral from Vester-Silfborget in Delarno, sdJhc^Uc ; and 
b. J. IgelstrOm, one from Hillangs in Delarne, hilldngsUc. 

W. E. Ford and W. M. Bradley described a mineral from Iva, iJoiith Carolina, 
which they called pyroxmatvjite. The analyses approximate to (MibFojSib^, 
ferrous mauifanese metasilicatO) with some calcium •and aluminium silicate as 
impurity. The colour ranges from amber to yellowish-brown, reddish-bro^vn, 
and dark brown. It is regarded as a manganese pyroxene -lienee the name.^ 
The crystals are triclinic. There arc cleavages jiarallel to the two jirism faces, 
and one is more distinct than the other. The angle between the cleavages is 01^ 50'. 
There is a parting plane (010). The optic axial angle 2 V - -30". The sp. gr. is 3*80, 
and the hardness 5^-6. The mean index of refraction is 1*755 ; and the optical 
character is positive. The mineral is insoluble in acids. 

A. Levy 38 desofibed crystals of a mineral from Arendal, Norway, wliich he 
called babingtoniie'— after B. G. Babington. Analyses were reported by Palache 
and F. R. Fraprie, B. K.^hhnAson, S.* Hillebrand, M. Watanabi*, A. E. Arppo 
T. Thomson, F. Zambonini, C. F*#Rammelsbcrg, u.* Forbes, M. F. Heddle, C. John, 

H. Gossner? amt H* Klcmm. The resufts correspond \fitfi a mixture of C^ldiUlXL .. 
UiangauoUS ferrous metasilicates, (Ca,tMn,Fe)Si»53, mixed with soinc ferric 
metasilicate, Fe. 2 (Si 03 ) 3 . The disdussmn —by F. Ramntelsborg, (b Doelter, 
H. S. Washin^tou and H. E. Merwin, E. Jannetaz, G*. Tschernfhk, 0. Palache and 

F. *R. Fraprie, P. Groth, A, Knop, F* Zambonifti, and S. Ilillebrand — on the nature 
of babingtonite has turned mainly on the compoiiftnt8*wl*ch make up the mineral. 
Babingtonite has not been made artificially; although M. S(Ji4apfer and P. Niggli 

‘obtained crystals which they asanmod to be babingtenite by heating in an auto- 
clave water mixed with lime, alimina, silica, and metal chlorides. ^The occurrence 
of babingtonitc in conv*erter .slags has bc«n repo^4d*by R. Groth and H. Scheerer, 

G. vom Rath, L. Buchrucker, and J.,H. L. Vogt» 

The crystals of babingtonitc are small, ^nd*as emphasized bj^W. Haidinger, 
they reseinble black augite or hornblende ; find their cdlour is dark gueenish-bU^. 

H. Dauber found that the triclinid crystals *have the axial ratios a :b:c 
-1*06906 : 1 : 0*6384, and a=104" 21i', j3-108" 30|', cr»l y-83^'. Observa- 
tions on the’crystala were made by A.fWvy, A. des Cli^izeaux, W. H. Miller, 

H. S. Washington sAd H. E. Merwin, G. vom Rath, E. 8. Inrsen, M. WataMbe, 

P. Groth and H. Scheerer, J! H. L. Vogt, and R. Klemm. The cleavage (410) is 
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per|ect, (110) is less distinct. M. ;Watanabe gave for the indices of refraction 
a=l'715, j3=l‘725, and y=l‘74i) ; % crystals are biaxial and positive. Michel- 
L<5v^ and A, Lacroix gave for the optic axial angle 27=^60"^- 65° ; and the 
birefringence y— a—0‘032. * X-radiogifems of babingtonite were reported by 
R. W. G. Wyckoff. The 8p.*gr^i8 3*35-5*37, and the hardn^Ss^b'b-G’O. The crystals 
are pTeochroic. S. HilUbrand studied the nature of the silicic acid which separates 
when babingtonite i^ decomposed by^ydrochloric acid. 0. B. Boggijd studied 
the relationship of babingtonite to schizolite ; and, according to H. S. Washington 
and H. E. Merwin, babingtonite, rhodohite, pyr(^xmangite, ai^d sobpalite form a 
group (A triclinic minerals sufficiently different from ^he pyroxenes to be regarded 
as a group by themselves. J. Palragren described a triclinic pyroxene from Sonder- 
manlai\jl, Sweden^ with th^ approximate composition (Mn,Fe,Ca,Mg)Si03. The 
sp. gr. is 3*50. < 

F. Katzeji^* found a reddish-browif amorphous ferruginous manganese silicate in the 
• iron deposits m Varos, Bosnia, and he called it pdchite—aiter F. POch. The composition 
approximates Hj jFogMnjSiaOj,. * The sp. gr. is 3 ‘696, and the hardness 3^-4. G. Flink 
described a brown pleoohroic.mineral from Langban,, Sweden, as cktropite. The composi- 
tion approximated 12(Mg,Ca,Mn,Fe)().8Si02.7Hj0. The monocliivc ciystals had the axial 
ratios a ; b^c—O'li : 1^: 0 84, and OP 5'. The sp. gr. was 2 46, the hardness 4, and the 
indices of refraction a 1 -62, v= 1 -63. • 

• ; * « 

In 1806* C. H.«h;*Li5vrc obtained from the Rio la Marina, and Cape Calamita, 
Elba, laije crystals of a mineral which was called yenite oijenite in commemoration 
of the battle of Jima, 1806 ; J. F. d’Aubuisson called it kpor—imn lepiis, im 
li^jvre (a haroj ; 11. Steffens, ilvaite— from the Latin name for Elba ; and 
A. G. Werner, iievritc, after its discoverer. The German text-books generally employ 
lievrito, the American text-books, following A. des Cloizeaux, ilvaite. The black 
mineral found by F. von K*obell near Szurrasko, Hungary, and named wehrllite-- 
afte*!* A. Wclirll — was considered by C. A. Zipser to be lievrite. It is massive and 
•granular. Both H. Fischer, and V. von Zepharovich showed that wehrlitc is a 
mixture of several minerals. 

Analyses of ilvaite were made by L. N. Vauquelin, H. y. Collet-Descotils, 

F. Stromoyer, F. von Kobell, and many others.^*^ C. F. Rammelslierg ^3 tried to 
work out a formula for ilvaite from the analysis and obtained 

G. Stadeler showed that wafer is probably an essential constif,nent ; this was con- 
firmed by L. Sipdez, and C. F. Rammelsberg then gave H2R"e^’<'2^i4Gi8- B. Groth 
gave (FoOH)Fe2Ca(Si04)2. A. -Basclueri regarded the mineral as a salt of diortho- 
silicic acid, HoSi207, which he istlated by the hydrochloric acid process ; and he 
gave the accompanying formula. A. Himmelbauer by a similar methed obtained 
metasilicic acid, and he repre^jented tlv' mineral by the accompa'iiying formula. 

Ca^.' 0 ,Fe()H • ' ^e.O.SiO.O.Ca.O.Fe ; 0 . 

FoO'''"' ’'^Fe* * Fe.O.SiO.O.Fe.OH 

A. Baschleri’s formula. A. Hlmraolbauer’s formula. 

J. E. Reynolds repie^ented his analysis, 6R0.^e203.4Si02, by the formula 

. FKn>SiO-0. ,0-*SiO<°>re 

Ca ' ^Fe-(y-Fe!( Ca< " 

Fe<Q>SiO-0,* . 0-SiO<^Fe 

* * * 

€. ^ 

P.^-Zamboninl explained the diffeience in the results by assuming different experi- 
mental condit)«\8 ; and (J. Doelter,*by assuming a difference in^the state of hydra- 
tion of the mineral owing tb the difference in.the climates where the samples were 
obtained; and G. Tschermak assumed* that ilvaite, like olivine, contains two 
different silicic acids, since with cone, hydrochloric aqjd, metasilicic acid is formed, 
and v^th dil. hydrochloric acid,^ orthosilicic acid is produced. A. Himmelbauer 
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also suggested that the mineral mi^t be an, addition compound of magnetite, 
FeO.FegOo, and a calcium ferrous silicate^ F. W. Clarke used a formula of tlio 
same typ#a8 those employed for bertrandite,*and ^alamine > , 


Fe<>!^*>Fe 


•Fe<f®‘>Fe 


correspondii^ with calcium diferrous aluininohydroxydiort^osilicate. B. Bavink 
studied the magnetic propeptie^of lievrite. W. Vernadsky studied the constitu- 
tion and chemical relations of ilvaite. The mineral has not been synthesized. 
Ilvaite has been found in iron mine{i;»it appears to have been formed by contact 
action,4* gay^ by the action of silicates on iron oxide— e.//. magitctite — whicli like 
ilvaite contains both fe|rous and ferric oxides. 'Ijlhas also been found in dolomite, 
limestone, gramte, syenite, and porphyry. • • 

Ilvaite commonly occurs in prisms witli the prispiatic faces striafSl ; anhedral*^ 


crystals occur in prismatic or irregularly shaped aggregates ; and it also occurs 
in compact or columnar masses.* The (^olour is dark ^eyish-black. The crystals 
belong to the rlhombic system, and A. des Cloizeaux^^ gives for* the axial 
ratios a:h: c=0-6650 : 1 ; 0*44268 ; J. Lorenzen gijve 0fi74367 : 1 : 0*448441) ; 
and G. Flink, 0*66195 : 1 : 0*43897. The crystals have been s/udied by Jl* J. Haiiy, 
W. H. Miller, F. Hessenberg, G, vom Rath, A. Weisbaeli, G. Flin^, and J. J^orenziui. 
The cleavages parallel to (010) and to (001) are rather distinct ; those ptrallel to 


(100), (110), and to (101) are imperfect or indistinct. 0. B. Bdggild studied the 
corrosion figures and optical characters of ilvaite. J. Ijorenzcu found for the optic 


axial angle 2E approximately 60°. The sp.gr. ranges from 3*9-4* 1, and the hard- 
ness 5-6. The index of refraction is high ; E. A. Wiilfing gave* 1*89. The mhieral 
is strongly pleochroic. It is decomposed by hydrochloric acid with the separation 
of gelatinous silica. C. Simmonds found that ilvaite is partially reduced hy 
hydrogen at a red heat. F. W. Clarke and G. Steiger studied the action of ammo- 
nium chloride vap. 


P. Hautefeuille ^6 heated a mixture of silica, ferric oxide, and potassium vana- 


date to about 960°, and after washing away the soluble salts obtained small greenish- 
yellow, transparent crystals, the composition is analogous to that of leucite— /crnc- 
kucite, KFc(Si 03 ) 5 , or potassium ferric dimetasilicate. The icositetrahcdral 


crystals exhibit lAioinalies like those of ordinary lepcite. The formation of crystals 
of ferric-leucite requires atsomewhat hi'gher teip]). than tliut of ordinary felspar. 
When a nyxture of alumina, feri4c oxide, silica, aitd potassium vafladate is heated, 
it may happeqthat only felspar is produced and no leucSte, if tlio temp, be so regu- 
lated that the potassium vanadate dot^p nbt attack1;he f(;rric oxide. * 

The term^glauconite—from yAftu/cd?— bliyfA-^reen— was'ajiplied by G. Kefer* 
st^in^^ to the green grains of earth in the green-sand f>f the chalk formation, and in 
other rocks. The grains are often^casts of the shells of rhizopods ; and they have 
been found in fragments of coral. * G. Jeiizsch a^pli^ t^ie term cJdorophanerite to 
• a similar earth found in cavities in eruptive rocks. According to J. Murray and 
A. F. Renard, glauconite is widely disseminated ufon the sea-bottom, but most 
abundantly in comparatively Shallow waters, near the mud-fine, i.e. just beyond 
the limits of wave and current action wRere the^lin^ mujdy partic^les commence to 
make up a considerable portion of 4^he deposits Analyses have been reported by 
G. H. Cook, W. B. Clark, A. J. Hoskins, L. W. Collet an'd G. W. Len, W. A. Caspari, 

A. Lacroix, H. Wurtz, K. von Ifeus^ofer, V. B^hier^ T. S. Hunt, J. Murray ^nd 
A. P. Renard, M. B. Corse and C. BaskerviUe, 4- Johnsen, J. Morozewicz, L. Cayeux, 

G. R. Mansfield, N. Sahlbom, A. F. HaUimond. J. W.* Mallet,/: N. Chirvinsky, * 
W. van der Marck,*D. H. von Dedhen^W. Fischer, H. D, Rogers, B. Hitchewk, 

A. E. Delesse, W.* 8. von Waltershausen, 8. Haughton, C. F. Rarnmelsberg, 

A. T. Kupjffer, P. Dewal^e, E. vom Barabirger, M. F. Heddle, C. W. von 
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Giimbel, E. Knorr and F* Schonfeld, A. ^ Cloizeaux, P. Schemjatscliensky, 
W, Smirnoff, G, Steiger, N. Ermola,**etc^ The composition is exceedingly variable, 
for gjanconite is invavabl}« contamiifated with extraneous matters and alteration 
products. The iron is mainly in the fejjic state, and .potassium is alwayj present ; 
some aluminium may partly replace iron, and othp bases paisbly replace.potassium. 
The material used by K, Glinka for analysis was fried from impurities by heavy 
soln., and the analyse^ Correspond with hydrated potassiam ferric dimetasilicate, 
KFe(Si 03 ) 2 .H 20 . At F. Hallimond regarded the glauconite from Lew^s, Sussex, 
as K20.4(B208.R0).luSi02.nH20, in whjph Fe 203 and AI 2 O 8 , and McO and FeO, 
are mutually replaceable. Where potash is more oi*lesft replaced* by so^, A. F. Hal- 
limond applied the term soda-ghuconite, F. W. Clarke said that the water is 
probably zeolitic, and not constitutional. According to P. Groth, glauconite may 
be a cliiorite or a aerpentiiie. J. Murray and A. F. Renard thus explam the 
origin of the glauconite aovj forn^ng on the sea-bottom. 

, The shell tti^irst filled with fine silt or mud upon which the oi^anic matter of the dead 

• animal can act. Through intervention of the sulphates contained m the sea water, the iron 
of the mud is converted into sulphide, which oxidizes later to ferric hydroxide. At the same 
time, alumina is reraoveif f roirf the s^imente by soln. tfnd coUpidal silica is liberated. The 
latter react^upon the ferric hydroxide in presence of potassium salta Sxtrrfcted from adjacent 
minerals, and so glauconite is produced. This view is sustained by other evidence, namely, 
the constant association of the glayconitd sljolls with the debris of rocks in wliich potassium- 
bearing ramarals, siwli^ns orthoclaso and muscovite, occur. 

L. CayeifS has shown thal, in sedimentary rocks, the glauconite has been formed 
subsequent to its consolidation. K. Glinka regards it as a product of the weathering 
of ferruginous augites and hornblendes. K. Andr6e, K. C. Berz, and K. Hummel 
hav^ discussed this subject. The subject has been discussed by C. W. von Giimbel, 

D. S.‘(/alderon and 5o- workers, L. W. Collet, L. F. de Pourtales, and F. W. Clarke. 
W. A* Caspar! described the synthesis of a compound resembling glauconite by the 
action of mixed soln. of potassium ferric tartrate and potassium silicate at 180°. 
It. W. Collet and G W. Lee said that it is formed by the action of alkali silicates on 
iron sulphide or sulphate. 

Glauconite is earthy or granular and massive. It sometimes resembles chlorite 
very closely, and it may be blackish-green, olive-green, yellowish-green, or greyish- 
green in colour. L. Cayeiix said that the grains are biaxial and doubly *refracting 
with the optic axial angle 21^— 30°-40°— but sometimes nearly^zero. The sp. gr. 
ranges from 2'2-2'6, and the hardness 2-3. D. D. Jackson and J.'J. Morgan found 
that the vap. press, of the alkali |s negligibly smdll bejow 1300°. When heated, 

M. W. Travers fo^ond that hydrogtn and carbon moxoxide are given off : 2Fe0-fH20 
=Fe 203 -f Ho ; and 2 Fe 0 ’-fC 02 — Fe 203 -f^’ 0 . G. Simmonds* showed 'that it is 

^completely reduced when heateM to rednfess^in a current of hydrogen. K. Glinka 
found a boiling soln.*' of potassii^ carbonate dissolves alumina, lime, and ferric 
oxide, while alkali iii taken up. Dil.*' hydrochloric acid attacks it slowly while the 
cone, acid soon decomposes it completely. Kf Glinka described the passage, by 
weathering, of glauconite intv fertuginous clay ^ and G. Klemm, the alteration of 
glauconite into ferrite > 

The so-called green-earth, 01 Grunerde is related to glauconite ; it appears to bo 
the crela viridis of Pliny and it was used as a pigment for pitting in the mediaeval 
times under the 'name terra di'Vei^ona. J. B. L. Rom4 de Plsle, A. Estner, and 
C. A. S. Hofmann, speak of la terre verte de Veron^ found in cavities in the amygdaloid 
at Monte Baldof Verona. The green .earth ‘also occurs in other localities, and 

E. F. Glocker palled a variety sehdmite, or, in French, ciladonite in allusion to the 

sea-green colour— from burning;* and hence the use of the term 

for a verdant *^ver. S«vpral amUyses have been reported; th^y average 
(Fe,K2,H2,Mg)3(ALFeUSi0s)(j.l*24H20. * It probably an dmpure glauconite. 
Thfe sp. gr. is 2*670--2 595 — A. Lacroix gave 2'907, aud G. LevF, 2*78. A. Lacroi^c 
said th%t the mineral is pleochroic, ** 
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F. Kretechmor described a green earth from Sternberg, Moravia, which he calltHl 
viridUe ; its composition approi^ated 4Fe0.2Si0*a.3H,0. He also described a mineral 
niackcnsUe^Tom the same locality whose comjfes^ion approjpmated FotOj.SiOj.2H,0, or 
ferryl mekuilicdte, (Fe0)jSi08.2H20. The hverlem of G. Forchhiunmer is a ferru^ious 
clay from Ij^risuvig, loel^d ; similarly also wit^ the keffdcilUt of F. E. L. Fischer obtained 
from Klim, Sevastopol. ^i^Cronstedt referred te the keffekil tartaronim as being used as a- 
substitute for soap. The neurolU^ ot^T. Thomson from SWiAead, Canada ; the rluxlo^ite-- 
from pobaX6sf rose-coloured— of T. Thomson, and J. E. PortSbck obtained in Antrim, 
Ireland ; and the portite of G. Meneghini and E. Bechi, occurring a^^Toscana, ap|)ear to be 
ferruginouAlays. E. Mallard described a grey Slay from Noyant, J'rance, which he naineil 
bravaisite — after A. Bravais. It consists of a mass of crystalline fibres. Its composition 
approximate8*2(Kj,Mg,Ca)0.2(^l,Fj^)jOj.9SiOjf.5Hj(). The sp. gr. is 2 0 ; tho liartlnoss 
1-2 ; double refraction, strong ; extinction parallel ; optical character negati'^o ; and 
optic axial angle 2E=^iO°. G, Starkl regards bravaisite as i-elated with the H 
of Ann-CapoUe, Austria. , » 

• • • •* 

M. F. R. d’Andrada described a brown or i^diisli-lyown in angaiiif crons garnet 
from Drammen and F 5 iringeu, Norway, whitrfi m called alMiroite—hoin oAAo?, 
other ; Colour — the variety to which this name is now applied S^apple-green. ■ 

This garnet is representative of the calcium- ferric-garnets to which J. 1 ). Dana 
applied the term andradite— after M. F. R. d’Andrada.* * 

• * * * m 

There ai*e many varieties to which different names have been given, and tne so-ehlled 

rommm rjamet, and black garnet belong to this group. The bivalent base is almost wholly 
lime in the mineral topazolite wliich has tho* colour bf topaz oyd was t|ps0ribod by 
11. Bonvoisin, and C. A. S. Hofmann. N. von Kokscharoff desmbAl a griuss-gn^^rj or 
emerald-green variety wliich was called demantoid in allusion* to its (iiainoiul-lf\|e bistro. 
It is used as a gem-stone. A coarse granular variety coloured brownish-yellow or roddish- 
hrown, and possessing a resinous lustre, was called colophonite or kolopltanilc — from KoXotjnivia, 
resin — by A. 0. Werner, M. F. R. d’Andrada, P. L. Simon, andJ. F.«L. Haustmuin. 
Colophonite from Arendal is now considered to be a variety of vesiivianite. J. A. H. LiA^as 
called it grhiot risinite. A similar variety was called Pe^J^ranat by D. L. G . Karsten. iJtuno 
so-called colophonite is vesuvianite. A black garnet of the*calcium ferric tyjH) was called 
by A. G. Werner melaniie — from p^Xas, black — although varieties of other than the fearic- 
gamets may be black. V. Iskyul studied the action of hydrochloric acid on rnelanito. 
A. G. Werner, and 0. A. S. Hofmann applied the term pyrenette to a groyish-lilack garnet • 
found in the Pyrenees. A green garnet like allochroUe was called j rib/ jtc- after A. Jellet 
- by J. Apjohn ; and a massive garnet found by H. Piddington in India and descrilied by 

I’. Blanford and H. S6chting was called calderiie. 

J’he magnesiiuii- calcium ferric garnets include the original allochroito of 
AI. F. R. d’^ndroda ; and tho similar mineral called Granat von Langban by K. Rothoff, 
and rothoffUe by J. J. Berzelius. T. Thomson’s po/yodc/p/iffe— from noXvs, many ; db€X<f>6s, 
brother — was named in allusion to its containing many bases. It came from Franklin, 
New York, and is ‘a brownish-yellow variety of andradite. B. G. Bredlwrg’s variety, 
from Sala was called by J. D. Dana,t>r6d6eryiA. R. J. Haiiy named a variety from bi liwur- 
/ouberg, Saxony, and Lana, Su)cria,/xpfomfi or iMplofh^—ivoni i-nXoos, siaiplo— in allusion 
to tho fundamental cubic form which is sirspler than the doilowhedral form common to 
the garnets. / * , , 

Numerous analyses of andra^itc have^ bilpn made,^^ and from these 
0 . F. Rammelsbcrg calculated that the best rcpresentallive formifla for these garnets 
is*(Ca,Fe)3(Al,Fe)2(Si04)3; or, in the idealized case, Ca3Fc2(Si04)3, or calcium 
diferric triorthosilicatd, or cakiun^ Jerric-yarnet.* Some* aluminium may replace 
^ the feifric-iron, and ferrous iron ; magnesium, or inangan^tlfc may 
calcium. Presumbably these are carried by MgsAlgiSiO^ls,^ Fe"3Fe'"3(^^^^4h*j> 
Mn3Al2(Si04)3, etc., present in isomorphous admixture-— vide grossular. L. Hezner 
made some observations on#this subjectf The fmafyscs ,of J . UhCg indicate tho 
presence of some vanadium, cerium, ^nd chromium which he assumed to be presi^nt 
respectively as Ca3V2{8i04)3, CaaCe^^SiOiR, and Ca8Cr2(Si04)3. ' C. Bergemann 
reported a Norwegian garnet toscontain ^66 per ceift. of yttria earths, and^e 
called it yttria^garnet. Analyses by C.TB, Benei^cKs, L. Jaezewsky, and M. Websky, 
indicaited about 2‘4) per cent. E. T. Wherry applied. the at, vpl theory of iso- 
morphism to explainithe various rei^acesitnts in the garnef family. ^ 

Andradite is coifimon in gianitic rocks, gneisses, etc. ; and as an accessoty 
mineral in subsilicate erupthre rocks, the leucif^c, and the nephelitic rocks. It 
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also occurs in serpentines, 'beds o£iron ore, and as a product of contact mef.!- 
morphism associated with wollastonit^ and pyroxCTne in certain volcanic rock, 
M. H. K]aproth,52 A.* Mitficherlich, and F. von Kobell reported andraftite to b ■ 
formed by melting vesuviailite, but C. JDoelter was unable to verify thi^,; indeed, 
andradite itself decomposes! when it is rfielted. \ des Cloiteaux’, and L Bourgeois’ 
expefimenta, also, do pot leJd support to the validity of these early reports. 
F. Fouqu6 and A. Mfchel-Levy reported that andradite is formed when nephelite 
and jpyroxene are fuse^l together, and (5. Doelter found this to bo the casS when the 
fused mass is kept below its m.p. for same time. L. Michel produej^jd andradite 
and spbene by heating a mixture of ilmenite, silica* and calcium^ sulphide to 1200°. 

The colour of andradite may be greenish-yellow, bfownish-yellow, resin-brown, 
brown, dark brown, and black. The diffeif^otly coloured varieties have different 
namea-^allochroifcls green ; melaijite, black; etc., as indicated above. Fiyim his 
observations on the actidh of oxi(^7dng and reducing gases oi^ heated garnet, W. Her- 
rmann *3 inferred, that iron, chromiunl, and manganese oxides act as tinctorial agents 
*in garnets. TIio crystallographic properties are indicated in connection with gros- 
sular. The crystals wore also examined by A. Bianchi. The sp. gr. ranges from 
3*3-4i. W. E. Ford gavc*3‘75Q. A. H. .Church* F. von KpbelJ, &. Magnus, and 
M. SeebacR found a decrease in the sp. gr. of the mineral after it had been fused. 
The hardness is GJ-7. The ^.p. ds^ difficult to determine since, as indicated 
above, decoinposition# occurs about that temp. — vide grossular. C. Doelter gave 
for the i|^p. of mdanite, 325°“950° ; and V. S. Dcleano and B. Dittler, 950°-1160°. 
For topazolite, A. Brun gave 1150°. A. Osann gave for the indices of refraction of 
deraantoid with Li-, Na-, and Tl-light respectively 1*8780, 1*8893, and 19005; 
whije H. Roschbusch gave for inelanite 1*8467, 1*8566, and 1*8659. \V. E. Ford 
gave 1*895. M. Se^jbach found a decrease in the index of refraction after melanite 
had teen fused. G. A. Kertngott found that powdered and moistened allochroite 
reaerts alkaline to litmus. Both F. von Kobell, and G. Magnus found that 
garnets which are not attacked by hydrochloric acid, arc decomposed with the 
separation of gelatinous silica after the mineral has been fused— pyrope and, 
according to P. Jannasch, other garnets are more or less exceptional. M. Scebach 
found great differences in the action of hydrochloric acid since demantoid gives up 
0*94 per cent, to that acid, while andradite from Dognccea is almost wholly soluble. 

I) 

A. Meistor found what appeared to bo hexagoiial tabular crystals in the limestone in 
contact with the nepholiue-syenite of soutlieni Yenisei district, near the Angara River, 
Siberia, and he called the mineral, angarahlc.^ 'J’he black colour is die to carbonaceous 
impurities ; the colour is bronze nfter heating. The cpmpositioii corresponds with 
2(Ca,Mg)0 5 (Al,h^)j 03 .t)Si 02 , or idealized, Mg 2 Al 5 (A/ 0 ) 6 {Si 04 )e. The uniaxial crystals 
have the sp. gr. 2 019 ; the birefringence is bdow that of quartz ; tl^p ojAical^iharacter is 
positive. ^ 

' F. Tacconi reporp?d a brownish-red mineral in the limestone of Candoglia, Tocetal, 
which he called taramcllite. The cipihnosition approximates barium ferrous ferryl trlferric 
deoametasilloate, Ba5Fe"{FeO)F0"'j(SiI)3),o. The sp. gr. is 3 293, the hardness 6J, the 
optic axial angle 2^=16° 40 ' ; the inderf of refraction is over 1 '74 ; and the double refrac- 
tion is small. Tlie mineral is not decomposed by the ordinary mineral acids. 
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S 58.'tk)baU and Niob^ Silicatu 

A, Breithaupt^ Applied the te/m cymrite to a green mineral from a>inino at Rq<ttis, 
Voigtland. The name is derived from k6vvo^os, an evergreen t;ee, and should be 
connarite ; ^not cOnarite, from Kovapoii well fed ; mx^conmriUk, from Kouapoj, a 
strawberry plant — us suggested by A. dJB\>loizeaux. Analyses by C. Winkler ccyre- 
spondod with 2Ni0’3Si02.2H|0, or HgNiaSisOs.HoO, nickel hydrotrimetasiUcate; 
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F. W. Clarke considers it to be nickel letrahydro-triorthosilicate, H4Ni2Si80io. The 
mineral was at first regarded as a pjiosphate— it coijtains nearly 2 per cent. 
According to E. Bertrand, the 9ptic%l character is negative ; and the crystals arc 
prob&bly hexagonal* *The sp. gr. ranges from 2 ‘ 459 “ 2 ' 619 , dnd the hardness it, 
nearly 3 . C. Simmoiids found the nickM is reduced Uy heating the min^y to red- 
ness in a stream of hydrogt^i, ^ A. Breithaupt’s from Rdttis, Voigtland, is 

consiuered to be the eCi form of connarite. R. Schwarz and G. A. Mathis made 
nickel and cobalt metasilicates, NiSip8.H20, and CoSi03.2H20, by /creating a 
Boln, of water-glass wkh a salt of the metal M. Riiger found that a mixture of 
cobalt oxide and silica in the molar propoAions 1 : J furnishes a v,iolet mass at 900 ^ ; 
the colotiring agent can be washed out by dil acids, and it is cobalt metasilicate, 
CoSiOs ; ruby-red cobalt orthosilicate, Co2Si04, was pjwduced by heating a mixture 
of the C()nstituent§ in theoretical proportions* ff)r 6 hrs. at 100 ®, cooling quickly and 
dissolving free silica from the powdered product with pqtash-lye, and free'^cobalt 
oxide with hydrochloric aetd. ^ ^ger could not mak’euickel orthosilicatc or 
jpietasilicate^ii^ the same process. L. Bourgeois claimed to have made both cobalt 
* and nickel orthosilicates by heading the oxide or chloride and an excess of ambrphous 
silica at a high temp, for S(;veral hours. Cobalt arthosilicate is said to be a violet 
powder consisting of deej) violet, non-dicl?roic crystals Resembling peridoite. The 
sp. gr. is 4 'G 3 . It gelatinizes with acids. Nickel orthosilicate is said to be similar, 
but the cplour is gre«fnish-yf*llow, an’d ihe sp. gr. d’Bf). Polysilicates could not be 
made. R. ^chwafz'and G. A. Mathias made nickel and cobalt amminometa- 
silicates„^iSi03.NH3.H20, and CoSiO3.NH3.H2O, by the action of ammonia on 
the mctasilicatcs. R. Schwarz and H. Bausch prepared a reddish-violet non- 
crystalline powder of cobaltic chlorotriamminotetrerosiJicate, [Co(NH3)3Cl(Si40o)], 
by khe action of a soln.of sodium metasilicate on cobaltic chlorop^mtamminochloride. 
WliitfjJioated to 12 t)®, it yields blue cobaltic tetrerosilicate, ('oSi409; it does not 
react with water or cold dil! hydrochloric acid, but tlie liot acid decomposes ir, as 
doe.? also a solo, of sodium hydroxide. A soln. of cobaltic hexamminochloridc 
reacts with oik' of sodium metasilicato, foriniiig cobaltic cblorotetraminotetrcro- 
silicate, |Co(NH3)j{Si409)J(!l, which is freed from water at 105 ®. WIk'd h(‘ated, 
it yields cobaltic tetrerosilicate. They also obtained what they regarded as cobaltic 
tetraraminotriterosilicatometasilicate, [C()(NH;i)4(Si307)]2Si()3, by the action 
of a larger proportion of sodium metasilicate on cobaltic iK'xamminocliloridi'. 
By treating cobaltic hexamminotrihydroxide, [Co(NH3)(5](0|{)3, with dioxodi- 
ailoxane, H2Si203, they obtaimnl cobaltic tetramminotetreros^catohydroxide, 
[(k)(Nll3)4(Si40i,)]0H. For tin* vdloidal oohalt silicates, vide water-glass. 

In the 80-calJed nickehiymnilf^ of F. A. Gently W. 'Keller and H. Tiedemann, 

G. A. Kenngott, and WaJ^ T aylor, the magnesium of deweylite^is in part replaced 
by nickel It occurs as a gr(?eii amorplious incrustation or stalactitic mass of 

’hardness 3 - 4 , and sp^-gr. 2 ’ 409 . It has beert* reported at Webster, North Carolina ; 
Texas, Pa. ; Miclij^icotcn, ,Lake cSujierior ; Saasthal, Valais. Analyses by 
F. A. Genth, T. S. Hunt, J. A. Bacl>jnann, P. H. Walker, and F. P. Dunningtoa 
correspond approximateljj with ^Ni0.2Mg0.3^i02.6H20, or magnesium nickel 
tetrahydrotriorthosilicate* HjNi2Mg2(Si04)3. F. W. Clarke considers the mineral 
to be nickel magnesium orthotrisilicate, Mg2NioSi30io GH20. J. D. Dana balled * 
it genthUe after F. A.»-Genth. 

A nickeliforous mineral fropi*New Calqdonia was described and in some cases 
analyzed by J. Gamier, A* Liversiefce, E. Bertrand, G. vom Rath, P. C. W. Typke, 

A. des Cloizeaux, C. A. Mtinster, <E. Glasser,^ V. Thiollike, T. S.^ Hunt, F. Zam- 
bonini, R. HelmSacker, J. H. L. Vogt, 7 V. L.^Austin, etc. A similar mineral was 
obtained by M. Meissonnier, fron» Malaga, Spain^ ; and W. Hood, F. W. Clarke, 

H. J. Biddle, etc.^ have likewise deserfoed samples from Oregon, and North Carolina. 
The composition is variable, but it is idealized ipto magnesium nickel metasilicate, 
(MK,Ni)Si08.nH20', or magnesium nickel difigdro-orthosUkaley H^(Ni,Mg)Si04.wH20. 

P. Kraft discussed the formation of nickel magnesium silicate gels by the weathering 
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of magnesian rocks in the presence of nickelifergus rocks. M. Riiger, by the method 
indicated above, found that zmc cobalt or^jiosilicate, CoZnSi 04 , could be obtained. 

If stmnidhxide be a^Jded to the mixtures beforl calcfnation the products are miy^t-ures 
of cobalt jpeta - or ortho-silicate with stanniy oxide. Varieties of smalt were obtained 
by fusing mixtures of tobalt oxjde, silica,* and stannpus oxide, barium oxide, or 
alkali oxides. • * ^ • 

A. Liversidge attempted to distinguish a dark green ‘unctuous variety which 
he called noumeite, or nuw?ci7e,*after Noumea, N(?w Caledonia ; and a 
pale green variety w'hich adheres to thp tongue and whicn ho called garnilcrUe. 
The term garnierit^ws^s empkyCfl by J. D. Dana. The sp. gr. ranges from 2^20 -2'87 , 
and the hardness is 3-4. F. Zambonini found that under a pressure of 6 mm., 
and over 90 per cent, sulphuric acicl,*the losses after the Ijit, 51 h, and 32nd hour 
were respectively 4*57, 6*98, and 7*61 per cent. The }fartially*dehydrat(‘d*miiuTal 
reabsorbs water to witjjia 4 per cent, of its origiiml value.* When lieated, water is 
lost : * * ^ . 

• eGMO® 108‘’-110“ 146'^ 238° 201" 307° W^-425° 480 * ^ 

LoA . . 6-98 7*24 7*79 * 9*08 9‘85 10 00 ll'OS 

The grey colour of the mineral appears ,de(;})cr at 140 * at iOH llie colour is dirty 
green, and at 480^ dark grey. A. de (Iramont studied the spectrum. (ifSimmonilB 
foiiinl that the nickel is reduce-d by heating*the ipiiMTal to^n'dness m a streain 
of hydrogen. F. Cornu suggested 1 In^ (•olloi(ral origin of garnio/>te, aiul K Zambonini 
found that the contained water may be replaced by alcohol ana other sp^bslances. 
E. Dittler observed that garuierite adsorbs aniline dyes. 

In 1788, M. H. Klaproth referred to a green niokeliferoua magnesiijm silieato cnllml 
chryHophrasG earth, which was later called pimeUte by IJ. L. 0. Karstcn-^froin viiuA-q, 
fatnoiss. It was also analyzed or described by C. F. liammelsborgj^W. iiaor, IL 
A. Breithaupt, and E. BeVtrand. C. Schmidt deacribed o pinielite which K. 1'' tTTocki*!’ 
found to be different, and lie called it ahpitc — from nXiirr)^, not greasy. B. Hermimn^alHo 
described a nickeliferoiia magnesium silicate from Uofdansk, Urals, and lienco ho callea 
it rejilanskite. It was analyzed by N. Besborodko. (i A. Kofsiig oblamed a h\«lrute(i 
:inc nickel siliaUc from Franklin, Now Jersey, lie called it HaidcHiU - aftca- .V. B. de .Sanies 
It contained 38 22 per cent. NiO ; 31 02 per cent , SiO. ; 4 per cent., ZnO ; 9 44 p(‘r cent 
of water lo.st at 109 ^ and 7 14 per cent, lost between 100® and 000". 
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§'54. Silicon Euorides 

Normal silicon tbtBOnonde, or ^Muorosilm, S1F4, was dmdvercd hv 
C. W. Scbeele,^ in 1771, during his experiments on the action of sulphuric aoid 
on Suor^par. He found that the volatile acid is t6taPy differeift from every other 
in dissolving silica from glass, etc., and carrying it offjn the form of vap. " U ix.u 
the attempt was made to collect the gas 4 ^Yer water hi the pneumatic trough, 
pure silhsa was deposited as *t,he gas came in contact with the water. F. C. Achard, 
A. G. Monnet, and M. Bouhngm^ rdised objections to thic work ( 2 . 17, 2), hut, in 
1780, C. W. Scheele completely ekaMished the validity of his former observations. 
,ff. C. Wieglc^J. a F. Meyer, F. Biwhoh, and G. Wenzel also showed ^hat tin- 
siliea in the gas was (leriv(‘(l from tin* glass retort, and tliat the gas is obtained 1)A' 
heating a mixture of'silieU sand, Huorayar, aufl sul}|huric acid. Further, tlie 
quantity o^siliea given up by the gas in contact with water isVqiial to the quantfity 
lost by the siliea in* the nitort. Jh 1775,.!. Priestley repeated W. Scheele's 
experimefit^ and eojlycted tin* gas in a dry vesacd over mercury. He also made 
obaervati(^na on tfie. chemical jnoperties of this gas. The nature of the gas was 
efitablishld by the work of J. L. Hay Lu.ssac and L. J. Thenard, J. Davy, and 
J. J. Berzelius. 

• While the nature of silicon tetrafhioride was b(‘ing estab]ished„the nmiarkable 
effeCt obtained by jiassing the gas into wat(T was noted. J. Priestley, for example, 
aaiJ^iiat tiie water containscan acid, and added : 

rty a repetition of the {)roeefts, the acid liquor may bo procured of u very considerable 
{legreo of strength. Thom seems, however, to bo a limit to its strength ; for the acid is 
exceedingly volatile, as is evident from its pungent smell ; so that 1 thought that 1 gained 
nothing by repc'atuig tlie process more than eight or ten times ; because it was impossible 
to tran.sfer the water from one vessel to anotlior, but more aci(l would be lost by evapora- 
tion than would bo acquired by another impregnation witli tlio acid air. 

The acid is tlu‘ so-called hydrofluosilicic acid, H.^SiF^, and the salts fluosili- 
Cates, silicojluorides, or silicifimridcs. The natqre of the aeiiDA^as made clear by 
J. J.., Berzelius. The salts were ])nrticularly inv<*stigaied by* (b W. Selicele, 
J. J. Berzelius, and F. Stolba, and their Tsomorphous Relationship witli the fluo- 
titanates, tluozirtonates, and fluCstaimates estahliHied by J. C. G. de Marignac. 

. In addition to silicon %etrafluonde, R St. 0. Devillo,^ a^.id rL. TYoost and 
tP. Hautefcuille reported the ffjrn.ation "of- a lower fluoride, silicon subflooride, 
when the gaseous tetf'afluoride is pissed over silicon heated to the softening point 
of glass and then ^iddenly Cooled/' He also obtained, at the begfhning of the 
reaction between silicon tetrafluoride hnd aluminium, a small quantity of a volatife 
fluid wliich wetted glass* with difficulty, , and -was thought to be a subfluoride. 
L. Troost and P. Hci^tefeuille, by sparking sificon tetrafluoride between tiilicon 
electrodes, obtained tfic subflueride accompanied by. a white sublimate of what they 
regarded as a subflue ride. The need for abrupt cooKng is due to the decomposition 
which occurs at aMull red-heat. ' Tl^j* white’powder is decomposed with the evolution 
of hydrogen when treatuji with a^. ammonia, ,pr p'btash-lye ; water at O'’ trans- 
forms it into hydroxide ; it reduces permanganate and chromate soln., but does 
not reduce auyc chloride or ^jelenious a(ftd. A. Jj^querod and M. Tourpaian found 
thaJ when silicon tetrafluoride is fassed over*^ glass-wool at a red heat, the weight 
of the normal lifje increai^evs from 4‘69^4’82() grms., and they explain this by 
assuming that a subfluoride is formed.' iThe ‘‘evidence for the existence of the 
sub'fluoride is not unimpeachable ; and it-s composithn is unknV>wn. 

The, preparation of silicon ie^noride.~Carbon(^ tetrafluoride can be made 
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ly the direct union of the elements, and H. Mqissan * obtained silicon tetrafluoride 
py the action of fluorine on ci^Btalline or f^ofphous silicon, or on silica contained 
Ui a fluoftpar t\xh% E. Vigouroux said^th^t th^ reaction# b^etween fluorine, and 
silicon is Attended by incandi^scence. G. Newth also obtained the gas by tlie 
action of «y hydrogen fluoride oji crystalhne silicon. Moissan and F. Siemens 
found that the gas is formed*when the soluble mc€ification of silicon is digested 
in hydrofluoric acid. The gas is also formed when hydromnfric acid acts on silica 
or a silica^ ; thus, the anhydrous acid beci^nes heated when tn contact with glass. 
ai*d boils up with the evolution of silic^m tetrafluoride. f he process of etdiing 
glass with nydroffuoric acid depends oii the formation of silicon tetrjfluoride 
when the dil. acid or the vap. is allowed to act on glass. C. (lore made the gas 
by heating potassium hydrofluoride, with an excess of silica and sulphuric acid : 
2fs:HF^-f-Si02+2H2S04=2KHS04+2H.>0d SiF^. * ‘ . 

The early workers-^^de supra - obtained ^ili^)n tutriiHuoride from a mixture 
of fluorspar, p^owdered glass or sand, and su/^hifrie acid. This is also a common 
way of j)reparmg the gas. The mixture is heated y\ a dry glass flasIflittiHl with , 
safety-funnel containing mercury. Water must be carefully excluded sinci' 
otherwise the gas is dec(\m])osdll ; c»)usequently, an'i'xce^s of sul])huric acid is 
(Mif^loyed to absorb the water formed during the reaetioii : (Wo 1 H.^S04 
-2lIF-f CaS04 ; and 4HFd-Si02~2H20 fSiF4^ ^riiis proeess was recom- 
mended by J. J. Berzelius, W. Hempel, etc. According to J. Bcryl^us, if 1 lie- 
glass which comes in contact with the sdicon tetrafluoride fiasfthe slightest trace 
of adsorbed moisture, it becomes clouded by an opaijlie dejiosit of silil'a which 
adheres tenaciously to the glass. The gas can be collecti'd overmiercury. 

A thorouglily dried mixture of 4 parts of lluorspar aiui 2 2 parts of iJaiui or powdered 
glass is put in a dried flask, and 5 parts of sulphurie acid are added. 'I'lio whole ii^ell 
mixed by shaking the flask, which should not bo nion^ thaa lialf lillAl. Heat is grfiraally 
applied, and the gaseous product collectod over inorcury. If passoil into wati'r as in the 
preparation,of hydrofluosilicic acid, if tlio delivery tulje is narrow, it soon Un'ornes choketl 
witli silica. There are several methods of overcoming this difliculty. h. J. 'I’lu^mar^ 
made the end of the delivery tube dip utulor mercury. (jHn\ of course, i.s necessary to 
prevent water getting in the tube above the mercury. J. if. lierzelius, A. Maus, and 
L Gmelin devised methods of passing the gas into water without choking the delivery 
tube ; but none is so good os the mercury process. 

H. Moissifn recommended purifying the gas by jiassing it through a tube containing 
pieces of glass or Jlass-wool, and Jieatcd to »‘ediicss. By cooling the gas to —(Kf 
the hydrogen flubridc is condensed ; and that impurity can be removed by jiassing 
the contaminated gas thv)ug}f a tower paekiil with sodium fjuoride. The gas 
can be condensed by cooling iiF liquid air. ana purified by fractfional distillation. 
As indicated, dbote, A. Jaquerod ami M. Tourpaiafl said that the treatmtnt 
recommended by H. Moissan decoinj^psA somd of the gas. C. Truchot prepared# 
the gas of a high degree of purity by strojgly, heating barium fluosilicate— 30- 
JO grms, of tne salt gave between two and three litifjs of gas. * 

L. Troost and P. Hautefeiiille* obtained Silicon tetrafluoride by passing boron 
triflu»ride rapidly through a potjbelaia tube a1) a red* heat ; H. Moissan found 
• arsemc trifluoride likewise reacts with glass at a dull re(l-keat ; and A. Himon 
obtained the gas by the actioi>of carbon tetrafluorillc or phosphorus trifluoridc on 
silica, or a silicide of y:on and Inanganese. H. St. C. Deville noted that a little gas 
is fonned when steam is passi^ over a iflixture pf fltiorspar and sand at a red heat ; 
and C. M. Tessie du Motay, by boating a miat-ure of flwrspar, sibca or clay, and 
carbon.^. In the latter case, the ‘gas in accompanied by carbon monoxide. 
S. S. Svendsen represented tlie reaction between 'calcium fluoryle and silica : 
2CaF24-3Si02=SiF4-|-2CaSi03 ; and 2€aF<|+6i02-SiF4-f-2Ca0. If water vap. 
be presenti, the teaction may furnish hydrogen fluotide : 3^aF2-j-Si02-f 3H2G* 
^GHF+CaSiOa-fiCaO, or hydfoflu^licic acid, 3CaF2TBt02 f-Hi^O-H^iFe 
■pSCaO, according* to the pro|)ortion of water used. H. Moissan noted that siacon 
tetrachloride is not attacked by fluorine in the,cold, yet at the fluorine bums 
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with a pale flame, forming, silicon tetrafluoride ; and arsenic triiuond 
the cold with silicon tetracbloride} foi^g silicon etetiaSuoride and 
cMopde, 0. Buff aB(] LfAIbSrt liiewjse found that antimony triiuoM^^rm^ 
with silico-cbloroform, SHfCl^, forming silicon tefraSuoride; and K Borm 
prepared silicon tetraSuoride horn a mixture of lead iuoifde, calcium gmcatv^aud 
alkalinitrate. * • ^ 

The physical propAiies of silicon tetraSnonde—This compound at ordinary 
temp, is a colourless,* pungent, fuming^as. J. Dalton gave for the dei^ty of the 
gas/4'17; J. Davy, 5 '5736 ; J. B. A. Dumas, 3*60; and C. Truchot, 3*6 n 
the theoretical value, air unity, is 3‘61§. A. Germanit and^H. S. Booth 
found AG840 grms. for the weight of h normal at O'" and 760 mm. ; and 
A. Jaquerod and M. Tourpaian 4*693 grmSf-^vule supror— they estimate the coell. 
of comfiressibility to b*e 0*000069, and the coeifficient of expansion under constant 
press, between 0° and IB'IJ^ toVbe*a=0*003754 ; and between 0° and 30°| and a 
constant pess. of 726 mm., a— #*006752. M. Faraday safd that at --105‘5° the 
^ ^as liquetiedHttnder a press, of about 9 atm. to form a clear, transparent, colourless, 
mobile liquid ; but it did not sobdify at any temp, to which it could be subjected , 
he added that if the gas confined in a sealed tub(? be cooled to O'" by a little ice, a 
liquid appiars, but by cooling with a mixture of ice and salt there is a greater 
condensation of thfi gas~the press, approx'imating 30 atm. According to 
H. Moissan^ at —97* and under atm.* press., silicon tetrafluoride forms a white 
amorphous solid, 4v. tllschcwsky said —102'', and that by raising the temp, the 
sobd vafJirizes without passing into the liquid state. II. hloissan found that 
under a press, of *2 atm., the melting point was -77''; the resulting colourless 
mobile liquid hrfid a boiling point of —65° under a press, of 1810 mm. 0. Rufl 
and^K. AlbeH gave —90° for the sublimation temperature at 759 mm. })ress. 
H.1lk.issan gave — !i*5° for the critical temperature, and 50 atm. for the critical 
preapure. A. Guntz, H. Ilammerl, and M. Berthclot found that the heat of 
formation from crystalline sibcofi and gaseous fluorine is 239*8 Cals. ; and E. Baur 
Calculated 219*6 Cals. F. Fischer and K. Thiele found that the heat of soln. of 
silica is greater than that of boric acid in hydrofluoric acid. \V. llerz gave 
2*89 for the chemical constant. B. II. Wilsdon studied the energy involved in 
the motion of the electrons during the dissociation of sdicon tetrafluoride. 

According to A. Dufour, J. Chautard, E. Demaryay, etc., the spectnmi of the 
electrical discharge in a tube containing the gas is banded, Porlezza studied 
the regularities in the band spectrum of silicon tetrafluoride. The Zeeman effect 
has been studied by H. M. Reese, etc. J.l-hautartl shewed that new lines appear 
when the discharge tube is placed m a magnetic hVdd, and A. Cotton showed that 
thp lines persist after the magnetic field i^ withdrawn ; honce^ thfty arfe probably 
,,due to chemical action since th^*glr.ss is aivtacked. The magnetic spectrum consists 
of difluse rays acconfpanied at th(A,red end by a background of varying intensity, 
the latter being often resolveddnto niore or less widely-spaced channeis. The lines 
may be separated into three principal groups,., of which the frequencies in each 
group obey Deslandres’ formula G)^, tide 4 . 25, 3. In the first two 

groups, the Zeeman (.effect is abnormal, and in the third group normal. Hr Buff ^ 
and A. W. Hofmann electricaPy heated an iron or platinum wire in an atm. of 
sibcon tetrafluoride,. but the amount of gas decomposed was scarcely perceptible ; 
on the other ha'ud, W. R. Hcdgkiiison and F. X. Lowndes similarly heated a 
platinum wire to its m.p. and obtained crystals sibcon at the bottom of the 
containing vesseL M. Berthelot, ahd H. Moissan found that the electrical discharge 
did not decompose the gas ufter an h6ur s actiqu, but J, M. Seguin found that 
witH the spectroscope the electrid discharge ‘ furnishes a blue fluorine hne—vide 
f supra, L. Troosf and P. H^utefeuilie found that sparks from --an induction coil 
between carbon electrodes decomposed gas, while the silicon deposit which 
collBcted was thought to be a subfluoride — vide supra. If the tetrafluoride vap. 
be passiid over heated sibcon, a ring of crystalline silicon is formed in the part 
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{ the porcelain tube just below a red heat ; ,and similarly with the voltaic arc 

between sibcon electrodes in an atm. of silicon ^uoride, the flame has a violet glow 
Jid a bfllliant envelope containing finily ^ividfed silicou, ^ which is gradyally 
deposited ^n the inner surfsyce of the vc|sel. When the distance between the 
^ oles is as Jarge as pcsiible, the light shows a most brilliant violet cohnv—mde 
lexachlorodisilane. W. J. Pc^e ‘gave 11*51 for th# retacjion equivalent d the 
JiFfi-radicle. , ‘ • r -r 

The cBemical properties of silicon tetfafluoride.— The c^)mposition of silicon 
tetrafluoride can be represented graphicjally on the assiintptions that silicon is 
uuadrivalentT and •fluorine iHii\%lent h\-.Si--F 2 , or, if fluorine be terva^jmt, the 
compositions of silicon ^etrafluoride and bf liydrofluosilicic acid, HoSiFe. be 
represented by the formuhe : , . ^ , 


Silicon tetrafluorlde. 


• / /F rh \ 

A' *' 

liyirofluoslliclc acid. 


J. Davy said that the gas^rcddcfts litnuis even wlien carefuHy dried. Most o( the 

metalloids are wilhoift action on silicon tetnilhioride, b>it wlicn heattid with the 
metals, the gas -is decomposed. J. Davy did not ct'lect ift.y sign of chemical 
change when a mixture of silicon tefrallmfiide ami hydrogeij is exposed to sun- 
liidit ; but J. M. Scguiii found that there, is a reaction if the n«.xtiirc he sparkecl. 
if Moissau observed no reaction by sparking a niixtiinf of equal vols. M OVim 
and silicon tctrafluoride. The gas is not conihustiblc. and it does not support he 
combustion of a taper or burning wood. The ga.s forms a whjtc^ cloud wlnji 
exposed to ordinary moist air ; and the crystalline product, when washciHra 
from acid with warm water, and dried at 130 , has, ijcTording ‘ 

the composition HSi„ 04 F ; t.e. llF.2SiO„ „r hydrofluom^UlCiC 

HO.SiO.O^SiO.F. When this product is heated by the gas-blowpipe it losis 

silicon tetrafluoridc, water, and an acid gas. Ihe resu uc 

associated with 3 06 per ceut. of fluorine and ’’f 

mfm the alkali oxyfluosilicates. On the assn.ni.Uon that the 

silicic acid contains some free silica, H. Scliiff and E. Eeeln represent the rea t mm 

81ISi.,04F.bSi0,=2H,0+2HF-i-SiF44 2HSis0.eF. The hydrofluon esod sd «o 

acid volatilizes conwlctely when hpted with ammonnmjiimride. J. J. “ 

discussed the possibility of the exislnce of fHF.SiO,. Water 

poses a large U'>t'tv of whh the ftro-luelioiTof hjulro nos hcic am b Jl 

ind hydrated silica: 3 §iF 4 -i. 2 H, 0 .. Sit), ! SH.SiFe- '• 

K. Danil'disc'W the reaction fromMie immt of 

In 24 hr.s.,saia J. J. Berzelius, 100 parti^of water^bsorb 

the absorption at first is rapid, but as the liquid heco»‘e 8 ttimkencd by the pre 
cipitated siUc'a, the absorption is much slowed Accrding to »' • ““y ® j “ 

vjLr absorbs 265 vols. of gaseoua silicon tetralluondc. ll.e 1 ! 

acid, aaid J. J. Berzelius, is somewhat, soluble tn i^tv, t ^*7 ,1 

fourth, not one-third, of the silicon of the gas appears m J j] 

precipitate is thoroughly washed, it is quite free from ... ^ 

there is a marked difference in«the products of the reaction ^ 

fluoride with an excess’of wafer and witlsa limited supply of 
to A. Daubree, watcr-vap. at i reel, heat d'-^Xses “ihqon 
crystalline silica. According to A. fJuntz, 2 H 2 O ly 1 4 ^ 1 2 + the 

and this reaction can occur onljt when tlft tenqi. is higi eno ff ^ . P 
secondary formation of hydrofluosilcic.acKj '^hich (cve op Hautefeuille i 

compensate for this absorption. According to t<. . » ' „ 

steam above 150“ ds not decompbseil. hy silicon teDafluoride & Baur^w 
shown that the cflndition oh esjuibbtium of the gas jlbwe corrjy 
Gr<IcC=163xl0’^t 104“, and 5-4x10’ at 270'. Jhe equdibnu«i point 
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of the reaction favours tire decomposition of the silicon tetrafluoride with rise of 
temp. Hence the formation of sflicop tetrafluoride and water from silicic and 
hydrofluoric acid ii^ acconfpanfed bf an evolution of heat, and from tfle equation 
d(log K)ldT^qlRT^, the heat evolution js calculated to be Si02-h4HF=8iF4'+-2H20 
— 8*945 Cals., which is abopt one-third the valuj 25*8 caliuhted from ‘the thermo^ 
chemical data. ^ • • 

Cone. aq. hydrofluoric acid was found by F. Kessler to absorb silicon tetra* 
fluoride to form Ifydrofluosilicic acfd; but hydrogen fluoride, ac^Jording to 
C. Truchot, docs no^ .unite with silicop tetrafluoride at temp, do^n to --30°. 
J. Davy found that iodine can be sublimed in the ^as without chemical change. 
J. Davy did not observe any reaction by heating ^phur in an atm. of silicon 
tetrafluoride ; and H, Schiff and E. Bechi fogind that when the gas is heated with 
hydrogen sulphide*thcre is' no qhemical change. , 

J. Davy did not ebs«rve\ny decomposition of silp^on tetrafluoride whcMi 
carbon is heated in the gas. A^coffling to W. Knop, absolute alcphol, or alcohol 
•with 8 per coBt. of water readily absorbs silicon tetrafluoride without the separation 
of silicic acid, and a strongly acid fluid of sp, gr. I 044 is formed. When exposed 
to air, the liquid cafled By W. Knop Ifieseljluoralcohol, gives^ off silicon tetra- 
fluorido, iind when distilled, the same gas is given of! and some silicic acid ^irst 
separates, and afterwards a silieifoKuis alcohol distils over. W. Kno]) also found 
ethylortflogilicate a/ql* hydroffuosilicic* acid among the })roduct8 of the action of 
silicon t^trafluoriBo on alcohol. When the Kieselfluoralcohol is mixed with a 
little wjfter it gelatinizes, ‘but with much water it forms a clear soln. Aq. ammonia 
precipitates silicic acid, and on addition of aq. alcohol jnoduces a compound of the 
fomposition infra. Many organic compounds, e.g, aniline, 

0 - ^nd p-toluidine, dimethylarnine, dimethylaniline, p~chloraniline, quinoline, 
acStelae, etc.-— unifc with sPicon tetrafluoride, forming additive products. 

f\ccording to J. Davy, dry amxuoilia reacts with dry silicon tetrafluoride 
forming white silkon dianminolclrajluoride, SiF 4 . 2 NH 3 — 'yw/e infra. ''A. Hileman 
^'showed that when the gas is passed into aq. ammonia, ammonium fluoride and 
silicic acid are formed. Silicon fluoride was found by J. J. Berzelius to unite with 
nitric oidde, nitrogen trioxide, tetroxide, and pentoxide. F. Kuhlmann showed 
that nitric acid absorbs silicon tetrafluoride copiously, forming a fuming bquid 
from which water or alkalies precipitate silicic acid. J. Davy said that the gas 
is not decomposed by heated phosphorus. A, Besson found Vhat at —22° under 
a press, of 50 atm. two vols. of phosphine unite with 3 voLs. of silicon tetrafluoride, 
forming white crystals of silicoi^ plmpfiinotelrajluoru^e, 3SiF4.2PH3. J. Davy 
found that the gas is absorbed fly antimonic OXide. 

According to J. L. 'Gfly Lussac and 'L. J. Thenard, and’ J. Berzelius, at 
ordinary temp., potassium hafi' a “slight 'ac|ion on silicon tetrafluoride ; when the 
metal is heated in the gas it becomes white ; then darkens, becoming black ; then 
it takes fire, burning; with a dkrk rei flame, absorbing a quantity of the gas eqg^l 
in vol. to that of the hydrogen which'* would bcavolved had the metal been treated 
by water. The resulting •hapd poVous masr whii^h remains is a mixture of potassium 
fluoride, potassium *il^uo8ilicato, and silicon. The behaviour of sodium is sonilar. 
J. Davy observed that the gas was not changed by molten zinc. H. St. C. Devifle 
passed silicon tetrafftuoride over heated ftl nmmitfm and obtained a mixture of 
aluminium fluoride and silicoil.^ A. F. Ol Germa'qn ftnd H. S. Booth found that 
the gas had no action on mercury.^ J. J. Berzelius said that when the gas is passed 
through a layer of white-hot iron turnings,- very little is absorbed, for the iron 
becomes covered with a thifl layer of silicon and i*x)n fluoride ; E. Fremy said that 
when the gas is heated in the prosepce cf iron or platinum, the metals are trans- 
formed into silicqles, and Moissan said that at a red heat the? gas is, decomposed 
with the liberation of some free fluorine.' 

According to J. Davy,aq. soln. of the bases alt like water, precipitating one- 
third of the silica and forming a 4uosilicate of the metil, or they simply precipitate 
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the silica and form a fluoride of the metal. Many of the alkalies, alkaline earths, 
and anhyckous metallic oxide# absorb silicon ffuorides with the evolution of heat, 
sometimes with incandescence, forming a mixture of thfe metal fluoride and silica. 
According |/0 C. Truchot, when the' gas treated with lithium, hydroxide the 
alkali fluoride is formed ^isimilar r|3ults wer6 obtained \^y J . Davy, and C. Truchot 
with sodium hydroxide : SiF4*|-4mOH=Si02“h2H2*0+4NaF, but with potaiuum 
hydroxide, the fluosilicate was formed: 3SiF4-|-4KOH=Si02H-2H2O+2K2SiB’5. 
According to J. Davy, calcium oxide becoiSes red hot when^ifnmersed in the gas, 
and the re^tion is probably eq. to ?|CaO-f SiF4 ~2CaF2+Si02. If calcium 
hydroxide be present, heat is»ne 5 essary to^tart the reaction. J. D^vy al%> found 
that barium oxide absorbs tlje gas, and the product gives ofl the gas wlien treated 
with sulphuric acid ; according to J. A. Dumas, if the btgryta be heated in the 
gas, th^mass becomes incandescent, and the reaction approximAtfs to SiF4M 4 BaO 
--2BaF24-Ba2Si04. ^ i)avy found that silicmi tcirafluoride combines with 

magnesium oi^e witliout ignition, and the ^as^is also absorbed bj^^jjianganese, 
and mercuric oxides ; and co})iously by ferric oxide. The gas 18 exjielled witlr • 
sulphuric acid. He also found that aluminium oxide absorbs the gas. The action 
of silicon tetrafluqride on h^jated aliimim| enabled A. J)!iubree to synthesize topaz. 
an(f other minerals. I’he reaction has Ixurn investigated by il. St. l^‘ville, and 
A. lleich. The gas is said to be un minerah>^nteur jHta ej'ceUejwc. Jj. Troost and 
1 ‘. Hautefeuille found that r(;d-hot alumina, and zirconiup OXide rapidly 
attacked by silicon tetrafiuoride. Silicon tetrafluoride, said' J. S. Bi'rzidijis, is not 
absorbed by boric OXide, but it is absorbed by boriC acid*, forming a whitt^ powder 
which does not fume. When the jiroduct is treated with water, ‘part is dissolved, 
forming a sola, of hydrofluoboric acid, HBF4. A. Hihmian fouml that when a 
cone. aq. solu. of potassium chloride is treated with sili(‘on tetrafluoride, ])()ta^m 
fliiosilicate and hydrochloric acid are formed. J. J. »Berzelius observed thlftiio 
action occurs when the anhydrous alkali carbonates and alkali borates arv. troiited 
with the gafc. J. Davy showed that the gas is not affcctcMl by fused potassium^ 
chlorate, or by heated calcium chloride. L. Troost and P. Haut«‘feuillc found that 
at a red heat porcelain is slowly attacked by silicon tetratluoriih' ; and 11 . Rose, 
that glass is slowly attacked at ordinary temp.- possibly owing to a film of moisture 
on the glass — because A. F. 0 . Gormann and II. S. Booth conld detect no action. 

Accordhig to 0 . Ruff and C. Albert,* silicochloroform doi's not react whim 
heated with lead aiiAl silver fluoridgs ; with antimony and arsenic trifluorides in a 
8e.aled tube the feaction is of the tyjie : 3SiHCl3-j 4 SbF;{: I 

-f 3 HCI ; but with tin and titanium tetrafiuorjjlcs, the reaction, is of the type: 
3 SnF 4 -f 4 SiHCl 3 -= 4 SiHF 3 d- 3 SnC 1 l 4 . The produa, silicofluorofdtm, or trifluo- 
silane, 8111^3,^8 btlst obtained by hoatmg molar nropfrtlons of silicochloroform 
and titanium tetrafluoride in a closet^ copper a'ssel or glass tube, for 18 hrs. at • 
100 °-! 20 °. '!|Jhe vessel is then coofed in liqi^d*tyr and allowed to hecome warm 
sjpwly, the gases evolved being condensed by meafls of liqufd air. Silicofluoro- 
form boils at — 80 2 ° under 758 5 min. press., and melts at about - 110 °. It 
slowly* decomposes in a sealed glais tube, oven tke Ordinary temp., according 
. to the equation 4 SiHF 3 - 2 H. 24 - 3 SiF 4 +Si, the decompqstfion being greatly 
accelerated by heat. It burns* in air with a very pale bliiu* flame, the tenn}). of 
ignition being higher than that^of silicochloroform^: r2SiHF3^60^— 38iF44 3 Si 02 
•f4H2SiFe-f2H2Si03. Water^^and sddium .hyffroxide decompose it thus; 
2SiHF34-4H20=Si(0H)4H-H28iP<,-4-2H2* Aldjohol forms ethyl orthosilicate, 
Si(OBt)4 ; ether forms ethyl silico-drthofjrmaie, 8iH(OEt)3, aiM ethyl fluoride. 
Toluene dissolves it^ own vol. of «ibc^fluoroform^ 

• • 
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§ 55. Hydrofluosyicic Acid and its Salts 

»• rJ ' 

The observationii of J. PrieHtley ^ and others on the [reparation of hydro- , 
fluosilicic acid, H2SiF6, have been previously indicated. The acid is known only 
in soln., for all attojipts to make the anhydrous aVid either by concentrating the 
aq. soln., or by t’he direct union of JbydrogVjn liuorkl^e a^Tid silicon tetrafluoride, have 
proved abortive. J. Priestley shoT'ed that in the former case, the acid volatilizes, 
after a certain cone, has been obtained Although F. Kessler was able to prepare 
hydrofluosilicic acid by the' action of silicon tetniifluoride on a cone. aq. soln. of 
hydrofluoric acid, C. Truchot observed ew sign of combination in the absence of 
water. J. J. Be^elius oHeine/i the acid by the action of cold dil. hydrofluoric 
acid on powdered .quartz. .The silica dibadves quietly at firs/^, but afterwards, if 
the‘ quartz be in exeks, and the acid cone., siV.con tetrafluoride is evolved. 

J. J. B 6 ’*zolius’ method of passing silicon tetrafluoride into water for the preparation 
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oi hydroftuosilicic acid has abeady been indicated. TJje mixture of aq. acid and 
gelatinous silicic acid is separsited by straining Jbr filtration. The resulting liquid, 
said J. Berzelius, is a dil. soin. of hydro^oiilicic»acid,with a little silicic acid in 
soln. The preparation of hydrofluogilicic^acid by thi^ proceA was discussed by 
F. Stolba, W. Hempel, A. Ziegler, A. W. Hi^mann, and C. M. Tessin du Motay and 

E. Karcher.* F. Stolbli also i^^ed^iryolite in place of ftiorspar.^ A. Ziegler <pund 

the absorption of the gas is favoured by warming the watcWti^ 60°~70°. F. Stolba 
showed thj^ if the sulphuric acid contains wsenie, the hydroftiiosilicic acid will be 
contaminated with arseuious fluoride. • • 

E. Fleisclftr treated a mixtiire of silica and cryolite a bailing sob. of 
barium hydroxide, and obtained bariuinlfluosilicate. The product was boiled 
with a soln. of calcium *sul]fhat(‘ acidified with hydrofluoric acid ; the soln. of 
calcium fluosilicate was mixed with all* equal vol or more of idcghol, and.filtered 
from tllb precipitated Barium sulphate ; the caicujfrtcd quantity of sulphuric acid 
was added, the calcium*sulphate filtered off, ^iiian alcoholic soln. of hydrofluo- 
silicic acid obtained. E. Baiir and A. rrliissner obtained a soln. of«^lTr> acid of a, 
hi‘^h de^ee of purity by treating purified and dry*barium fluosilicate with cimc. 
sulphuric acid in a platinum retort. A. F. Meyerhoff(‘r iisc(l calcium fluoruh‘. 

F. A. Hoppen obtained hydrofluosilicic ftcid as a by-i)roduct in the ftprification 

of graphite by hydrofluoric acid. For the nrejmration of *liydrofluosilicic acid 
by the ioiut action of silica, calcium llmfride, aii^l steam* by S. S. Sw'ndseii's 
process, vide silicon totrafluoride. F. Halla imrified the ahuUby the following 
process : * * 

Commercial hydrofluosilicic acid may be purified by removing the areonic with hydrogen 
eulphido, and the excess of gas with a current of air ; precipitating the jroif with potassiunt 
lerrocyanide : treating tho soln. ^vith copper sulphate, filtering, removing Ihe exc^of 
copper with hydrogen sulphide, and the excess of the latte/ with ait ; adding looiWWo. 
silicate to precipitate sulphuric and liydrofluoric acids, and removing the load m a 
way to the copper. Addition of barium hy<lroxido.lo remove the bydrolluoric Snd 
sulphuric Qcills IS not so good, as it causes a small amomit of the l.ydrolluosilicic acid to^ 
hydrolyze. 

A dil. soln. of hydrolluosilioic acid can be cone, by evaporation at a low t.'inp,, 
l)Ut the process cannot be earried very far becaiisi! tlie soln. at 40° can be 
I'vaporated completely without rc.sidue. Aeeordin(r to J. J. Berzelius, enne. 
hydrolluosilicic acid.e.xposcd to tho air at ordinary temj). absorbs moistuni nnid 
the cone, has acqijired a definite vifliie, and a v.srydil. acid, on the contrary, gives 
off water in air until it attains *Jie sama eonc. 'J‘he most cone, acid J. J. Berze- 
liius could prepare containf.d 4iiK.n per cent. «f. water and colj'espondcd with 
H.,SiFe I Ca.,0. Tbe [ihcnoineiion thut» resembles to B(jm« e.'cfent the (listiltotion 
of" acids of conkant composition. The kydrofipotilicic acid vajiorizes with the 
steam, but at the same time the aiyd (s partly dissociated 111*0 hydrogen lluoride 
and silicon teirafluoridc. According to K. BtJur.'at press, of 720 mm., an aciil 
C(»ntaining 13-3 per cent, of hydrofluosilicic acid gives a vaj)., the composition of 
wliich is exactly e.xpressed by the f<vinula H.SiF^ The distillate from more cone, 
acids c’ontains silicic acid, whilst dll. acids yield a distillate cgmtaimng hydrogen 
• fluoride ; further, cone, acids dissolve silicic acid whop evapofated wiUi it, whereas 
dil. soln. deposit this acid on ejvaporation. An acid contamiiig 30 2 per cent, ol 
hydrofluosilicic acid hofb at 108 q? under J-20 mm.^Kiss. h. A- 

measured the vap. density of hydrofluosilicic aijd at 23 ,,31'b . aiid 12 at pr^. 
between 650 and 1350 mm. of mefcjiry. lJn*r these conditious, the mol. wt. 
•is betweehSO and 83, showing that more than half of the acid is dissociated, and 
at 100°, probably mere than two-thirds is, dissociated. C. A. 
the vap. density of hydrogen fluoride agrecs*with the {prmute fljFj and liaF,. 
and on this* assumption believed that the hydrofiuosilicic aci^ was completely 
dissociated. He a!s» showed that hydrofluosilicic acid like carbonic and sulphuriWs 
acids cannot exist in the stafe of vap. E. Baur-studied the eqmlibnujn con- 
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ditions between silicon tetrafluoridfe, hydrogeir fluoride, water ■ 

silicon tetrafludride. . ’ and sibcc 

JlydioMosMe acid ha | vey lour taste tdkmblmg tht of Uu u 
md, and, like that icid, It irritates tHe skin, and reddens Jithus/ iS ?'""' 
C. Truchot, on, cooling to -20° a solm of silicon teiraSnonde in hydrsBuorir'^ ^ 
confining one eg. of watej e^atala of the moaqfiydr!d^9II8iFe.HgO,'are formnh 
on exposure to aif, tb^ crystals fume strongly and *decompose. F. Kessler pami 
Biiicon tetraHuondeinto cone, hydro^noric acid and found no deposit^n of silicn 
or absorption of excess of gas, but noted a deposition of acicular crystals in tlui 
delivery tube. The crystals were free /rom hydrogen fluoride, for /jheir aq. s8ln. 
after jcrecipitation by an excess of potassium chloride did not" corrode glass ; and 
they were free from excess of silica because the potAssiam fluosilicate so formed, 
after washing with dil. alcohol, left no tface of silica in the evaporated wash- 
waters.* The composition of t^e ^ystals approximated tcf that of the dihydrate, 
H2SiFQ.2H20. The cfysttils wgre^ very deliquescent burned strongly in air ; 
^melted ai;c,^9° ; and at a higher temp, they decomposed vdth ebullition. 
**0. Truchot could not make the dihydrate, but on cooling at 0° a soln. of silicon 
tetrafluorido in 4-6 eg[. of ^water, he obtained fupiing crystals of the tetrahydiate, 
H2SiFg.4H20. The sp. gr. was 1*7 ; aivl they readily melted,,. to form a syjupy 
liquid. 'When heated in vacuo, they decomposed into silicon tetrafluoride, 
hydrogen fluoride, g^nd water.,, * , 

The sp. gr., >S’j \)f aq. soln. of hydrofluosilicic acid, determined by F. Stolba, 
are sho^n in Table ; and the results can be represented by the formula 

/3i=:l-fu‘004n-|-{n(H— 3)-f-2(xl0'“^ where n represents half the percentage 
amount of contaftied H 2 SiF 6 , at 17-57l7-5^ For the heat of formation, C. Truchot 

r r ' 

Table XXXIV. — Specific Gravities of Hydrofluosilicic Acid at 17‘5°/17*5“. 
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gave Sicryst f6F-f2H-|-Aq.-=H2?iFQ.aq. h375'l Cals. ; A.Giintz gave 374*3 Cals. ; 
H. Hammcrl, 3SiF4+2H20+Aq,--2H2SiFfl.aq.^, SiO^-aci. f 67 Cals. ; C. Truchot, 
SiF 4 f2HF-fAq. ---=:H 2 SiF(i.aq. 4-33*9 Cals. J. Thomsen gave- for’ the heat 
of neutralization H2SiFQ.aii.4 NaOE.aq,--: . . . 4-13-3 Cals.; JHgSiFc.aq. 
4-NaOH.aq.-= . . / 4-13'3 Calsi;^ and H 2 SiF 6 .aq. 4 - 2 NaOH.aq.- . . . 4-26*6 
Cals.n -vide infra, dlkali fluoSilicates. C. Truchot gave for the heat of dissolutipn 
of tetrahydrate, 4-8*0 Cals. W. OStwald found the eq. conductivity, A, at 25® 
for soln. with an eq. of Gie ycid 'per v litn'^s, to be ^ 

V . . .2 8 r 32 64 128 266 612 1024 2048 *4096 * 

X , , . 216 281 324 342 368 3^7 416 495 662 847 


The increase in the conductivity Above t)— 256 Sduti to the hydrolysis of hydro- 
fluosilicic acid into silicic and Kydrofluoric •^cids. S. Arrhenius discussed the 
ionization of tlffe acid in spin. W. Rifjnsay'and F. L. Usher examined the effect* 
of ,^padiura radiations on hydrofluosilicic acid^ and^ claimed to have degraded silicon 
to carbon. This has not been verifled, * 

According t(Xf J. DaVy,* if '•hydrogen chloride be passed iftto hydrofluosilicic 
aqid, water is taken frqm the compound, 'aAd silicon fluoride is iormed. A. Hileman 
found that when the acid is boiled with potassiun/iodide and iodate, iodine is set 
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fr(‘e. J. Davy, F. Stolba found that sulphuric acid behaves Hke hydrogeu 
chloride gas; and that boric acid precipitates gelatinous silica from hydrotluo 
silicic acid^ and forms hydronuoboric acid^ ^^^4^ According to J. Daw and 
,J. J. Berzelius, an excess of aq. ammohirf, sodium hydroxide* or other salikble 
h.tse precipitates the whole of the silica, 3ind forms a’ fluoride, and A Hileman 
icpreseiitednhe reactibiF: H2SiFj-f6K0H=6KF-fj5i(DH)4-f2H20. A soln. of 
alkali hydroxide or carbonate decomposes the fluosilice/(‘8, forming a fluoride 
and silicat^ Consequently, when hydrottugsilicic acid is titrated with a soln. of 
sodium hydroxide litmus as indicator, there are two transition points. Jhe 
firA corresponds w\th the neutrahzation ^f the original a»»id: HoSiFg+^NaOll 
^NagSiFe+^HgO ; and the' second withjthe decomposition of the fluodllicato : 
Na2SiFQ-|'^NaOH=6NaP-(-Si(OH)4. Litmus shows the ])erinanent excess of 
alkali after the completion of the secoAd reaction, for ^licicncid does not J)ehave 
as an oicid to litmus* under these conditionj^ ^The n'actioh *was studied by 
C. A. Jacobson, J. Kati,’and J. U. Dinwiddie. ^C. RMVligner and W. 11 . Ross 
showed that the reaction, HoSiFQ+GNaOH^TjNaF j JLSiO;^ f dlLU**‘cuj)ies an 
appreciaAile time ; and L. J. Hudkston and H. Bassett inferred that the reactions* 
involved are (i) SiF4-|-3H20^tl2Si()3+‘lHF ; (ii) l:;iF4 h2llF ILSiFo ; and 
(iii)i^ 3SiF4-|-3H2O=21l2SiF0-f]l2Si()3. tThe reactions are reversible Ix'cause 
hydrofluosilicic acid is formed equally by the action of silicon tc'tra/fiioride on 
water and of hydrofluoric acid ou silica ; ay(rhydr4>flrtosiliiiic^aci(l wit h giiflicient 
alkali yields sodium fluoride and silicic acid as (uid-prodnctgs^ • Jh(‘ prdportion of 
hydrofluoric acid in the aq. soln. was found by E. Baur, and A. Jacob*yn to be 
negligibly small. For the second of the above reactions, L. , 1 . Hndleston and 
li. Bassett found [SiF4][HFJ“^/\[H2SiF6], where K IxKH. They also 
showed that silicic acid can exist in soln. with an active mass profofitionai tn its 
cone., to the extent of at least 0 - 0()3 mol. jier litre at lb"". Katz foumyiwt 
pyridine fixes the acid without decomposition. A. voh Berkel showed that With 
a soln. of calcium hydroxide, calcium fluoride, flnosilicat(‘, and silicate, jtnd 
hydrated silJca are formed. According to J. J. Berzelius, ammonium, jiotassium,* 
and sodium salts produce a transparent precipitate which is scarcely piir- 
ceptible at first ; and barium salts gave a white crystalline, precipitate, which 
becomes visible after a few seconds. For the action of hydrofluosilicic acid. 
vide 2 . 20, 28 . E. Guerry and E. Toussaiiit discussed the action of ammonium 
salts in th^ presence of citric acid ; and A. Gawalowsky, the action of soln. of 
chromium salts. » 

W. T. Gibbs found that silicqt.e miiic^als arc nuire rapidly operi(‘(l up by hydro* 
fluoric acid if a trace of hydrofluosilicic acid Jbe present. TIk^ rejiorts of the 
action of hydrofluosilicic acid on* glass, ^by J. J. ftorzeliuf^ and J.* Davy, indicate 
that the acid-daniiot be preserved in jlass botyes, nut, added 11 . Rose, the 
acid slowly dissolves some alkali, limei and ferric oxide fron^ tin* glass, and pre- 
cipitate these substances when alcohol is added^ *J. J. Berzelim^also said a mixture 
oitho acid with half its vol. of alcohol, dogs not attack glass. If the aAid bo 
evaporated on glass, the surface is Corroded because, added J. J. Berzelius, silicon 
tetraflfloride is at first evolved, aril th« hydrofluoric aJid in the residual liquor 
• beoomt^ more and more cone., which subsequently also evitporatcs. Hinire, the 
acid attacks glass when eva{J)rated on its surface. Wli^n evajioraterl over 
sulphuric acid in vacuo, it corrodes the glass re^c^ver, because ‘after the silicon 
fluoride has been given off, Ifydrofluoric acid remains to l>e evaporated. The work 
of E. Baur and A. Qaassuer, indicated above, e^’lai^iB th(? facts more clearly, for 
a soln. which will dissolve silica will alsV corrode gj^ss, and a^oJn. containing 
hydrofluosilicic acid but no hydrdfluoyc acid doe| not etch glass. H.*St. (J. Dc>«lle 
found that hydrofluosilicic acid has a Considerable solvent action on alumina 
forming what he regarded as a solp, of hydrojluodilwMnic acid.* A simihn sola., 
free from silica, wajf obtained by trealfng china clay wifi hydrofluosilicic agid 
{q.v). He added : 
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When dil. hydrofluosilicio is placedin ooniwjt with ignited alumina, a 

silicate is hist formed. The% when.an excess of alumina is added, and the ZJ-®' 
prolonged, the duosilicate is decompose^, silica is deposited, and hydrated 
alur^inium Buoride isjqrm6(i ♦ “ 
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§ 5G. The Fluosilicates 

The salts of hydrofluosilicic acid arc called silicojluortdcs, or, in harmony with 
the commonly rooogniziid name for the. acid, fluosilicatos. In general, the 
fluosilicates an; made by dissolving the oxides, hydroxides, or carbonates in the 
acid ; by the action of silicon tetrafluoride on the metal lluoi ides— solid or in 
solii. ; by dissolving the fluoride and silica in aq. hydrofluoric acid ; and in some 
cases by dissolving the metal in the acid. An excess of acid must always be 
present or the salts may be hydrolyzed. ^ The fluosilicates usually form character- 
istic crystals, some arc useful for identifying certain metals under the microscope. 
The low solubilities of thev,salts of potassium, sodium, and barjum are poteworthy. 
The salts decompose with the.pvplutiot\,of silicon tetrafluoride when heated, and 
leave the metal fluoride as a residue. When a fluosilicate is warmed with sulphuric 
acid, hydrofluosilicic acid ig giver, off. Nitric or hydrochloric ,acid partially 
decomposes the fluosilicates, and sOpic of the chlorides and nitrates are partiaMy 
decomposed by hydrofluosilicic ^icid. The reaction is therefore reversible. The 
fluosilicates are isoinorphous with the corresponding fluotitanates, fluozirconates, 
and fluostannates. Graphic^ formula? for the fluoborates and fluosilica^s are * 
usually based on th^ tervalency of fluorine : 


k-f=f-b<:| ; 

Pd^asslum fluoborate. ^ 


K-F=.F'^*^F 
Potassium fluosilicate. 


•lAccording to A. Werner’s Anschouwi^en auf dem Qebkte der anorgani- 
schen Chmie (Braunscliweig, 68, 1005), hydrofluosilicic acid is a complex acid 
analogue to hydrofluoborlc acid, hydrochloroplatinic acid, and other halogeno- 
aoids. The silicon isi considered to be ^he central atom Idth a co-ordination 
number 6, thus furnishing the acid [SiFgJHo. ^ 
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F. Kessler 1 recommended hardening the surface of ^calcareous stones by means 
,){ the fluosilicates of the ng^etals -e.^. magnesium, aluminium, or lead— whieh 
form an i^isoluble oxide. Carbon dioxide ^ventoff, ^nd calcium fluoride, .dliea 
.uid alumina or leftd carbonate, oi; magnesium fluoi;idc, iliay be formed. Tin’ 
iluosilicatea have also been’recommcnd<^ as antiseptics by G*. Heinzelmaim, 

Jacquemin, A. Cobbnzl, F. iHomeyer, etc. E.%Prfor dcscybed the antiieptic 
j)roperties of hydrofluosilicic acid under the trade-name heAvhyl ; and 11. Sclmegg 
showed thfit the acid fe also the active constituent in the disinfectant with the 
trade-name montanin. According to A. Cobenzl, the sodium, potassium, -and 
ammonium fllosilicates are used^n rat-poVsons. * 

J. Davy^ found that one vol.of silicon teWuoride unites with 2 vols.of ammonia, 
forming a white powdcr-'silicon duunminotetrafluoride, Si(NH 3 ).^F 4 . It \8 
decomposed by water into ammonmm^tluosilicate and siUcic a*ci(\ ; ,and l)y I'ydrogen 
chloride into ammonium chloride and silicon t(inll4uoride., . * 

W. Knop mixed alcoholic sola, of hydroHuosillfeiclicid and annnoiiia, and obtained a 
gelatinous mass’which when dried had the composition ammonium hv^iid^ajiuoinhcate,* 
5NH4F.3SiF4, but there is nothing to show whether a ftnxturo or compound is involved. 
J. C. G. de Marignac mixed normal ammonium tluosilicate witli ^n excess of ammonium 
fluoride and obtained tetragojaal crystals of^the composition SNliiF.Sil^^, or ammonium 
hepD^ifluosUicate, (NiiijarfiF,, which volatilize when heated and witliout melting; wlien 
treated with a soln. of ammonium carbonate, theip is a period of quirsconco after whicli 
bubbles of carbon dioxide are formed, and silicic* aoid is precipitated* 11. Bakeiiprepured 
the same salt. » ’ * * 

A. Scacchi reported the occurrence of ammonium fluosilicatc which lie called 
cryptohalite, along with ammonium chloride in a Vesuvian fumarole. J. L, Gay 
Lussac and L, J. Thonard, J. Davy and J. J. Berzelius, etc., ina<je ammonium 
fluosilicate, (NH 4 ) 2 SiFe, by neutralizing a soln. of hydrofluosilicic adid with #lil. 
aq. ammonia ; a little silicic acid is usually prccipitatejl at hrsti ; and if an o«iii?88 
of ammonia is used, still more silicic acid is precipitated. F. Stolba neutralised 
one-third of^the required amount of hydrofluosilicic acid with ammonia, and 
after mixing that product with the remaining two-thirds of acid, evajiorated the'* 
filtered soln. for crystallization. J. J. BiTzidius made this salt by heating an 
intimate mixture of ammonium chloride and sodium or ])ota8siuni fluosilicate in a 
glass vessel until the required compound sublimes. F. Stolba made it by dissolving 
iron in hydrofluosilicic acid, treating the cone. soln. with ammonium chloride', ami, 
on (Pooling the liquid), crystals of ammonium fluosiUcat« separated. According to 
J. Davy, if an aq. f^olu. of the salt b5 evaporated spontaneously, largei, transjiarynt, 
four-sided prisms are formed, or »accordmg to J. J.* Berzelius, .six-sided jirisnis con- 
taining water of crystalhzatrbn ; Ipit this is an er^r* they are anhydrous. Accord- 
ing to A. P^’icss, the, crystab are isodinmrphous with tlv/sivof the potassium salt. 
J. C. G. de Maiignac obtained octahedral crystals ,of it he cubic salt, and B. Gossmtr 
obtained them by evaporating the aq. sdln. abovq while biHow 5 the aep soln. 
furnishes the hexagonal form. If the temp. Ippfoa^lhes 12"' both forms appear. 
J.<]. G. de Marignac first obtained both the lienagoiial and the cubic crystals side by 
side frop a sob. containing an exces^ of hydrofluoric acid /ind ammonium fluoride. 
According to B. Gossner, the axial ra'tio oPthe hexagoniil crystalp^is a : c~ l : 1’6552. 
•The symmetry deduced from the corrosion figures ,is that “of the dihexagonal 
bipyramidal class. R. M. Bozcjtli showed that the X-radio^.am of ammonium 
fluosilicate is analogous* with tho^ of amvumium dik)roplatinate,'Und ammonium 
and potassium chlorostannat^, like that ($. calcium* fluoride type with each 
fluorme replaced by an NHi-group, aqd eaclj cabimn atom by a flqosilicate group 
having six fluorme atoms equidistant from t^c silicon atom in the directions of the 
axes of the crystal. - The length "of unit cube ccwleining four inols.^ is 8 38 ; 

the shortest distances between the centres of the atoiiw ^f silicofl and fluorme is 
1*72 A. Thtf sp. gr. of the cubic cryst^a is 1*970, according to H. Topsob and 
C. Christiansen, and>^2*011, according to B. Gossner; F.» Stolba gave l*94d9 
at 14®, and for the subbped salt 1*9966 at 17*5®. B. Gossner foun^ the 
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sp. gr. of the hexagonal ciystals tp be 2* 152. J. J. Berzelius said that the salt 
decrepitates slightly when heated, and sublimes to ,/onn a solid crystalline mass 
without fusion or d^compositidh. The^dex of refraction of the cubij crystals, 
according to H. Tdpsoe andC. Christiansen, is 1368^ for the C'-line, 1*3696 for the 
i)-line, and 1*37^3 for tlie J-line. The double refraction (if Jhe hexagonal crystals 
is feefele and negative.^ C.^i^chot found for tKe heat of formation, H2SiE6 (one 
mol. in 10 litres of Va\er)-|-6NH40 (one mol. in 4 litres of water) ==6NH4F8oin. 
-(-Si(OH)4-f-56‘2 Cals j H2^^^68oiii.^2NH4O8oiD,=(NH4j2SiFQ0oiii,4"^^ 2 Cals, j 

HzSlhg-f'2NH3gaa”(N^4)2SiF(jaoijd-}-66*8Cal8.;8iF4gag-|-2NH4FBoio,=(NH4)2SiF0|jiu. 
-f-31*2 cCals; , SiF 4 gag-f 2NH4Fsoii(i=(N^4)2SiF6^ud^36 6 Oak. ; aflU for the heat 
of soln. of a mol of (NH4)2SiF0 inW200 mols. of water at 7°, 8*4 Cals. 
J. Davy, and J. J. Berzelius said that t^he salt is very soluble in water, but 
docs nfit delique^e in air.' According to F Stolba, 100 parts of water at 17*5® 
dissolve 18 6 parts of saftVafid the soln. has a sp. gr. 1*0961 ; 100 ^arts of 
boiling wat« dissolve 55*5 parts f>f s»lt ; and one part of slit dissolves in 45*5 parts 
T)f 31 per cent?, alcohol. J. D^vy said that the salt has a strong saline taste and 
reddens moist litmus. When the soln. is boiled in glass vessels some 'silica is 
dissolved and prccipiftited'when the soln. is diluled. The salt is decomposed by 
sulphuric %cid with the evolution of silicon tetrafluoride and hydrofluoric afeid ; 
hydrogen chloride has a h^siv^'nergetic action ; and hydrochloric acid does not alfect 
the salt.* A soln. oCpbtassium hydroxide liberates ammonia and forms potassium 
.tiuosilicaje, but dhes Tiot precipitate silica ; J . Davy said sodium hydroxide acts 
similarly, but J. L. Gay Lussac and L. J. Ththiard said that all the silica 
is precipitated. Davy found that ammonia forms ammonium fluoride and pre- 
eipitates all tlic silica, while J. J. Berzelius, and J. L. Gay Lussac and L. J. Th^nard 
foyijiul a poi^iion of the silica remains in soln. F. J. Faktor studied the antiseptic 
quaRcies of the salt. 

cE. Ebler and E. Schott ^ precipitated small crystals of hydrazine fluosilicate, 
.N2H4.H2SiF(j, by adding alcohol to a mixture of equi-molar proportions of a 50 per 
cent. aq. soln. of hydrazine hydrate and 20 per cent, hydrofluosilicic acid. The 
salt melts with d(?com position at 186® ; it is readily soluble in water and sparingly 
soluble in methyl or ethyl alcohol ; and when heated in vacuo, it yields silicon 
tetrafluoride and hydrazine dihydrofluoride. They also made crystals ofhydioxyl- 
amine fluosilicate, (NIl20H)2H.2SiF6.2H.20, adding 16 ])er cent. aq. hydro- 
fluosilicic acid to a 25 per cent. aq. soln. of hydroxylamine and allowing the mixture 
to evaporate. The .salt crystallizes from boiling methyl alcohol in scales, and is 
almost insolubl^ in alcohol, but dissolves readily in water. 

J. J. Berzelius ^ first prepared lithium fluosi’icate by evaporating an aq. soln. 
of the salt obtained by vhe action of the acid on an aq. soln. of a lithium salt. 
.F. Stolba evaporated a soln. of lithium' carbonate or acetate in a ‘small excess of 
hydrofluosilicic acid, and obtaii ed crystals of dihydiatod lithium fluosilicate^ 
Li2SiF0.2H2O ; aiid C. Truvhot obtained the same salt by the aCtion of silicon 
tetrafluoride on water having lithiiim fluoride in suspension. The potassium skit 
was found by A. Cossa in the fumaroles pf tin Vulcano crater in one of the Lipari 
Islands, and he culled the mineral hmatite-^iTom Hiera, the Greek name of the 
crater. J. J. Berzejius noted that a detonation occurs when a mixture of silicon* 
and potassium h} drofluorido is heated. He aLo said that molten sodium or 
potassium fluoride dissolves silica, but does not giva off silicon tetrafluoride when 
heated to a high temp. Geb ruder Siemens made the alkali fluosilicatea by mixing 
the alkali chloride and silica into a thin paste with water, and adding hydrofluoric 
a(j|d. H, Howard patented the preparation of,/ilkali fluosilicate from phosphatic 
rocks by treating the sulphuric acid ^oln. witii a quantity of an alkali soln. insufficient 
to convert the phosphoilc.acid in soln, into the mono-alkali salt, and the resulting 
precipitate of alkali fluosilicate separatpd. The product is^ecompbsed by water 
with the separation of silica. H. Schiff and E Bechi obtained a glassy mass 
which they suggested contained potassium oxyjluosilicate, 2KF.Si02, or KF.SiOg. 
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He also said that a mixture of potassium fluoride and *potassium silicate, K 2 Si.> 05 , 
forms a fusible mass. C. W* Scheele made^potajHduin fluosilicate, K.,SiFft^ ami 
sodium flllo8&icatO> Na 2 SiFQ, by erystalliiation from a* mixlute of hydrolliiosilieic 
acid and aq. soln. of a potessium'or sodium salt. According J. J. Berzelius, 
the alkali salt separatls tery slowly from the soln., a^dit is at first scarcely vj^ibh' ; 
afterwards, it produces prism£ftic colours in the liquid, ancWsitihally deposited as a 
, transparent, gelatinouSf iridescent mass, which dries on the filter to a white powder. 
The evaporation of the sat. aq, soln. furni^es small six-sid^d prisms, or rhombo- 
h«dral crystaj^. G. Cesaro observed that crystals of tln^ hextigonal sodium salt were 
developed by the prolonged itction of hydyfluosilicic acid on glass ;*and If. Kraut 
observed tetragonal (perhapfvhexagonal) doubly refracting crystals of the })otussiun) 
salt as a by-product in the preparation of perchloric ^cid by tjje hydrol^yosilieic 
acid pgicess. J. J. Berzelius observed that wiie^»sodium hyorofluoride, NallF.j, 
is digested with silicic ^dd, sodium fluosilicate t^id iliforide are formed. Here is 
reaction between an acid and an acid salt which produces a salt wislwin alkaliiiq ^ 
reactioi^ The fluorine compounds generated during the manufacture' of f»‘rtiliz(‘rs 
are not always allowed to escape as injurious fumes, fron; the chimney of the 
factory, but they^are fjircctcd through a^ieries of w’ooden chambers wbe^e they ore 
exposed to a spray of water which converts the tluosilicMm eomieounds into 
hydrofluosilicic acid. This is then converted fnto s'idilim llvosilicate. » 

F. Stolba obtained potassium fluosilieato by adding so<]hfti^ fluosi/lcatc to an 
aq. soln. of a potassium salt. He also found pota.s8iuni fluoride is de?pm posed 
when heated with hydrofluosilicic acid ; that sodium fluosilicate is formed when 
hydrofluosilicic acid is treated with sodium chloride ; and that silieie acid do(?H not 
react with a boiling soln. of potassium fluoborate, but when a soln. oi potash water- 
glass is mixed with hydrochloric acid and potassium fiu()hor«/(‘, potassium^! #o- 
silicate is incompletely precipitated. 0. Truchot obtained potassium fluosilicate 
by the action of silicon tetrafiuoride on a soln. of potassium fluoride. A. F . Meyer- 
hofer made •it from a mixture of potassium fluoride, silica, and hydrochloric acuH 
with or without calcium fluoride ; from potassium chloride, calcium fluoride, 
silica, and hydrochloric acid; from potassium chloride, silicon tetrafluonde, 
calcium fluoride, and a small proportion of acid ; or from potassium silicates 
calcium fluoride, and hydrochloric acid. K. Bunsen made rubidium fluosilicaw, 
Rb.j^iFg, aj an opalescent powder ly adding a hydrofluosilicic acid to a soln. of a 
rubidium salt ; and F, Stolba, by tniatiiig an aq. soln. of rubidium alum with cu}>ric 
fluosilicate, and wishing the product by, decantation. K. Preis obtained cmsium 
fluosilicate, Cs. 2 SiFQ, in ocftehedral crystals, b}** mixing an aq. eoln, of ciesium 
chloride with cupric fluosilicate,* and lidding alcohol or in cubic crystals, by 

evaporating’an^Aq* 861n. of the salt. , ♦ i i i • < " 

Dibydrateib lithium fluosilicate furr'islies short prismatic orj^stals beJougmg o 
the monocliuic system which, accordfng to J . C de AJarignac., Iptvc t he axi/i 

a : 6 : c=l-235 : 1 : 2- 160. The crystals of the podium salt were stated by J. U. ao 
Marignac, G. Cesaro, E. Bertrand, arfd F. Stollia to, belong to the hexagonal system , 
and the first named gave for the axial ratib « : c- 1 : (tcJfiSb. According to K . reis, 
_J. C.G. de Marignac, and B. Gossner, the crystals of the potassium salt are 
dimorphous — cubic and hcxagonjilj K. Preiss reportcci that tire^hoxagonal crys a s 
were found, together wjjth calciumaulphate, as a depqsit in a largemasm con aming 
phosphoric acid of sp. gr. 1*161 .{Prepared from phosphorites m the cheimca ® 
at Pecky, Bohemia. Small, regulaf crystals of ^.he same ^compound were found, 
together with the hexagonal form, witA the j|5cial ratio a;, c— 1 : 0 8898 B. ossner 
gave 1 : 1*6006. According to K? Prqjs, the potissium and ammoniUm salts are 
isodiraorphous. The cubic form is obta1ne(i in octahej^ra by ^ow y coo ^8 
hot aq. soln.. of thth salt ; as already meiutioned, if alflo occurs tn nature as the 
mineral hieraiite. llhe cubic crystals fere obtained by J. J’ Berzeuus , aid 
B. Gossner obtained them iif thin plates by drying the soln. at about 10 . 
F. Stolba obtained cubic, crystals of rubidium fluosihcat^ havmg octahedral 
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and dodecaliedral faces. •B. Go^ner said that the rubidium salt, like the 
potassium salt, occurs in two fonfts ; ^the hexagonal form being obtained by 
dryii]^ a soln. at abcjut 16°.* K! Preil obtained octahedral crystals of the caesium 
salt belonging ^o the cubic system. JI. Tcipsoe g^ve 2*44: 'for the sp. gr. of 
lithium iluosilicate, and F. Stolba, 2*36 at 12° for the l^vcjrate, and ^*88 at 12° 
for tUe anhydrous* salt. He* also gave 2*754f at 17*5° for the sodium salt. 
B. Gossner gave 2*74#for the sp. gr. of the cubic crystals of the potassium salt, and 
3*081 for the hexagoAal crystals. F. Sfolba gave 2*665 for the sp. gr. oi^ the cubic 
potassium salt at 17*5^ and 3*338 for the rubidium salt at 20°. K. Preis ga^e 
3*3756 ffr the gp. gr. of the caesium salt J, 17°. F.* Stolba and J*. C. G! de Marignac 
observed that dihydrated hthium fluosihlate loses water v^hcn heated in air, and it 
becomes anhydrous at* 100°. F. Stolba found f^hat below red heat, the lithium salt 
gives ofi silicon •t6trafiuofide: or, if steam be present, hydiofluosihcic acid. 
J. J. Berzelius saw that both tne sodium and potassium salts fuse at a red heat, 
and decorni^ope at a higher tempf, Uhe former more readily than the latter. The 
Evolution of silicon tetrafiuoridf. is attended by the boiling of the fusbd mass, which 
becomes more and more refractory, until, after a prolonged ignition, there remains 
potassium fluoride holding Some silica in soln. A^cordipg to F. Bothe, the decom- 
position iiAo siUcon^tetrafluoride and alkali liiioride is inco‘mpl6t(‘. The hcalfe of 
formation estimated by 0. Trijchotare : SiF4ga8 f2JiFgoin.=hi5i^‘1^68oiii.+27 Cals. ; 
®il^ 4ga»~l"2lRih 8oiid~^2^^1^ 6iioiidd"2f^*lb Cals. j Sih 4gft8-l-2Nah =Na 2Sil ggoiid 
-i-36*6 Cals. J 8iF4^a8“r2NaFgoij|^j:-“Na2SiFgg(,iid'l' 25*4 Cals* ; H2SiFggoin."l"2LiOHBoiD. 
=Li2SiFe8oio.+ ^8*6 Cals.; H2SiFegoio.+6NaOHgoi„.=^6NaFsoiid4-Si(OH)4Boud-f Aq+ 
66 Cals. ; A. GuntS: gave H2SiF(jaoiii.-f 2NaOH=l^a28iFg8oii(iH-31*0 Cals. ; J. Thomsen 
found that fhiJ heat of neutralization of hydrofluosilicic acid by sodium hydrox- 
id^is nearly the same as that t)f hydrochloric acid. C. Truchot found SiFegaa 
•i-2lfFgoiQ,~K2SiF(ja<jU(i-l-22*8 Cals. ; SiF4gaa-f2KF9oiid=F^281T's8oUd“l"26*4 Cals. ; 
H2CiF(jgoiQ.-}-2KOH8oin." 1^28^1^ 93oUd"h22 Cals. ; 3SiF4gaa"j-4KOHgoin.^2K2SiF0goiid 
,-}-Si{OH)48oiid+82*9 Cals. The heat of sobi. of anhydrous lithium^ fluosiUcate 
is +1*840 Cals. G. Cesaro gave for the indices of refraction of dihydrated lithium 
tluosilicatc o>=l*300 and €--=1*296. For sodium duosilicato, ij. Kaiteri 
gave 1*3112 for A==677 ; 1*3125 for A=-589 ; 1*3132 for A=535 ; and 1*3146 for 
A~458; and for potassium huosilicate, 1*339 for A=-677. B. Gossner found the 
cubic form of potassium and rubidium fluosilicates singly refracting, and the 
hexagonal form had a feeble negative double refraction. Ther.electrolysia of fused 
potassium tluosilicate was found by F. Ullik to give amorphous silicon. 

H. Behrens jmd P. D. C. Kley recommended the rqady formation of crystals of 
sodium and pot&ssium fluosihcaCes as microchemital tests for the alkalies in question. 
J. C. G. de Marignac fbufld the solubility'' of the dihydrated Ifthirm ftaosilicate in 
^ 100 parts of water a| 17° to bo75 'parts ;''and C. Truchot, 52*6 parts. ' J. J. Berzelius 
said that the sodium salt is m\ich more soluble in water, particularly hot water, 
than'^he potassiuifl salt ; aild F. Stblba found 100 parts of water alrl7*5° dissolve 
0*70 part of salt, and 2*46 parts in boiling water ; supersaturation readily occurs. 
It will bo observed that^ho fluosilicates /)f cij^sium, rubidium, potassium, ?’odium, 
and barium are h\xi ^sparingly soluble in water, the others are fairly soluble ; 

CsgSiF, .r llbjSlFe ' K,SiF, LlgSlF* (NH4)2SlFg 

0*60, ‘ 0*16 , 0*12 0*6^ 73 18*6 

J. J. Berzelius said thr,t an excens of acid does not increase the solubility of the 
sodium salt ; and C. Truchot that this salt ismot soluble! in a soln. of sodium fluoride. 
Ff Stolba also found the ' solubility is much r^uced in the presence of sodium 
chloride. C. W^. Scheele, and J. £. (Jay I ussAc and L. J. Thenard said that pot-assium 
fluosilicate is sp^iringly soluble in cold water, but is more freely dissolved by hot 
vjater. F. Stolba found that 1(X) parish watfer dissolve 0* 1 ^part of the potassium 
salt at 17*5°, and 0*9b part in boiling water. The presence of potassium chloride, 
sulphute, or nitrate lowers the polubility, and this the more the greater the pro- 
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portion of foreign salt. Aq. soln. of anmiomuni chloyide and hydrociiloric acid 
augment the solubility of potassium fluosilical^ft. F. Stolba found that lOi) parts 
of water dfcsolve about 0'16 part of rubidinm,fluosiUcate at 20®, and 1-37 \>art8 in 
boiling water. He* added that th^ salt* is more sofuble/ifl acidulated whter. 
K. Preis fdund that 100 parth of water d^olvc O GO’part of ccesiuni fluosilirate, 
and more isMissolved ty*i)oiliiig water. F. Stolba sajd lithium fluosilicato is soluble 
ill aq. alcohol ; 100 parts of 46 per cent, alcohol dissolve iipa^ts of the dihvarated 
fluosilicato and 100 paHs of 79 per cent, aicohol, 0‘4 part. }l. Pierrat found for 


sohibility in 

Alcohol 
Salt 


94 ^ 

00096 


42 ^ < 
0 05 


27-3 
0 09 


.1 


15-9 

0-21 


» 

8-7 

0-46 


0 per e^t. 

(Vy gnu. per litrt^ 


H. Rose said that alcohol precipitaten fiodium or potassium tluosilieate coinpletely 
from iW aq. soln. ; and K. Preis, that cmsiuiu tLuo^icafc is nof sMuble in •alcohol. 

M. Pierrat measured th% electrical conductivity oniq. J^ln! of the potassiuin salt, 
The aq. e^ln. of lithium fluosilicate has Jn acid reaction, ^^ftcording to 
J. J. Berzelius, potassium fluosilicate is deconqMised by treatment with cokf 
potassium hydroxide or carbonate ; but when boiled with the latter, carbon dioxide 
is evolved and th<; salt is decomposed wjth the deposition oi gelatinous silica and 
the formation of potassium fluoride. F. Stolba showed .that tlnf reaction : 
K 2 SiFA+ 4 KOH= 6 KF+Si(OH )4 is quantiti^tite andcim be ysyd for the volumetric 
determination of the alkali hydroxide, or the alkali fluosilicaW; jir cvei^hydrofluo- 
silicic acid. Theprocess has been discussed by L. Schucht, a]id 8 . Kohn. If 

addedtothemixtureofpotassium fluoride and silicic acid, thupotassium fluosilicate is 

regenerated. C. W. Scheele found that every trace of lime can bh remoywl from a 
soln. of calcium hydroxide by treatment with potassium lluosilicati'^ apd h. 
showed that when a soln. of the potassium salt is boiled with calcium 
reaction is symbolized: K^SIFq b 2 CaC 03 -- 2 KFq 2 ^'ah 2 ]-^ lOw f 2 2 ' ^ 

an excess of the alkali salt be present, some pot assqmi carbonate is fornuMl. Vtfien 
a soln. of pStassium fluosilicate is boiled with an eq. amount (d magneMum oxide., 
the reaction is symbolized : K^SiF* !- 2 M (.0 2 KFd- 2 .MkF, f-S.O„ ami if an excess 
of magnesia is used, some potassium hydroxide is formed. .1 . J . Berzelius fniind liat 
with suhihuric acid, potassium fluosilicate furnishes silieoii tetralluonde, amt 
hydrogen fluoride. An aq. soln. of boric acid preeipitatessihca, hut 1 la- reac lou is far 
from comifleto. J. J. Berzelius said that when lieated witli potassium, silieoii ami 
potassium fluorides \ro formed ; ami with iron at a white 

fluorides and iroi! silicidc are formed ; ^wdiile, a(;pordmg lo . . “ , . ’ ! , 

aluminium in the presencewf potassium cliloruip and carhonate ^t “ 
graphitic silicon is formed. M. llaziikm studied the jeversiblJ- 
sodium fluosilicate ty charcoal, colloidal silica, an;* m i,,,i,' . 

electricalconductivityofaq.soln.ofth»saTt. H*T;^Tlimn.s,ii^and A. W M 1 ob 
son examineithe antiseptic properties of smyKhv fluosilicate ;^aud S. Maicnvitoh, 

fluosillbic acid on cuprous oxide, f . Stalha ohtainod»thhi conipmiiii ,. J’ 

. fluosiBcic acid is heated in a copper vessel in the preparation 
Vide infra. According to J. J. i^rzclius, the product tesembles.red cu prou , 

and when exposed to moist air it ia decomposed, fopning ciiprie and gives 

hydroxide, and finaUy cuprii^ox^uoride.* Whe. strongly heated, it fu es. a id gm 
ofi silicon tetrafluoride,‘ f J. Be^elius also ^pund thah when a oln. of cupric 
oxide in hydrofluonilicic acid is 6 ir.O 

octahedra and six-sided prisms <K ""T^^idv^o. fso^ 

ate formed ; or, according to J. C. Od* Mafignac,_liy^coolin£q,fairty coi^ soln. 


copper ves^l ; thc^»ln. was Jnc. a littW,*and filtered so as 

sdica ; the filtrate’ 'was evajiofated almost to dryness ; and washed witt a little 
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water. The product was dissolved iif water and BVi^mtedat 
dish, or in a glass or porceJaiii dish coated with paramn wax. W K ^ 
passed silicon tetraBiioride info per cent. bIMoI, carryingX^^^^^^'^ 
precipitated cupric hydroxfde. The product was washed a few times 
If the cupric Vdroxide b6 in excess^, i an ii&olubler green basic saltcs f 
F. Stolba, and L Balbiano foiled a mofol hariuWfBuosilicate (kith a solnf contl^^^' 
a mof of cupric sufpj^atie, and in about 15 mins, adfded a little more barimn^S 
silicate to make up for that which is entangled with the precipitated barium sulphate 
The filtrate was tlic^ evaporated as previously indicated for crydallization, 
A. (j. Betts made cupsic Buosilicatc by freating Snely divided copper with fei^c 
Huosilicate, ormth hydroduosilicic acid fnd lead peroxide. 

The deep blue octahedral or prismatic crystals were found by J. C. G. de Marignac 
to belong to the trigonal system, and to haVc the axial ratio a : c— 1 : 0'5396, ami 
110*^4'. H. Topsoe and h^istiansen gave 2 207 for the sp. gr. ; B. Cossnor 
gave S’222 ; and F. StoIba,*2‘1576 at 19°/19^. J. A. Gro^h^ns made some observa- 
tions on th^dyiisity of this salt. HTTopsoo and 0. Christiansen fovnd the indices 
5f refraction <0=1*4071 and €»= 1*4062 for the C-line ; <0=1*4092 and €:•= 1*4080 
for the D-lino ; and <o=l*4L38 and €=1*4124 for tjie F-line. The double refraction 
is feeble and negative. J. J. Berzelius pbserved thatr the, crystals effloresce^ on 
exposure t<f air, becoijiing light blue and opaque and forming the tetrahydrate by the 
loss of 2 ijiols of watgr., F. Btojba shbv^ed that in moist air, the crystals are delique- 
scent ; an(^ when heated to 100°, the salt gradually loses 14*5 per cent, of water 
in 24 hrs#; at 125^ , the ^It loses ,56*3 per cent, of water and silicon tetrafluoride 
in 4 hrs., and the residue is no longer completely soluble in water. J. C. G. de 
Marignac found tihat after calcination, 29*25 per cent, remains probably as oxy- 
ffliorido. L., Biilbiano found that the hexahydrate loses 2 mols of water at 90° 
orji^acuo over sulphuric acid, and is decomposed at 130°-140° : CuSiFe.6H^O 
=SiF4-fllF-f 5H20-f Cu(OH)F. J. J. Berzelius said that the fluosilicate is readily 
soliftde in water, and F. Stolba found that 100 parts of water dissolve 233*6 parts 
pf salt at 17°. At 20°, 100 ])art8 of 62 per cent, alcohol dissolve 5*56 pSrts of salt ; 
100 parts of 85 per cent, alcohol, 0*667 part of salt ; and 100 parts of 92 per 
cent, alcohol, 0*162 part of salt. F. Stolba measured the sp. gr. of soln. of cupric 
fluosilicate. When the sat. soln. in dil. alcohol is warmed, or mixed with cone, 
alcohol, a lieavy, blue, oily liquid separates ; and when shak(*n with an excess of cone, 
alcohol, a light blue salt approximating CuSiF6.5iH20 si^parates. J. Schroder said 
that cupric fluosilicate is insoluble in pyridinr, W. Kuop and W. Wolf found 
that when the aq. soln. is treated with zinc, or iron, metallic copper is first deposited 
and hydrogen then appears owingeto the decomposition of the silicon tetrafluoride. 

S. H. 0. Briggs 'showed, that with cupric phromate, a sohi. is obtained which, on 
evaporation, gives a mixture of^thc fluosilicate and o.xychromate^ As. just indicated, 

' tetrahydrated cuprif fluosilicatd^ CuSiF(j.4 II2O, is formed by driving two mols 
of water from the^ hexahydrate f pr, according to J. C. G. de ,\larignac, by 
evapofating the aq.^soln. at 5l)°. Thp monoclinic prismatic crystals have the axi^l 
ratios a: b: c=0*7604 : 1 : 0*5515, j8=l05° 37°. They are isomorphous 

with the tetrahydrated ctfprfo fiuostannatc. According to L. Balbiano, the^ tetra 
hydrate absorbs aiAmonia, but no ammino-derivative of hydrofluosilicic acid is < 
formed. On troatiu^^ the bright blue product of ^e reaction with water, a blue 
mass is left undjssoived, consisting of silica and ^upric diamminohydroxyfluoride ; 
the latter is soluble in dil. ammonia, and*on heath.g this soln., cupric oxyfluoride 
is depositwl. The actioii of ammcvlia on the fluosilicate .is therefore : CuSiF(j,4H20 
+7NH3=CuF.(5H.2NH3-f fiNH^F-f Slpa+HjjO. T. E. Thorpe and J. W Rodger 
fou(id that when a soln. of copppr sulphate, is aflded to a soln. of the compound 
of ammonia and, thiophosphoryl flvoridb, the filtrate from the copper sulphide 
deposits crystals tf copper pho&phatofla^C^, Cu3(PO4)2.CuSiF0. - 
, According to J: J. Berzelius,® the evaporation of a soln. of i^jlver oxide in hydro- 
fluosilicic acid yields crystals pf tetrahydrated silver ^fluosUicato* Ag2SiF0.4H2O. 
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S. Kern obtained the salt as a greyish- white precipitate on adding silver nitr ite to 
hydrofluosilicic acid. J. C. G. de Marignac that the crystals arc rectanunU, 
()ctahedr% which melt below 100°, and at^the same time lose water with dirom- 
jiosition. J. J. B^zelius said thal^ the ’crystals dejiquesc*e ’on exposure to air, 
aiidwhen^ soln. of the salt !s treated wiJjjj aq. ammonia, a light yellow, basic salt 
m precipitated which* pisses int# silver silicate wtei^ treatei^ with an cxii^'ss i.f 
ammonia. M, Lob and W. Nernst measured the electricjd*c»)nductivity of the aij 
solii. ; aq^ K. Eisenretch found th^t on electrolysis, rather mpre silver is deposited 
t han corresponds with the electrochemical eq. 11. Hetsch examined the baeterieida I 
action of thewalt ^hich has theyjommerckl name isolacJM A number of cak uini 
tiuosilicates or calcium aluminium fluosi^cates has been reported! for tnstance. 
the zeophyllite oi A. Pelfkai^*^ and ¥. Cornu ; with the composition . 

apophyllite, cuspidin, leptdolitc, dlJ. There, k tlv' pi*o(\jLi(;t approximating 
(!a0.3ii02.bCaF2) obtained by H. St. C. Diwilud* by bqating ealeium oxide in 
a stream of silicon tJtrafluoride ; and the ^jir^idiicta obtained in the attmu])! 
to synthesize •the fluoriferous silicate minerals J. d. Berz»h\m made tlu' 

normal Wt by digesting levigated fluorspar and AnHy divKhul silica in hydrofluoric ' 
acid, or, according to F. Stolba,iu hydrochloric acid. J. J. Berzelius also obtained 
thoi^salt by saturaitingJiydfofluosilicic ackl with calcium carbonate, andgvaporating 
the filtered soln. for crystallization. F. Stolba preferred to use about two-thirds 
this quantity of carbonate so that some frec»acid is present otlK'rwisc tlr (‘aleiiini 
fluosilicate is unstable. E. Fleischer obtained calcium fluo«11ic^t(‘ froin cryolite 
vide supra, hydrofluosilicic acid. The four-sided, obliquely truneatiMl ct^’stals, ns 

J. J. Berzelius described them, are those of dihydrated calcium fluosilicate, 
CaSiFfl.2H20. J. J. Berzelius, and F. Stolba mad(‘ dihydrated stront^m fluosilicat^, 
SrSiF(j.2H20, in a similar manner. J. L. (lay Lusaac and L. J. Thenard n^ade 
barium fluosilicate, BaSiF^, as a precipitate by mixing hydr^Huosilicic iiv'^ '.^Aid 
barium chloride. At first the soln. remains clear, fint small crystals are (jion 
deposited. ^F. Stolba used a similar process. J. J. Berzelius found that mnirly all 
the barium is precipitated. If the soln. are mixed at a boiling heat, th(' crystal? 
are somewhat larger, but they are still microscopic. According to K. Fleisclu'r, 
barium acetate or butyrate precipitates a mixture of barium iluoride and fluosili- 
cate from hydrofluosilicic acid. A mixture of silica and liarium fluoride islruns- 
formed by hydrobromic acid into barium fluosilicate', and conversely, hydrobroinic 
acifl and Tbarium fluosilicate furnish hydrofluosilicic acid. E. Fleische'r made 
barium fluosilicatp from cryolite— supm, hydrofluosilicic acid. 

J. J. Berzelius described th<j crystali! of the barium salt as jirisms with acute 
summits, and those of thef dily^dratcd strontiifn^ salt as “ rboi^bic prisms with 
dihedral su/nmits resting on the two acute late'ral edges,” • K. ilaushofer said that 
the crystals of tile barium salt are rhombot^dral ;^ril II. Belirons uses the crystals in ^ 
his microchemical test. J. C. G. dc ffa?ignac sakUhat the dih^lrated strontium salt 
shows monociinic prisms with axial ratios a : hw. c *- I’JTfl : 1 : l’i32 ainl ^ - 1 yi"" 22', 
and he added that the crystals of the dihydrj^ed calcium salt are probably similar. 

K. Haushofer said the six-sided plates of dihyd»ated calcium fluosilicate are jiro- 
bably womorphous with the dihydrated fitVontium sal^. F. Fopque and A- Micbel- 

• L4vy !nade some observations on the cry8.tal»- H- Tqpsbe gate 2 252 for the sp. gr. 
of the hydrated calcium salt ; f.. Stolba, 2 ‘.f9 at 17'5'^ for tli(?» hydrated salt ; and 
4*277 at 21° for tho«anhydroi^bariuiu salt. When heated, fheso fluosilicates 
lose their combined water and ^come opaque.^ and, as Shown by J. J. Berzelius, 

C. Truchot, and others, on calcin^tjon siHcoaitetrafluonde is involved and the 
fluoride remains. Calcium fluosilicate is j»rtly dissolved and* partly decomposed 
by water, forming a precipitate*of silicic acid »nd calcium fluoridd, and a s^ln. 
of hydrofluosilicic acid. As J. J. Berzelius ifliowed, th^ salt is soluble in hydro- 
fluosilicic acid witfiout decomposition, andthe soln.J on evaporatlbn, yields crystals 
of the original salt. .*L. Schucht and W. Moller showed thatisomfc colloidal calcitm 
fluoride and silicic acid remain fn the liquid when calcium fluosilicate is decopi posed 
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by water. J. J. Berzelius xioted that strontium Buosilicate is also partklJ 
posed by water, forming a basic salt, and a liquid containing an exces/f 
F. Sjjpiba said that cold wafer dcssolwDS Ibe salt completely but not witbdkli 
positiou, and, added J. G. (j. de Marignac, tio soh when heated furnishe/^^^^' 
strontium BuoriSe. J. J. Berzelius saM that bariuin BuoffIji:;ale is very spiuin^^ 
solubh in cold wat^, but dhdves more freely in fwUwater. u R.Fresenius found 
that at ordinary temp., "*100 parts of water dissolve 0'0263 part of salt. F. Stolba 
found that 100 partsiof water dissolve 0^0268 part of salt av 17‘5°; 0‘03$2 part at 
21 ° .* and 0'0351 part*at the boiling temp. J. J. Berzelius said that hydrochloric 
acid dissolves calcium Vliiosilicate with/ut decompo^tion, hut wheff the soln. is 
evaporated, h/drofluosilicic acid is givcifolf, and calcium ^chloride is formed ; and 
when the soln. is treated with aq. ammonja^ calciunf fluoride and silica are pro- 
cipitatei while aiuivonium chloride and fluoride remain in soln. C. F. Rammclsberg 
said that the precipitato mi^hflfe sf fluoxysilicate, 3CaF2,^i02 J. J. Berzelfhs said 
that strontium fluosilicate is readily soluble in acidiilatecf 'water without decom- 
position, aiflll lidded C. R, Fresenius, hydrochloric acid augments tbe solubility of 
strontium fluosilicate, and that hydrofluosilicic acid does not interfere. 
J. J. Berzelius said that hydrochloric acid does not increase the solubility of barium 
fluosilicate, but this is not right, since C. R. Fresenius found that 'i 00 parts of wSter 
acidulated with hyctrochloric acid dissolve O' 136 jiart of barium fluosilicate at 
ord inary <;enip., and Sotne barii/In chlorMe is formed ; and F. Stolba, that 100 parts 
of 4*25 per cent. hy(ifb.diloric acid at 22° dissolvq 0'205 part of barium fluosilicate. 
C. R. Fi^isenius said that the solidiility of barium fluosilicate is increased in the 
presence of nitric «acid, 'and F. Stolba found that 100 parts of 8 ])er cent, nitric acid 
cjissolve 0‘3G8 ipart of salt at 22°. E. Fleischer said tliat calcium fluosilicate 
readily dissolves in 60 per cent, alcohol ; and C. R. Fresenius, that the strontium 
saft; k soluble in iJcohol, /ind this the more the less cone, the alcohol. The 
latf;j.'r also said that the barium salt is almost insoluble in alcohol, so that 
the properties have been em})R»yed in tin; separation of barium and strontium. 
0. Tammann fou]\d that 1(K) parts of 50 per cent, alcohol dissolve ()'00256 part of 
barium fluosilicate, and, added C. R. Fresenius, the presence of hydrochloric acid 
diminislms the Rolid)ility, so that the addition of hydrofluosilicic acid precipitates 
some barium fluosilicate from an alcoholic or acidic soln. J. W. Mallet found that 


100 ])arts of a sat. soln. of ammonium chloride dissolve ()'234 part, of bgrimn fluo- 
silicate, and the solubility is diminished by diluting the soU\ F. Stolba found 
that at 22°. 1(K) parts of a sat. soln. of ammonium chloride dissolved 0*327 part of the 
barium salt ; and 100 parts of a 15 per cent. soln.,»,0'277 part, lie also found that 
KX) parts of a b.h'iling sat. soln. »of sodium chloride dis.solved O' 1 77 part of barium 
salt; a boiling 10 per cciit. soln., 0'286 part, and a 10 per cent.rsolp. at'20°, 0'0458 
, part. When the boiling sat. s(Vn.,.is cookd, some sodium fluosilicate d^ystallizes out. 

(1. Tammann said that acetic and J)utyric adds, have scarcely any action on barium 
fluosilicate at 100° ^ ammonivm'phd.q)hate forms some ammonium fl'Uosilicate and 
barium phospliatc^. T. Sclieorer and E. Drecl^psel found that when a mixture 6f 
calcium fluosilicate, calcium chloride, and wate/ is heated in a sealed tube af; 250°, 
crystals of calcium fluoride are formed. J. J , Berzelius showed that when a mixture 
of barium salt and sul}*)^^^ aqid is heated barium sulphate is formed ; and F. Stolba, * 
that when mixed y^ifh ammonium chloride and ‘calcined, a mixture of barium 


chloride and fluOnde remains ;• tfnd that at soln. of>Tcot^sinm'bydroxide decomposes 
the soln. easily, and the' sobd saljt with difficulty ; soln. of sulphates decompose 
barium fluosilic^e completely ; and alkali cart)onates form barium carbonate. 

According to J. J. Berzelius, * the evaporation ^of an aq. soln. of beryllium oxide 
in hydrofluosiiicic acid furnishes a syrupy liqaid which becomdfe opaque and white, 
and if an excess 'of acid >’s^used, th8 product which remains a/ter the volatiliza- 
tion of the acid is a hard, white, porcel^mic mass readily soluble in water. The 
bei'ylliam flaosilicato 'Jo obtained is decomposed b^'v beat. J i C. G. de Marignac, 
and A.j Atterberg also obtained the salt as an iincrystallizable syrup. C. Chabri4 
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,,l)taiiied crystals of the salt by the prolonged boiling of a soln. of 0-5 gnu. ol 
tiorfhly precipitated bcrylliurj hydroxide in a/large excess (200 grms.) of hydro 

lliiosilicicmcid, and cooling. • 

A number of flubriferous magnespm silicates occi^r in natifre— e.//. humito, f)ro- : 
icctite chdhdrodite*cUnohum*te, etc. ; an(?A. Duboin,® by fusing a mixture of silica, 
maf^nesia, and potassium fluoride obtained two prod’^ctJ which he regarded as^ora.v- 
magnesiumfluosilicates, Mg2Si02F4.4K2MgSi308, and li»4{^iOoh\.Mg3K4SiK)0.>r„ 

hut thcroiis little evidence of the chemical individuality , of these substances. 

J J. Berzelius obtained a transparent, yellowish, gum-like* mass by evaporating 
'a*soln. of mlgnesia in bydroftiyisilicic avVd. The com])osh-ion corresponded with 
magnesium ftuosilicate^ MgSlFo. F. ijtolba made crystals of • hexaliydrated 
magnesium flnosilicateiMg^iFft.bll^O^ by adding hydroftuosilidc acid to a slurry 
made by rubbing magnesia* with watt‘r ; evaporating to a syny)y mass; djssolvmg 
iuwat^r; filtering; and^ evaporating spontammiAdy lu a ^datiimm dish. He also 
mixed a cone. soln. of ^nagnesium acetate with^hydrotliiosilicic arid and alcohol, 
and quickly filtered the soln., since on standing silica is depositnti.' B. Engelsj- 
kirchen said that to obtain good crystals it is necessary to finish the evaporation 
of the cone. soln. in a desiccatar at ordinary temp. X F, Meyerhofer made the 
flirdsilicate from-a mixture of silica, (ulcium fluoride, magnesium sulphate, and 
sulphuric acid. F. Stolba, and H. Topsoe and C. Christianson^escnbeirtho crystals 
as transparent colourless rhonibohedra belftnging tm the trigonal system with the, 
axial ratio a : c-:=l : 0-5174, and a -112^9'; and, added .}>. /rngdaifuchen. iso- 
morphous with the ooiTesponding fluostann.ite and fiuwtitanate. r. ^ p )a gave 
1-788 for the sp. gr. at 17*5^ and H. Tdpsde, l-7t)L 

[f. T.;ps6c and C. Christ ians-n arc a,.- 1-3127 and e 1-3587 Jnr tV C-hm , 
m-d-:3439 and €v:.13r)02 for tlm P-line ; and m-0-:H73 and € b3r)34 
y-Minn. The double t.draction is positive. F. Stollu. found tie- crystals et!)or.sce 
in dry air or over sulphuric aci.l ; at ItXC-CiO”, water an.l ahnost all 
tetralluoridc are expelled, lie also notisl that KX) parts of water at I7v. dislfolv. 
04-8 parts of salt to form a liquid of s,i. pr. I;2:h5 ; when WM.ued, the sol. 
becomes opalescent owing to the separation of colloidal silica, hut on - 

soln. becomes almost clear again. i>. Ungelskirehen found that hydrolluoiic a. id 
decomposes the salt into magnesium fluoride and hydrolluosilicic acu . 

J. J. pcrzeUusiOevaporated a soln. of zinc oxide 
oBtained transparent, colourless, prismatic crysf als of hexahytoted P,>or(l * 

ZuSiF,.6H.,0. J. J. Berzelius- aiMysis gave 7H.,0. The trigonal ^>7^ ’ ’ 
ing to J C. 0. de Marignac, haye the axial ratiow : c^^l : 0-.)I7.3, and a- I U , 
Jd, according to B. Gissner, they are isi^u^irphous with die 
compounds of chromium, cobalt, and •nickel, ^ ^ oinn’fmmd thal 

siUcite forms*a continuous series of mixclcryst# -.AV. T , S' 

the hexahydrated zinc fliiosilicate.antl ifuostaimatc form .n.,c«l y- Jj 

gr. fonndV H. Topsoe is 2-104, 'and Bylf-G«Bsn.w jy9 H. Ijoi a^^^^ 
V. Christiansen gave for the indices of rcfreption w-ISSOS 1 . 3^92 

C-%; m=,l-3824 and €,=1-3951^ for the. Ww ; Id that the 

for the F-Une. The double refr*tioif fs positive. J. J. T. ^'.‘J 
salt Is permanent in air and easily soluble in water, When Geatc m a . (.ajo 
found that silicon fluoride eUc-apes. an.l anhydrous was obtained 

corresponding bex&iQFdi&tt^ cidnuum fluos^Uftte, S' t ’ • q 
by J. J. Berzelius in long, traiilTparcnt, colourhjis prisnrfby a " (.^dmium 

employed for the zinc oalt. P.>gelslarch« fv^POrk ted a 
carbonate in hydrofluosilicic acid, and ®^toincd the sal > P . ■ .j 
alcohol, or by spoiltaneous evaforation. The hexagonal ". 7 "tels atc^ in ordinary 
in wateV, and in^O per cent, alcohol ; ftioy%ffloreece ip warm a. r, but m ordinary, 

Si; 

in hydrofluosilicic acid, and on evaporating the pale )e ow q ^ 
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crystals of dihydrated me^curoos fliiosilicate* Hg2SiFo.2H20. R. Finkener^ and 
C. Lemaire crystallized a soln. of 'mercurous carbonate in hydrofluosilicic acid, 
washed the crystals with a little wg,t€tf ; pressed them between bibulf>us paper, 
and dried them ovef shlphuric acid. TKe clear crystals dissolve sparingly in water 
^ without decomposition. J! tl. Berzelj,iss said the crystals dissolve more readily 
in ac^ulated water, and (th%t the salt is precipitated'^' iJy hydrochloric acid. 
J. J.TBerzelius obfained crystals of what was probably hezahydrated marcoric 
fluosilicate, HgSiF^.§H20, from a con% soln. of mercuric Oxide in hydijpfluosilicic 
acid* by evaporating until crystals begin to appear, and continuing the evaporation 
at 15°. The colourless rhombohedral ciystals wi;^ e found byoR. F'nkener tot)e 
very unttable.* They deliquesce in air,|ind effloresce over sulphuric acid. They 
are almost completely soluble in water, and, as shown by J. J. Berzelius, and 
C. Lemaire, the crystafe aro/esoWed by watfttf into an acid soln., and a yellow basic 
si^lt, which, according to R. ISinlisner, corresponds with trihydrated miarciiric 
OZyfluosillcatO) HgO.HgSiF5.3H2^. ^The basic salt, said J. Berzelius, is blackened 
by ammonia,# and afterwards restored to a lighter colour by water ; the salt is 
• completely soluble in acidulated* water, forming an acid soln. which by spontaneous 
evaporation forms a, syrqpy liquid, but doci^ not crystallize until it has 
been evaporated by heat. c , > • 

A numfier of fluoriferous aluminium silicates occur in nature — e.g. topaz, 
lepidolite,,zunyite, etc.. J. ,!f. dlerzelius dissolved hydrated alumina in hydro- 
fluosilicic acW, and olftiyned a gelatinous mass of jiresumably alummium fluosilicate» 
2AlF3.3SjjP4, or Ar 2 (SiF(j^. H. St. C. Deville dissolved calcined alumina and 
obtained a similar product. C. Chabrie found that by the prolonged boiling of 
0‘5 grm. of aluminium chloride or the recently precipitated hydrate, with 200 grms. 
of t^e acid, a.di^tinctly crystalline fluosilicate separates on cooling, which does not 
alter o;i drying at 10()°. Aluminium fluoride treated by this method yields a similar 
compound. H. St. C. Deville said that the addition of an excess of alumina to the 
soln. results in the precipitation of silica; and with sodium chlori(|e, sodium 
fluosilicate and aluminium chloride are formed. A. Frank recommended this 
salt for use in the sterilization of potable waters. 

The rare earth fluosilicates are obtained as gelatinous jirecipitates on adding 
an alkali fluosilicate to a neutral soln. of a rare earth salt ; but in the presence of 
mineral acids, they arc not precipitated in the cold, and on boiling, the metals cerium 
and scandium are precipitated as fluorides owing to the hydrolysis of the fluoslli- 
cates : Sc2(SiF(j)3-}-6H20=;2ScF3-f 3Si02-fl2KF. The yttrium elements are 
held ill soln. by the mineral acid. Thus, J. J. , Berzelius showed that yttrium 
fluosilicate is insqi'uble in water, bu!/ is dissolvi'd bv watvr containing hydrochloric 
acid, and on evaporating the^ liquid, the fluosilicate is again precipitated. ^ F. Stolba 
prepared cerium fluosilicate, Isjutl^um, fluosilicate, and didymiuu fluosilicate 
in this manner. Ho said that the precipitates are very sparingly soluble in water, 
acetic and fluosilicic acids, bu^ are revidiJy dissolved by mineral acid;^. The pre- 
cipitates are also insoluble in alcohol, jJl. J. Meyer based a method for separating 
scandia from the rare earths cn tl\e property possessed by scandium fluosilicate 
of decomposing and precipitating as scandium flaoride when the soln. is boiled. 

By evaporating a soln. of thallous carbonate in hydrofluosilicic acid, 

F. Kuhlmann obtain? d crystals of dihydrated thaflcuiS fluosilicate, Tl2SiF(,.2H20 ; 

G. Werther likewJae obtained cpgular octa^iedra, qr six-sided^ plates. J. Nicklfes 

also obtained the salt by Uic actioii of hydrochloric acid, containing some silica, 
on thallium. The salt is soluble in water, the soin. has an acid reaction, and slowly 
deposits silica, r-llie evaporation of the aq. soln. gives the original salt. When aq. 
ammonia is added to the aq. soki., there i^f, formed a precipitate which soon 
becomes crystallinci, and wliich cannot be freed from thallium by washing with aq. 
ammonia. G. Weuher thinks that the precipitate is a basic fluosilicate or an 
ammino-corapound, , * , 

P. Engelskirchen found that freshly precipitated tjtanium hydroxide readily 
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dissolves in hydtofluosilicio acid, and on evaporating the soln., n syrupy liquid 
which does not crystallize is obtained. The product may be au impure 
fluosillCft^. J. J. Berzelius obtained whitcbpcarly crystals of ziiconiuin fluosiliCftto 
from a soln! of Ahe hydroxide in h/droliuosilicic* acid. • M. Wcibull,' and 
P. Engelskirchen made obsorvatioils on .the produ’ei, but withput establishing 
definitely the nature *fathe comf^und. J.' J. Berzeliuj said that it is very soluble 
in water, and that the soln. becomes turbid on boiling ow^g^t^ the decompSsition 
of part of^the solute. P. T. Cleve reported ,,a basic salt, thorinm dihydmTyflnniiili- 
cate, approximating ThfOHjaSiFo, by the action of hydrofluQsilicic acid on thoriuni 
hydroxide. pulverulent mass of nccdle-like crystals is formed which "ivos oil 
acid vapours when dried ovf't sulphuric arid. , ^ 

J. J. Berzelius repoptedpthe formatimi of lonj^ prisms of st&nnic fluosiUCEtO 
by evaporating a soln. of stannous oKSde in hydr'^lluosilieic jacid, and lie .«iaid that 
the stj^nous oxide is converted into stannic oxjdf^.and ’prccipifat'ed along Vith the 
silica. J. J. Berzelius ffi*r.st assun\ed that the stamKrtis salt i.s formed, but later 
regarded it avS^a stannic salt. P. iiiigelskirchi^n filso jirepared an injyiy*!>8alt from 
a soln. of stannous hydroxide in hydrotluosilicic a»id. 

J. J. Berzelius said that a soln. of lead oxide in hyijrotiupsilieic acid dries up to 
a tj;an8parent guiji of, lead fluosilicate v^hicli is r«‘a(iily .soluble in water. A. and 
L. Lefranc and A. Vivien obtained the tluosihcate by dissolvjng lead Ai the acid ; 
W. Mills dissolved lead oxide or hydroxide the a(vd,»and voiced the filt(;red soln., 
which was slightly acid, with lead nitrate. The jirocipitated ^aosilicatcnvas waslu'd, 
and dried. T. Cobley mixed hydrotluosilicic acid with leu<l acxiisfte or ot luv lead salt 
and obtained lead fluosilicate ; and the same salt was jpade by the action of 
hydrofluosilicic acid — gas or aq. soln. — on lead silicate ; or by heating a mixture 
of lead silicate, calcium fluoride or cryolite, and sulphuric acid. J. C M 1,. (le Marigufle 
obtained the dihydratc, PbSih’g.2H20, and by evaporating the .soln. at ordiiv^ry 
temp, in air, he obtained the Idrahydmte, PbSiFg.llIj,0. F. Fischer and K.^riiifde 
added lead carbonate to hydrofluosilicic acid, tiltere/.! tlie soln. to remove lead flut?i’ide 
and lead sufphate if present, evaporated the el(‘ar soln. ; by neutralizing the acid sohn 
with lead carbonate, they obtained a basic salt ; and by electrolyzing the neutral 
soln. in a cell with lead anodes, they also obtained lead fluosilicate. K, Klbs and 
R. Niibling obtained the dihydratc by electrolyzing a cone. soln. of sp. gr. PflO, or 
very dil. hydrofluoric acid in a cell with lead (deetrodes and a diaphragm using a 
cufrent o^ anode density 1-3 amps, jier sq. dm. If the electrolyte bo sat. with 
lead fluosilicate, aiM allowed to s^and for some days, the tetrafluoride is formed. 
According to J. C. G. de Marignac, the ^lihydrate. forms monoclinic prisms, of* axial 
ratios o : 6 : c~l '4220 : 1 :>1 '43^)0, and j3 U)3jl4r; and the te^rahydrate forms 
similar crystals but with the axial ratios a :b:c - P5772 ; : ()’9733, and j8 -91“ 30'. 
The dihydratQ lOse^ hydrogen fluoride and water when h<^ated ; at 3(X)‘’, lead fliioride 
remains ; the tetrahydrate melts below biles wat.er anil silicon tetrafluoride ,• 
and accordii^ to K. Elbs and R.'Nubling, it t^;adily pa.sses into the dihydrate, 
f . A. Patterson measured the electrical comfuetivitj^ of the soln. F. Fisefier and 
co-workers reported crystals of an acid salt. * ^ , 

J.*J. Berzelius .slowly evaporated i soln. of anti'jnoilie oxide in hydrofluosilicic 
• acid, •and obtained prismatic crystals of antimony fluosilicate which Tinirable to 
powder when dried in air, and readily dis.solve in'Vater captaining an excess of 
acid. According to J. Bcrzelpis, when a soln./)f vanadio dxidje, VO2, in hydro- 
fluosilicic acid is rapidly elap^ated, Iflue vaioW^ flivwilicate is formed which 
at a moderate heat swells up ijik) a pale bl^c porous* mass ; but if the blue 
sola, evi^jorates spontaneously, it 4 cquii;^'S a green colour, ^orms a syrupy 
liquid containing crystals. According to A. Gqyard, if the soln. be»evaporatq 4 to 
dryness a grey deliquescent mass is obliftnec^ which irf completely soluble in water. 
J. J. Berzelius fchmd that vanadic acid. V2O5, (Xssol/es in h^wlrofluosilirjc acid, 
forming a red soln.,*which, on evaporatibn, yields an orange-yellow uncrystallii^j^ble 
mass of vanadinm AuooHcate^ It is partially solubl^ in w'ater, forming a yellow soln. 
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The undissolved dark greei\ portion forms a red soln. with sulphuric acid and gives 
off silicon tetrafluoride. The coltobium silicate minerals, chalcolamprite and 
epistolite, are fluoriferous. , \ * ‘ ^ 

J* J. Berzelius (fbtained a transpaVent green mass of chromium fluosilicate 
by evaporatings soln. of chromic oxide in hydroflubsilicic acid. The 'product is 

a jscent, and when it cant^ins an excess of aoid, it swdd^up like an 'alum when 
, and the rehi^ua again deliquesces if exposed to air. S'. M. Jorgensen 
made chromic chl^ropentamminoflupsilicate, or chomk jmrpureofiaiosiUcatey 
[Cr(^JH3)5Cl]SiFQ, by abiding hydrofluosilicic acid to a soln. of a soluble chloropen- 
tamminochromic salt. tThe dark rose-red rhombip crystals are. isomorphous wfth 
the corrlsponding cobalt salt. He also ryade chromic' chloroaquotctramminofluO' 
silicate, or chromic roseofluosiUcatef [Cr(WH3^4(H20)Cl]SiFe, by treating the soluble 
chloride with a cone. soln. qf zin#. fluosilicatfc *ln hydrofhiosilicic acid. The precipi- 
tate is washed with ice-cold hydrofluosilicic acid until free from zinc ; it is then 
washed with alcohol until ffec frqin acid. The harmine-re(i rhomboidal plates are 
soluble im ^at/ir ; when the salt has been dried over sulphuric ao^d it does not 
'' lose weight by heating to 100°.* According to J. J. Berzelius, a soln. of Oiolybdic 
oxide, M02O3, in an excess pf hydrofluosilicic aci(] does not dry up when exposed 
to air at ordinary temp., but when heatori, the excess 'of a/iid is expelled, and a 
black neutral compound of molybdenum fluosilicate is formed which redissolves 
in the aq^ acid. Wheu theUcid liquidois spontaneously evaporated, it acquires a 
d)lui8h ting(? and yieidji a black uncrystallizable mass from which water extracts 
the blue yalt, and leaves a neutral ‘black powder. The product is resolved by the 
prolonged action of water into a soluble acid salt and an insoluble basic salt. Aq. 
ammonia converts it into molybdenum silicate ; and it dissolves in acidulated water 
\«^ithout decomjiosition. When the yellow soln. obtained by dissolving molybdic 
acH i^ hydrofluosilicic acid is evaporated, a lemon-yellow o})aque substance is 
formed which is decomposed by water forming a yellow soln. and a small quantity 
of ail insoluble basic compound. * 

r According to C. F. Kammelsborg,^® when uranium chloride, UCI4, is mixed with 
hydrofluosilicic acid, a bluish-green gelatinous precipitate is formed. If an excess 
of acid be present, the soln. retains the bluish-green colour. When the precipitated 
uranium fluosilicate is heated out of contact with air, it is decomposed, forming 
water, hydrofluoric acid, and silica. It is but slightly affected by a boiling soln. 
of potassium hydroxide ; and after drying it is but sparingly soluble in acids. 
F. Stolba ]jrepared uranyl fluosilicate soluble iw water and in alcohol. 

J.'^ J. Berzelius obtained long, regular, 8ix-/^idcd prisms of hexahydrated 
manganese fluosilicate, MnSiFQ.fllJ^O, from a soln. of 'manganese oxide in hydro- 
fluosilicic acid, and short.prisms and rhombphedral crystals by the slow evaporation 
of the soln. F. Stolba evapor^od at roqm temp, a soln. of manganese carbonate 
'in hydrofluosilicic a^id ; and also mixcd^bariuln fluosilicate with a soln. of 
manganeso sulphate. The rose-Fcd, ^ Jiexagonan prismatic crystals belong to the 
trigonail system, ami, according to J.^C. G. de Marignac, have the axial ratio a : 0 
=1 : 0’6043, and a:^^112° 30'. i Tfle crystals are isomorphous with the corresponding 
fluosilicates of the mangknCAe family. ^ F. Stolba gave 1*9038 for the sp. gr. 
at 17*5°, and H. Topsde, 1*858. H. Topsoe and C. Christiansen found the indices 
of refraction to be wri-l*3552 and €=^1*3721 for C-JijSjht ; w— 1*3570 and 6=1*3742 
for D-light; and« £0=1*3605 arid 6=1*3774 forfF-light. The double refraction 
is positive. The salt is stable in air, and when heated, J. J. Berzelius found that 
the water is first ^ven off, ''then silicon tetrafluoride, and manganese fluoride remains. 
F. Stolba found tnat^ll the silicon tetrafluoride is not expelled after 40 hrs.’ heating 
at 100°, and after slowly heating ti) 200°, a little silicon tetrafluoride still remains. 

^ The salt is readily soluble in water *,'iF. Stolba found that 100 parts of water at 
17*6° dissolve 140 parts of the sah, and the soln. has a sp. gr. 1*44826 ; the solubility 
is a^igmented by raising the temp. The solubility in alcohol iii greater the less the 
cone, of the alcohol. F. Stolbss found that a soln. oi the salt is decomposed when 
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evaporated in the presence of cone, hydrochloric or nitrje acid. Alkali lluoailicates 
are almost insoluble in a soln. of mai^anese fluoride, so that when alkali siilts are 
added to 9 soln. of manganese fluosilicatea^tljpse tiposilicates are almost quantita- 
tively precipitated. * ‘ • . * • 

J. C. G. de MarignAclJCitild not make a fluosillcato with a higher proportion of inangoneao 
fluoride. T. L. FWpson found that when an aq. eoiu.^f potaasiuiji fluoride, potwasium 
permanganate, and nitric acid is allowed to stand for some days, irfyltals containing fluorine, 
manganesef potassium, add silica are produced-»the latter is derivo(^from th6 glass contain* 
in| vessel , 

According to J. J. Berzeliu^^ when V sola, of iron in hydroliuosilici^ acid is 
evaporated in an iron dish^ exposed to die air, pale, bluish-green, six-sided, ])ris- 
matic crystals of what H. Uufet ahoiwed to be hjxahydratqd ferrous fluosilicate, 
FeSLFf. 6 H 20 , are formed. F. Stolba prepared tk^ salf by evtiperating on a water 
bath the soln. acidified ^/th a few drops of hydrofluosilvic Acid ; lie also evaporattd 
the soln. containing a little free hydroiluosili^ic*acid until a crust be™ to form. 
Cone, alcohol was added so long as a precipitatp was produced. **The salt wiis , 
collected by filtration, and washed by suction with cone, alcoliol, and dried on 
a jjprous tile. Apcor^iiig*to H. Dufet, the crystals belong to the trigonal system, 
and have the axial ratio a : c-1 : 0 503^, and a— 112'^ 32'. ^F. Stolbi^gave l i)01 
for the sp. gr. at 17*5®. The indices of rejraction^w«re found by 11. Dufet to be 
€ = i'3828 and a)=:T3619 for Li-light; 6---L3848 and co\4‘3()38 bp ^a-hght 
and 6=:T3867 and w=l‘3656 for Tl-light at 2l)-5\ The t^yg^als are oxidized in 
moist air, and F. Stolba found that lOt) parts of water at n-b*" dissolve ft 8‘2 parts 
of the salt. J. J. Berzelius also prepared what was on(‘e thought to be ferric 
fluosilicate, Fe 2 (SiFe) 3 , by evaporating a soln. of hydrated ferric tioxide in hydro- 
fluosilicic acid. It appeared as a yellowish jelly which, after complete dr/^ng, 
appeared as a translucent gum-like mass, soluble in werter. It Is doubtful if ftorinal 
ferric fiuosilicate can exist under these conditions since when the attempt is made 
to prepare'Mt by saturating the acid with ferric oxide, or by double decomposition, 
it breaks down at once : 2 FeF 3 . 3 SiF 4 -> 2 SiF 4 -[-‘^l^'< 3 F 3 .SiF 4 — the silicon lluoride is 
decomposed by water. When the soln. is slowly evaporated, a colourless syrup 
is obtained containing FeF 3 .SiF 4 in aq. soln. ; by further evaporation, this conijiound 
decomposes — silicon fluoride escapes and hydrated ferric lluoride remains. 

• J, J. Berzelius evaporated a soln. of cobalt carbonate in iiydrofluosilieic acid 
and obtained pale'Ved rhorabohed^a, and six-sided prisms of what J. Grailicli and 
others showed id be hexahydrated cobalt fluosilicate, OoSiFe-CHgO ; J. J. Berzelius 
considered the salt to be a hejftahydrale. F. Stolba also joade the salt by acting 
on barium fluosilicate with a bdiling soln, of cimAlt sulphate ; and by the method 
employedWtbe ferrous salt. J. Grailicli found the tr:gofial crystals have the axial 
ratio a : c=l : 0-5219, and a =112'-' 4',. B. GoJsn^r gave 2^807 for the sp. gr .4 
H. Topsoe, ^-067; and F. Stolba, ' 2 d 13-2- 121 19". J. A. Groshans studied the 

•mol. vol. and sp. gr, of the salt. H. Topsoe and Christiitfesen gave (ot=T 3817 
and €=1*3872 for the indices of refraction Vith the C-line ; the double refraction 
is pofitive. B. Gossner studied thv‘ isom^wpLismBf tly corresponding cobalt, copper, 
nickel, and zinc salts. There is a limited miscibility between*the cobak and copper 
fluosibcates. P. Engelskirch^n found that ainni'enium ajid cobalt fiuosilieates 
do not form a doubje salt, but’the ammonium ^alt separates prst when a mixed 
soln. of the two salts is (Jonc^ V eva{)oratiop’. F. St^olba found that KXJ parts 
of water at 21-6" dissolve llS'l parts of salt ; »and more, at a higher temp. 

* • » ^ • 

A. Miolati and 0. Rossi obtaiueri cobaltlc ll«xammtoolluofIUeat6,‘or cobaUiQ luieofiimUi- 
cate, tCo(NHs),]F,.28iF4, as a yellow #rysUlline powder by the action (/f hydrofluemheio 
acid on a soln. of the carbonate in hydrofluoric euj’ri. 8. M. J Oreensen obtained cobaltle Oitp* ^ 
pentammlnafluotuieate, or cobaUk xantfiofiuoeilicate, 4Co^>(H,),NOJSiF|, by the action 
of hydrofluosilicic acid on the chloBde the base, W. Gibbs, and S. M. JOrgensen 
prepared eobiltie * ehloiopentMimlnofluwllleate, or cobaUu% chloropurpureofluosi^eate, 
lCo(NH,)»Cl}SiF„ by a cold of chloropentemijiinocobaltic salt to an excesT of 
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hydrofiuoBilicio aoid. W. Gi]|^ regard^! the salt as a trihydrate. S. M. Jorgensen jnade 
eobaltle chloraquotetrammlnofltiosilleate, |Co(NH,)4(H,0)Cl]SiF«, in violet crystals by 
the action of hydrofluosilicic acid on & so|n. of the elilrtide of the bass, "yie crystals 
were* washed witli alcohol.# S.*M. ^Orgpnsen made dark violet, rhOmoio, tabular 
crystals of eobaltle DromopeptamminoflluoiHloat^ or cohdUic hror^purpure^^silicate, 
[Co(NHa)5Br]SiF$ by heating the nitrate or^hloride of the base with hydrofluosilioio acid, 
and washing the piquet wi^ water and alcohol. ^Tiie cryslhli are isomoiphous with 
the anilogous chloro-tomyound. s. M. Jorgensen made coSaltle tetrammioodiaquodiammlno- 
flaosIUeate, [(}JH3)a{H50f^’o(0H).O.Co(NH3)4lj(SiF4)8.2H20, iij hexagonal prisms,* by 
treating a soln. of the fhloride of the base #rith hydrofluosilicic acid. • 

• . * . . . e 

J. J. Berzelius evaporated a soln. of j nickel carbonate in hfdroliliosilicic acid 

and obtained green rhombobcdral and fix-sided prismatic crystals of what were 
shown by J. Grailich and others to be hexuiydrated nichel flbosilicate, NiSiF6.6H20. 
J. J. Berzelius suppowid tl\p sail to be a hPptahydratt. F. Stolba employed the 
n\ethod used for tne ferrous sak% J. C. G. de Marignac showed that the tfigonal 
crystals have the axial ratio : () 5136 and a~lf2*16'. H. Tdpsdc gave 

'2’109 for ihs gr. V. von Lang measured thi* heat conductivity ; find H. Tdpsde 
* and C. Christiansen found the indices of refraction to be oj - 1*3876 and e=l *4036 
for the C-line ; and l*3i)l() and € =l*K)66 for* the 7)-line ; and to -1*3950 and 
€ —1*4105 for the F-line. J. J. Berzelius said that the siflt is^verf soluble in wa^er. 

J. J. Berzelius hnind that the yellow soln. of hydrated ])latinic oxide in hyrlro- 
fluosilicic*acid dries a yellotv guin-4ike mass of platinic fluosilicate, which is 
^iccomposed*by wat^f, •(firming a brown insoluble basic salt. L. Wohler showed that 
the salt ijtreadily hydroly/ed and h great excess of hydrofluosilieic acid is needed 
to prevent hydrolysis. /Fhe subj<‘ct was also investigated by 0. Ruff. By adding 
hydro lluosilicic acid to an a(j. soln. of a tetramminojialladous salt, H. Miiller 
obtained paJlaJlous tetramminofluosiiicate, [Pd(NH 3 ) 4 ]SiF 6 . The colourless 
crjirals are sparingly soluble in cold water ; (‘asily soluble in hot water ; insoluble 
in alcdiol ; decomposed at ; and, when treated with hydrochloric acid, give 
a precipitate of the chloride. S. M. Jorgensen prejiared rhodic chlorop6ftEIllllliQO- 
fhlOsUiCAtGt [Rh(NH;j)r,OlJSiFo, in yellow rhombohedra by adding hydrofluosilieic 
acid to a cold soln. of tln^ chloride of the complex base. 
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57. Silicon Chlorides 

' In 1823, J. J. Berzelius ^ diHcovcred tetrachlorosilane, or silicon tetrachloride^ 

SiCl 4 , when he showed that this compound is formed by the direct union of the ele- 
ments silicon and chlorine. In addition, the derivative trichlorosilane, or silico- 
chlorojorm, SiHC^ ; diclilorosilmie, SiH 2 Cl 2 ; and monoclilorosilanc, SiH^Cl, have 
been made. In addition, the members of the homologous scries, hexacklmosiligp- 
dhanc, or hexachlorodisilane, Si 2 Cl 0 ; octochlonmlicopropane,* or oclocMorolribi- 
lane, ^Si 3 Cl 8 ; decachlorosihcobutane, or decachlorotetnmlane, l^ji 4 Cl 2 o ; dodeca- 
ehlorosilicopentanc, or dodecachlofopcntasil&ne, Si5^?342 and tetradecachlorosilico- 
hexane, or teiradfcachlorohexasilatic, Si 8 Cli 4 , havr'«been prepared. Some chloro- 
bromo- and cbloriodo-silftn^s are known— tnfra. • • 

, When silicon is heated in cLlofine gtfj, it ignites and burns, forming the vap. 
of silicon tetrachloride which condej^ses to a liquid on cooling. If any air or oxygen 
is prese^it some silicaior, according to L. Troost and P. HautefeuilJe, a J oxychloride 
is formed. According to W. Hempeh and H. ,von Haasy, the reaction between 
silicon and chlorine begin® d,f2S(f, and ^it proceeds with incandescence at»480°. 
If the silicon containrs sodium fluoride, A. F. Efolleman and H, J. Slijper sh/)wed 
that silicon tetrachloride is not- obtained by heating it in chlorine, on account of 
the reaction ; SiCl^dK^NaF— SiF |4 4NaCl. H. C.' 0ersted made the tetrachloride 
by passing chloriile gas over an inthipte mkture of ^lica and cliarcoal at a red heat. 
H. Bufi and F. Wohler,/. J. Ebelmen, and IL Sclmitaler made the gas by this 
process, which ms-y be conducted Ai thg following mann'er : 

t • * r 

Afi intoato'inixture of precipitaWni silica andf,fine5r ground willOw charcoal is made 
into a stift p^te with oil ; rolled into fbails^ ignited in a closed crucible ; and loosely 
pack^ in a wide pofoelain tifoe. /* stream of chlorine is passed through the itube heated 
to bright redness. The condensed liquid is athirst colourless, but it soon acquires a yellow 
oolo^ owing to the absorption of chlorine. To remove tjjje colouring^ J. J. Ebelmen, and 
J. “B. A. Dumas allowed the yf^llow liquid to stand ii^ contact with mercuiy or 
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^ Notified by (nwtional diatilUtion. AccotU- 
M ‘ yield with natural Hilica- amorphous or crj'stalline— ia not ao gowi 

as with precipitatod silica. . i j « 

• . • • * ^ 

According to the Konsortium fiir clek^ocncniische Industrie, the temp, (ff the 

reaction cafti be lowA'cd some 800° to*al)out>000°, by adding chloridga of the alkalies 
or alkaline Earths, madgfnese or a^uminium^or of mijtiyos of chlorides. R. Weber 
found that if tlfc temp, is raised high enough silica reac^ ,\^th chlorine fti the 
absence o{|parbon. H.»St. C. Deville showi^l that hydrogen chloride also furnishes 
silicon tetrachloride when passed over a mixture of carbon ai^^f silica, but tlu' ttpnp, 
must be highoi tha^j is reipiired with chlorine. A. Faure made silicon tetrachloride 
by passing a mixture of hydrogen chlorine and a hydrocarbon ga« over«red-hot 
silica. C. W. Watts and*C. A. Bell were mit very successful in the attempt to make 
silicon tetrachloride by the action of iwtbon tetrachloride, chloroform, or a mixture 
of carUon monoxide, and chlorine on reddiot lylii^v ^According *to L. Trhost and 
P. Hautefeuille, if chlojine be passed over a mixture ftf silicon with one-tenth of 
its weight of b§ron, the latter generates so muchlieat in reacting wifh chlorine 
that th(?tcmp. of reaction of silicon with the chlorim* is attained ; boron trichloridi'. 
also reacts with silica at a bright red-heat forming sjlicon^ tetrachloride : -tlR'l^ 
-|-31ii02—3SiCl 4 4*^8203 ; • if unglazoil, porcelain be used instead of silica, 
.some aluminium chloride* is formed; and with glazed ])orce);iin, soim^ potassium 
aluminium chloride is formed. R. Weber, aiKVV.BHubriVfourul that when ayiorjihous 
silica, powdered quartz, or a powdered silicate, is strongly heatinl in the vapour of , 
phosphorus pentachloride, .some phosphorous oxychloridy and iSlicon t(‘t5achlorido 
are formed. P. Didier found some silicon tetrachloride w produced whefi cerium 
trichloride and silica are heated m the presence of a feeble* oxidizing agent. 
0. Matignon and F. Bourion showeil that wht*n a mixture of clflofine and tlrt< 
vapour of sulphur chloride is jiassed over silica at about iriO", silicon ti'lrachloTklc 
is formed, E. Baudrirnont said that a mixture of pbtassium cldorati^ amf silica 
at a temp, exceeding 3()0°, furnishes oxygen, chkirine, and a little silicon tetra- 
chloride, but G. Raut(T obsi*rved that no silicon tetraiddoride is formed wln‘n silici^ 
is heated with the chloride of pota.ssiuni, sodium, silver, chromium, suljdiur, 
manganese, or iron. K. Jiingst and K. Mewes obtained mi'tal siliciili's and silicon 
tetrachloride by heating a mixture of a metal chloride and silicon. K. Weber found 
that when a mixture of trichloro.silane and chlorine is heated, tetrachlorosilai'c 
is ftirmed ;* H. Buff and F. Wohler, and V. Friedel and A. Laden burg noted that 
when silicochlorofinm is heated il forms the tetracliloridi*. W. llempel and 
H. von Haasy obtained the tetnichloriijp in the Ki’action bidwcen chlorine and the 
sulphosilicates ; H. N. Stores, 111 tin* reaction Igidween the, aromatic silicon esters 
and phospji^orus o.^ychloride ; and A. JAdson, in thej’e^ction bhtween mercuric 
chloride and {dllcon sulphide. ^ ^ . 

H. N. Warren, and F. de (.'arli m»de silicon* tidrachloridy by passing chlorim^- 
over heated ^rrosilicon ; and L. fJifttermai^ tiK<*d^ magnesium silicide obtained 
by heating a mixture of silica and magnesium. Ihe best yifld was obtaified by 
working at 300°-310°. The product of the reaciion^ontained about 80 per cent, 
of siliSon tetrachloride; 20 per emt cd •hexachloroidlicbethane ; and 0-5 LO pi^r 
' cent, bf octochlorosilicopropane. The distillate was separati^cnnto its comjionents 
by fractional di.stillation. G. Center used copper sflicide in^jdace of ferrosilicon ; 
0. Hutchins, silicon carbide ; and E. Vijj()uroux,^aiupiiuium silfckjp. G. P. Baxter 
and co-workers describe the*pi/tificatioii of silijon tetraahloride for their work on 
the at. wt. of silicon. G. Martin’s Mirect ions f^ making silicon tetrachloride from 
ferrosilicon are as follows : 

The chlorine cylinder A, Fig. 199, d^ivep gaa inft) the «va8libottle8 B, connected Ivith 
an iron tube fittkl with iron cape cc, and heated W) 180^200''iin the ti^-furnace C. The 
iron tube is pheked with coarsely cruslied ferrpsilicon. The liquid proAicts of the leaction 
collect in the flask wjftch has an exit-tubeTonnet ted with the inverted condenwr A’, ^d 
an exit leading into the fume chatiber. A force-pump, K, drives air, as required, through 

vn... VI. * - * 
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the mercury bottle J, up the drying tcfrer /, and so forces the liquid as requirftl from 
into the fractionating flask Fj fitted ^th Young’s still*head. The distillation flaek F 
connected with the condenser Q and’/eceiver H, which has an exit-tube leading into the 
fume chamber. The manometer ^and i^faty-tube M coiftain mercury and sq^huric acid 
in oftler to prevent tn^explflsion if the tubes get blocked and the# pr^. rises too high. 
The flask F ia heated on a water-bath ; ^d th# bottle| H of crude silicon ^Ifloride are 
stoppered and rdtnoved as they are filled. When the flask F i| nearly full o^ high-boiling 
resides, the water-bath is ripl%eed by an oil-bath/ an^ silicon nexachloride distils over 
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^ h'Q<}. 199. — The Preparation of Silicon Chlorides, 
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between 147° and 149°. ■ In this way, 143 kgrms. of chlorine gas passed over 60 kgrms. 
of 60 per cent, ferirosilicon furnished 64 kgrms. of silicon tetrachloride, 3 kgrms. of silicon 
liexachloride^ alud 600 grms. of a residue which yielded nearly 200 grms. of silicon octo- 
chloride. If the furnace bo heated to 300°-310°, the iron tube is quickly corroded by the 
cbloriie, but at 18C°-200°, this action is too slow to be troublesome. If the temp, is 
170°, the action of clilorine on the ferrosilicon is too slow for effective work. If the temp, 
be 300°-310°, the yield of the disdicon hexachloride is about 4 per cent. ; if 260°-260°, 
the yield is 4*0 per cent. ; and if 180°-200°, the yield rises to 8 0 per cent. The crude 
products must be further rectified by fractional distillation. Great care must be taken 
that the apparatus is thoroughly dried before the silicon chloride is introduced. The 
. attachment /J K enables the chlorides to be transferred from one vessel to another without 
contact with undried atm. air. 

The formation of more complex chlorides during the reaction between chlonne 
and the metal silicido is attributed by L. Gattennanii and K. Winlig to a secondary 
reaction between the tetrachloride and silicon : 3 SiCl 4 -t- Si 28120 % ; but at the 
temp, of the reaction, silicon tetrachloride does not r^'act with silicon to produce 
an appreciable ■amount of the (icxachloride. CYbsequeiitly, G. Martin suggested 
that the mols. of the element silicon are 'chains of atoms, ana the first action of 
chlorine on silicon is not to br(ihkH-he chains of atoms into single atoms, but rather 
to form complex chlorination prochicts, whichy rv^acting with more and more chlorine, 
break -down into sifnpler and'simpler chlorides : e.ff. Si 2 Cle-f CI 2 — 2 SiCl 4 . Instead 
of regarding silicon tetrachloride as tile first product of the reaction, it is considered 
to be the end-product of a -process whjcJi progresses in a series of stages! The 
complex chlorides obtained in the receiver are supposed to have escaped destruction , 
owing to their havine been removed from the seat of the reaction and quickly cooled. 

physici^ properties of silicon tetracHldride.— Silicon tetrachloride at 
ordinary temp, is a transparent, rolourldss, fuming liquid. J. J. Berzelius 2 said 
that when exposed to th^ air the liquid evaporates as a white cloud leaving a residue 
of silica ; the vapour has a suffocatingmdoui' and reddens litmus. L. Roster gave 
for the specifle SfTOvity of the liquid I'bl; J. I. Pierce, I '52371 at 0 ° ; D. I, Mendel^eflF, 

1 -50068 at 10 98^^^ 1*4928 atrl^°, an(lM0294t 99'9" ; C. Friedeland J. M. Crafts, 
1-522 ; A. Stiefej^agen, i-524 .at 16° ; 0. Ruff and C. Albeit, 1-4^33 at 15° ; 

Q. Abati, 1‘47556 at 22® ; 0. Haagen, 1^78 at 20 ° ; and Tv E. Thorjie, 1-52408 
at'4®. J. B. A. Dumils gave for the vapour densit:;, 5 939 ; and H. V. Regnault, 
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TJie vap. shows no signs of 
Ramsay and J. Shields found 
and 13‘66 dynes per cyi. at 
, ‘^’2? and f-'95 s<p nuu, resjiw- 
\ atr, (7--18-30(1 -O UO5480), 

. 1. JAendeleefl gave 15* 13 fyr the 

n j . t X jsociation l&tor, according to 

u. (j. Lotgmescu, is ^inity ; and obscrvistions on tins suljject wide made by 
Ramsay and J. Shields, 1. ‘Traubc, P. Vaubel, and h*. Henry. I. Traube 
estimated a a»^73°*K. in ,]. H. ^^^n der Waals’ equation to 4)e 121 x 10 * ; and h at 
273° K. to bo 88*5 ; v— 6-~23*l ; and a/t;-^890 atm. • • 

The coefficient of thermaPexpansion of !he liquid at 20° was found by J. 1. Pierre 
to be 0*001430; and 0*001446 by Thorpe. • Tin; fonrte^ fpund unit vol. at 
0° becomes 1+0 0012941J9069^-| 0052l84l43(i3II'^ ^)*O7i0864220^:^ at 5 ; aiul 
the latter, 1 +0*001330916^ -f0*05280978^‘M-0*(i82]5()57J^. J. J. Saslawsky siudieil 
the relation between the coelf. of expansion aiul the structure. The 4'4cp»flsion aiu^ 
COmpre&ibility of the vap. was studied by L. Troo.4l and P. llaiitefeuille. For the ‘ 
boiling point of the liquid, G. S.*Serullas gave 50° ; 0, Haagcn, 58° at 156 mm. ; 

I. Jf Pierre, J. B.*A. iluinas, and C. Mtitignon ami F. Boiirion, 59° at 766 mm. ; 
H. V. Regnault, 56*81° at 760 mm. ; T. E. Thorpe, 58° 58*5°*at 765*33 mm., ami 
57*57° at 769 mm. ; W. Becker and J. Me)t‘r* 56*lt° St 760 mpi. ; and A. Stock 
and co-workers, 56*8° at 760 mm. According to 8. Young, tltF observed b.])., at • 
a barometric press , p, is (‘orrected by adding on tin* term 0*000126(760 p)|^73 | 6). 

G. Rauter gave 102° for the melting point of solid silicon tet*rach|prid(* ; W. Beck(‘r 
and J. Meyer, —89° ; W. M. Latimer, —70° ; and A. Stock and co-w^rkers, - 68*7°. 
The discrepancy in the data is m part due to the earlier preparations.having lyen 
contaminated with higher boiling and lower melting ^chloride|. W. M. L^ind'r 
gave for the mol, sp. ht., 0^, per nn)l f5, at dilb'rent temp. : ^ 

°K. . 77*4'^ 81*3" H6G" 131*3'^ 181-0'^ 185*8' 208 8'^ 294*3* 

Cp . . 3*60 3*70 3*83 4 80 5*96 6*08 6 74* 6*94* * 

The numbers marked with an asterisk refer to the lirpiid, the others to the solid. 
The entropy at 25° is 56*43. H. V. Regnault re])resented the vapoui pressure, 
p mm., at^° by log p -4*5959425- -3*32877()8aH2tt, where log a 9*9965260- 
R. tvintgen gave loji p -7*6443 I572*or L W. B(‘cker and .1. M(*yer gave : 


•()“ 5” 

10® 

1.5® , 20® 

2.5® 

56 O'* » 

p . . 11*6 13i3 

• 16*0 17 5 21*6 

26*1 

. 

76 <>m. 

and H. V. Regnault gave : 

-25® -10® 0® 

• 

• 

• 

. * 

:M)® • • 50® 

• 

60® 

65® 

p . . 1*966 4-646 7*802 

lit 

29*4414 60*746 

^•723 

97 *274 i:in. 


IJ. 1. Mendeleeff gave 230° for t he cjitical temperature ; W. Ramsay and J. Shields 
calculii^ed 213*8° ; and C. M. GuUberg, 221°. ^joldhamrner applied the 

theory of corresponding .states to •silicon tetrachloriTle ; an<V calculatgd for the 
* critical density 0*5275. W. M.^ Latimer gave 10 85 ^als. pei*gram for the heat of 
fusion at -70*3°. J. Ogier fouiRl4he beat of vaporization to**);? 6*3 (’als. per mol., 
and A. Stock and co-Vorke^s, 7*49 Gals, per m«lT .R. Wintgen’^ave 7186 cals., 
and for the mol. heat of vaporization, at 0° K., ^346*2 calk., or 6925 cals, at T° K. ; 
21*0 for Trouton’s constant. H. V* Regnaiilt gave. 0*190^ for the.^peciflc heat of 
the liquid between 10° and 15° ; J. Ogier ulttained a similar resdlt ; wid L. Kahlen- 
berg and R. Koeni^J gave 0190l be#wc^n 20° »nd*4y°. H. V. Regnault fotnd 
for the sp. ht. of th^gas between 90° and 234°, (fp- Od322^ J. W. t'apstick obtained 
1*129 for the* ratio of the two sp. hts. of vap. M. Bcrthelot, 8nd L. Trodst and 
P. Hautefeuille gavMor the b^ of formation, SicryBt+^^-^ 1 ^ 8 iCT 4 gag+ 121*8 Call.^; 
and with SiCl^uquid, 128*rCq^. M. Berthelot measured the heat of decomposition 


5‘86 when the calculated value for SiCl4 is 5*868 
dissociation at the softening temp, of porcclaim 1 
for the surface tension 16‘3f dynes percffi.#t 
45*5 ; and for the Speciflc cohesion at thAe temp, 
tively. P.^Walden gave for\he surface t^p.sion, o 
and for the sp. cohesioR S2=2*J3lfl-0 00-1610) ; 1) 
surface tension 'of the liquid at the b.n. The 
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by water: SiCl4+Aq.=Si02.aq.+IHCl.aq.+69 Cals. J. Thomsen gave 69*3 Cals. 
L. Gattermann and K. Weinlig gate 1*404 for the index o! retraction for red light, 
0. Haagen gave for the red ray, Ha, ‘4419 ; for the |reen ray, //^, 1;42PP ; and for 
the violet ray, Hy,‘l‘4244*^ ^G. Abati Jave 1*41019 for the i^a-ray ; 1*41829 for 
the Hjj-ray ; 1*41257 for the D-ray ; tyld 1*42306 fof the Hyi-i&y, and he calculated 
47*52fc for the mcj. retraction for Ha from the /t- formula, and 28*55 from the 
n2-formula ; for thft Sp. refraction, the numbers are respectively 0*277989 and 
0*167978. fhe sp. dispersion for Hy c.nd Ha is 0*008722.* J. H. GladGtone made 
some observations oil this subject; and A. Stiefelhagen gave for the index# of 
refraction of rays of \^^ave-lcngth A=22f), 394, and ^89ja/i, the iiidi^x of refraction 
/4:=l’5fl823, *1 *43334,. and 1*4182 respectively, and ^ 1*3 1377 +0 66590A2 
(A2— 125*562)"'!. H. H. Marvin studied Jhe optical dispersion. Tlic spectrum 
was examined hy* L.^ Troost ?ind P. Hautefeuille, ' W. Jevons, and G. Salet. 
According to C. Liid eking, ^liddn tetrachloride is not de.composed by the electric 
discharge, and P. Hautefeuille f(j>ui^d that the effect of heat, and of the voltaic 
arc, reselhbh's that with silicon tetrafluoride (q.v.). P. Walden found the 
electrical conductivity of liquicl silicon tetrachloride to be negligible. H. fechlundt 
gave 2*40 for the dielectric constant at 16''‘' with^ wave-lengths A=80 cm. 

Pascal Fvieasured the magnetic SUSCepfiUility of silicon teYrachloride. • 

The chemical properties of silipon tetrach\oride. -The composition of silicon 
tetrachldrijle was ciftofblished by the ^halyses of J. Pelouze,^ J. B. A. Dumas, and 
* J . Schiel. K. Faja ns eiudied the ejectronic structure of the silicon halides. Accord- 
ing to (V* Fried<d and A.*Ladenburg, when a mixture of silicon tetrachloride vap. 
and hydrogen isthcathd to redness a little silicochloroform, SiHC]3, is produced. 
A. 0. VournaspH found that the nascent hydrogen ])roduced when silicon chloride 
vap. is passed ovt;r heated sodium formate, furnishes a little silane ; C. Friedel 
and Au Ladenburg,* when a ;nixture of silicon tetrachloride vap. and dry oxygen or 
air is heated, an oxychloride is formed: 4SiCl4-f 02=^2Si20Cl6+2Cl2; and, according 
to M. Berthelot, some silica is also foimed. L. Troost and P. Hautefer ’lie obtained 
Hhe same oxychloride by passing the gas through a heated porcelain tube with or 
without a packing of fragments of felspar or alkali silicate : 2SiCl4-|-K2Si03=2KCl 
d-SiO^+Si^OCle. The presence of hydrogen chloride does not accelerate the 
reaction, L. Troost and P. Hautefeuille found that on sparking a mixture of oxygon 
and silicon tetrachloride vap., the same oxychloride is formed, and if the {ree chlo;’ine 
simultaneously produced is absorbed by mercury as fast as i/s is formed the oxy- 
chloride can be collected.* According to J. J. ^Berzelius, silicon t(‘trachloride first 
floats on the surface of wat6r, knd it then dissolves with decomposition, forming 
hydrated silica ^nd hydrochloru^ acid. W. Becker ami J. Meyer said the reaction 
is very slow with ice-cooled water. Accot’ding to A. Stock and F. Zeidler, silicon 
„ tetrachloride aind water form<^il)OH)2C. N. V. Sidgwick explained the reaction 
with water on the basis of the cq-ordinatioq theory. C. Langlois found that the 
hydrated silica produced bytexposing silicon tetrachloride to moist ^air resembles 
hydrophane. At a rod heat, A. Dnubree fopnd that water-vapour and silicon 
tetrachloride furnish cryatal^ of silicon dioxide. The fumes which are developed 
when the^tetrachlodde is scattered in llie atm. by means of an explosive, bomb 
were utilized to a siliall extf^nt as clouds in the 1914-1918 war ; sometimes in * 
conjunction with anthionia. The subject was discussed by G. A. Richter. 

H. Moissan found that fluorin^ does not act qp silicon tetrachloride at —23°, 
but at 40°, the formation of silicon tetrafluori(Je is accompanied by a feeble flame. 
N. W. Taylor aed J. H. Hildebrafid nieasurad the solubility of chlorine in silicon 
tetrachloride and fbund at‘0°, 0*131 ^rm. gas per gram of solvent is taken up. 
W.^Biltz and Meinecke fonntl the f.n. citrvejlof mixtures of silicon tetrachloride and 
chlorine have a (J^toctic r;t,— 1,17° and 80 at. per cent, chlorine as indicated in Fig. 
200. P. Hautefeuille found that when a iiaixturb of silicon tetr§.chloride* vap., hydro- 
gjeii, and a little iodine is ])aased through a tube at;.^a dulj red heat, a heavy liquid 
is forn\ed which, when fired frem iodine by digestion wjth mercury, and fractionally 
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distillod, furnishes a series of chloroiodides. J, A. Besson found hydro|^ iodide 
and silicon tetrachloride vap.*at a dull red“heat> furnish a mixture of chloroiodides ; 
but 0. Ru 8 and C. Albert observed no rea^Jiofl at >20’'^ • . » • 

in a sealed^tube. J, A. Bessoj^ also reported the forma*. ^ — — i — 

tion of chlorobroinid^^when a mixture erf hydrogen ^ J 

bromide and silicon tetrachhiridf! is passed througl? a* ^ ^ "N. 

tube at a^diill redness.^ 0. Rut! and C. Albert found 7^; 

that in thf presence of copper, silicon tetracflloride does J ' 
ndt jeact with gaseous or liquid bromine. Silicon • At. per cent. Cl 

tetrachloride is dot decomp(*(‘d in trfie cold by , * 
hydrogen bromide or iodide, (h (Just|vson founll 
that with carbon tetrabr^mide in S(‘aled tube at 

some silicon tetrabromide is formed. * • . • • ^ . 

G. Kauter observcc^»o reaction between slliifm tgtrarbloride 'and sulphur At 
200°-300'’. J.^I. J^ierre, and C. Kri(‘del and%\.#liadenberg found tliatjydrogen 
SUlphidp does not act on silicon tetrachloride at or^linary temj)., biif af a red heal», ^ 
silicon tetrahydrosul])bide is formed ; and M. Blix and W. Wirbelaiier likewise 
obtained the chlorosulphhle, SiSt'lo- 0. Rnl! and O AllA*rt found tltat in the 
presence of zinc, silicon tetrachloride (foes not react with hydrogen chloride; nor 
when treated with hydrogen chh)ride in a s<*aled ti^be at f(X)‘\ (?. 8. Sernllas 
found that cone, sulphuric acid (hTompo.s(*s silicon t(‘tra(*‘hloride, fojnfing silica 
and hydrochloric acid ; G. Gustavson found that,the t(‘trachleri<le is de(’omposed by* 
sulphur trioxide, forming pyrosulphuryl chhuide vulcDiJra, silicon oxytildorich's ; 
F. Olausnizer also found that the t<‘trachloride is d(*com posed Iw chlorosulphonic 
acid in sunlight or at 17(/. J. F. X. Harold, and G. J^anter obseuyed no reacti(Ui 
betw(‘en sulphur chloride and silicon tetTachloride. * 

F. Lengfeld said that gasc'ous ammonia reacts witJi silicojf tetrachl(>rid(f alone 
or dissolved in benzene, forming silicon tetramide ; and M. Jilix and W. Wirbeleucr 
showed thjft by saturating sdicon tetrachloride with dry ammonia, a white mass 
of silicon hexamminotetrachloride, SiCl4.t)NH;^, is formed ; the compound iS 
decomposed by water. The ammine was mad(^ by J. Ih'rsoz in 1830, M. Blix and 
W. Wirbolauer showcnl that the hexammiiKi is jiossibly a mixture of ammonium 


chloride and silicon iniide, BiCl4.6NH3 Si(NH)2-i-lNH^Cl, because liquid ammonia 
whiles o»t the ammonium chloride— ?7‘(fc boron iH'xamminotrichloride, and 
zirconium octammkiotetraiodide. ^ F. J.engf dd also obtained a product ajiproxi* 
mating silicon oelaniniinolelrachloridc, S1CI4.8NIL, by jiassing ammonia gat^ into 
a soln. of silicon tctrachlorj^lc iit benzium in an jftn. of dry nitrogen. Tloi product 
is probably a mixture of silicon ti^tramide and amtnonium chl()ri(f«. K. Lay found 
that with liy^razifie, a white, fuming iRompound, proUalfly silicon tetrahydrazine 
tetrachloride, SiCl4.4N2H4, is fommenjf the iwti^n of a benzene’ soln. of silicoa 
tetrachloride on an emulsion of hydrazine in Wmzene. He also showisl that th(i 
tetrachloride^reacts with sodamide, NaNH2, at ir>fj'\hjrming silicon, and a sublimate 
of ammonium chloride, and silicon letranAuinotetrachloride. ,1. F. X. Harold 
said t4iat the tetrachloride does mit rei^ t with flitro|;en» peroxide, (>r a mixture of 
nitrogen peroxide and chlorine, it. Weber found that neitheiWUtnc acid nor aQUa 
regia unites with silicon tetrachloride ; with nitrouswicid, it forms nitrosyl chlorich*. 
C. Friedel and A. Ladeiiburg, a*ntj G. Kauter founll that at a*W(l h(‘at, phosphorus 
pentoxide forms oxycfiloridCb ohiumsphc^us an(h*I)rot)ably, silicon.* J. F. X. Harold 
observed no reaction between silicon tetrachloridi*. an^l phosphorUS chlorides. 


A. Besson observed that silicon tetrathloridi* dofs not absorb jdiosphirui at ordinary 
temp., but at —20°^ it dissolves jJO times ifs vol. of gh^sphine, and times its voL 
at —50°. By strong compression af — theft is ftrmed what is thought fo be 
silicon diphosphmetetrachloride, SiGl4.2PH3. The pi^duct liquid at --60°. < 
Another product wan obtained whrch isactystalline at 10° and 20 atm. proas., or at 
-35° and atm. preSs. U. Mo^an found that arsenic triflltoride reacts in the (?bld, 
forming silicon tetrafluoride and arsenic trich^orWe. G. Rauter examined the 
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action of silicon tctrachlofide on ^he anenic ozides, and the antimony oxides ; 
no reaction occurred with arsenic sidphid^ and the afltimony sulphides. 

Troost and ^aut^feuiKe ohtail^ed evidence of the possible foriftation of a 
Bubchloride when silicon t^itrachloride^vap. fis passed over jieatcd s^con, and 
L. Gattermann*and K. Weinlig represent the reaction 3SiJ'l4+Si=2?i2Cl0 ; but 
G. Martin could nqf. confirfh Miis. 0. Ruff fourfcl that silicon tetjrachloridc is not 
affected by C^bon at Ki'gh temp. ; while J. N. Pring and W. Fielding observed the 
formation of silicon oarbide only in the^presence of hydrogen at 1700 ° — Mde silicon. 
G. Rauter observed no* reaction between silicon tetrachloride and carbon disulphide. 
J. F. X. Harold found that the tetrachloride does not i;cact with ‘cyadogen chloride. 
Silicon letracHloride reacts with fatty^acids forming their chlorides, and with 
alcohol forming ethyl silicate. , ^ 

The tetrachloiides’ .of carboit and silicon possess acidic characters in common 
with the other group ele mints', *anfl combine with the bases to form stable well- 
defined compounds. Ammonia, Hier substituted ammonias, and other bodies of a 
^ distinctly^lJkffK; character, so f^r as has been observed, react similarly ydth all. 
Titanium, one of the sub-group elements with the least pronounced metallic 
character^ and tin in the ot^er sub-group, having 'a distjnet metallic character and 
a high at.iwt., appear to be the most Alictivc members bf ^oup IV. whcA in 
the form of their tetfachlori^es. Titanium tetrachloride, the metal with the lowest 
atomic weight of the'fitst sub-^roup, is* the most reactive since it forms compounds 
'with bodies of a disffiictly acidic^ nature — hydrogen cyanide, cyanogen chloride, 
nitrogen# oxide ; zirconiftm tetrachloride, on the other hand, and the next 
tetrachloride, germanihm, show no such tendency, for their combinations seem 
lynitcd to compounds -of a basic character. In the first sub-group, therefore, the 
reaativity decreases with increasing at. wt. The following selection from 
J.V. X, Harold’s litt of the*double compounds of the tetrachlorides of elements of 
^opp VI with various acidic and basic compounds, shown in Table XXXV, 
illustrates these statements. Iif the table c denotes that a compound is formed, 
ft indicates that no compound is formed, and - means that no data are available. 

Table XXXV. — Double Compounds of the Tethachlorides of Elements 
OF Group VI. 
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Silicon tetrachloride is a convenient starting-point for the preparation of the 
so-called organic derivatives of silicon, bocauseitne chlorine atoms can be exchanged 
for organic radicles ‘through the agency of zinc alkyls, or of sodium and alkyl 
broiftides or fodidcs — Fittigls ^ewtion ; pr by tV Grignard’s readion in which 
i magnesium reacts^with onj^ ^Ikyl or ^^yl bromide in ethereal soln. producing mag- 
nesium 'iilkyl or ar^l bromide, MgBrX, whiph edn then exchange its organic radicle 
for <a chlorine atobi of silicon tetrachloride : Mg|lrX-f^iCl 4 '^MgBrCl-f SiC^X. 
Reactions between silicon tetrarchloride and organic copipoimds have been studied 
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by F. S. Kipping and co-^orkers, A. garden, J. K. R^ynold8, A. l^()8(Miludin and 
cO'Workerj, F. Lengfeld, C. Fiicdel and co-^orkt'rs,G.I{autcr, 0. Rulf and ('. Albert, 
W. Dilthey, C. Willgerodt, H. N. Stokes, F. faurk^, F.^Edimrdoil, etc. • 

G. S. Sernllas fcund that silicofe tetrachloride Avii be distilled from SOdium 
or potassitun and Hi# tetracldoride boils below the m.p. of these metals. 
A. C. Vournasos* observed no fft'tion at the temp, of Ifoiling tpliitne. J. .1. Ih^zelius 
found ths^ when potaf^ium is heated in the vaj). of silicon tetrachlorvle, the metal 
burns forming potassium chloride- and silieoti ; if molten potaSBiiim be dropped into 
liquid silicon ^^trachloride an explosion results. H. V. Oerst^fl found t hat potatAium 
amalgam does not react with tne tetracWoride at ordinary temj). (\ Frj^‘del and 
A. Ladenburg, and N. N. B^ketotT slioweil that sodium, zinc, and silver at a rod 
heat withdraw thji chlorine from the ti‘irachloride without forming Idgher chlorides. 
0. Ruff and C. Albert found that SOdium hydride, Jnd dklciumtydride do^iot react 
at 100°, and in the pr^^nce of aluminium chtorufe. **(1. ‘Ranter bniml that ziift, 
aluminium, be/ylUum, and magnesium react af 2tK) ' 3(Xf forming the nie^l chloride 
and silicon. K. Seubert and A. Schmidt observed that with magnesium at a , 
dull red-heat, magnesium silicide and silicon are formwl without incandcseenee ; 
G. *Rautcr obser^ved^no ^reaction wi^h iron at 2(K)* N. l*arnfvano and 

C. Mazzetti found that silicon tetrachloride reacts with iron aMMX)"' forjning an iron 
silicide. E. Vigoiiroiix showed •that with^rrducej iron at a dull red-heat, iron 
silicide and ferrous chloride are formed; cobalt similarly rel(^s at 1300°; 


nickel also forms silicid(;s. . ^ , 

According to G. Rauter, most of the metal oxides, react, with silicV)!! t(‘tra- 
chlorido, forming the metal chloride or oxychloride and silma. Hn some ca-ses. the 
reaction occurs at ordinary temp. ; in others, tin* oxide must be lieated. .\t higlii^r 
temp., crystalline silica and ditferent silicates may )>e fornn'd as in the synth^es 
by A. Daubr^e, and L. Troost and P. Hautefemll(f. G. It^uter (‘xamnR‘d the 
reaction with silver oxide and the two copper oxides ; G. Rauter, and A. DauWe, 
the reactidli with calcium, stronfhm, and barium oxuIck ; and also with beryllium 
and ^rmgnmum oxides; G. Rauter, the reaction with 'zinc, cadmium, aml mercurlh 
oxides, and with boric oxide ; G. Rauter, A. Daubree, and L. Troost ami . Haute- 
feuille, the reaction with aluminium, oxide ; G. Ranter, the reaction witli Ihalhum 
oxide the bismuth oxides, and tin and lead oxides. \Vitb heated l(‘ad oxifl(‘, 
C»Frie,do>and A.Ladonburg said the miction occurs witli incaiid.sccnco, forming 
lead chloride and Plicate ; I.. Tro()pt and 1’. Hautefeuilic, the reaction with zirwmum 
oxide ; G. RautA, the reaction with tUnmum oiulc ; rliromuim oxides : moly0i{emm 
oxides; tungsten oxide, umniUm oxide; the wani/onese oxides the iron oxides; 
cobalt, oxide; and nickel oxide.* The metal salto will, inorganx; acK s general y 
behave like mi^tufes of the acid anhydrfdcs and the basic hxides ; /kwhx has seareely 
any action on silicon tetracldoride ; |jnfG. KaaKf observed, the reaction with tha 
alkali carbonates ; potassium vUritaemd nitrate ;. potassium chromate and diehrvrnak ; 
cupric sulphate; and with 'potassium permalujanati* cJilorate, bromide, 

■ no action was observed with cab-iumJluorule,*iHlium sulphite polasmum polysulphule, 
or nUreurk sulphUe. In general; the. heavy Aetalsi^pMes have scarcely any 
acti(»n. ' A. F. Holloman and H. J. Shjper found that smiium fUoridc rcaets, fonning 
sodium chloride and silicon totrafluoride ; and P.JUiqnel ^mnd that at ordinary 
leadthiocyan^ forms Siljpon tetrattilo<iyaiiatc and leaih^oride. ( . Friedol 
3 a! LaLbcrrr«F««*»t»<> rt^ntion.fcitn rcl-hot g^um 0 «de. 8iU, 
+ 4 Na 20 =Na 48 i 0 * +4N*C1 ; the .alkali oxidc-w suppossd U, be contained in the 

*”**Fr3'thc*an8lQgy between met ban? a?id silane, it would be antl\;ipided that the 

hydrogen atoms of silane could beVcidaced 1,^ cTilaiane atoms 

three substitutioft products have been obtained 8(*that%he serf's of Silicon ChlOTO-* 

hydrides, •* • , 

glCli • 81HCI, WHjCI, • 8iH,Cl 
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ifl complete. The first silbstitutign product was discovered by H. Buff* and 
F, Wdlder^ in 1857, and it was at fir^at supposed ^o be a compound of sibcon 
chloride and hydrogen, chloride f but*in ]867, C. Friedel and A., Ladenbifirg showed 
that the compound has a fonnval analogy^ with chlorofvrm, CHCl^, and it, was there- 
fore called silicolhloroform, SillCl^. is also called trich]ojpsilane. 0. Ruff and 
C. Alltert were not ^ble^to ftbtiin this compound^^bj'^the action of ^reducing agents 
on silicon tef rachlor^de ^ but A. J. Besson and L. Fournjcr did obtain a small 
quantity of silicochloroform by passing ^he vap. of silicon tetrachloride o^%r red-hot 
calciTim hydride. H. 'Buff and F. Wohler made triclilorosilane by heating silicrn 
in a current of dry hydrogen chloride, ^his process Avas empl5ycd*by C. Friedel 
and A. IjadenlSerg, and K. Vigouroux. /rhe product wasr separated by fractional 
distillation from the othiT silicon chloride.s f(vpied at thV same time. The trichloro- 
silane diptils Ix^twiTu ^15'' 'and ^17", and the silicon tetrachloride towarejs 
L.^Cambi found irichlori^iilant^ tb^e^the chief product of thq action of dry hydrogen 
chloride on silicon sulphide, SiS. ftJif Gattermann obtained it among the products 
, ol the action Vff dry hydrogen qliloride on the crude silicon or magnesium, silicide 
obtained by reducing quartz sand with magnesium. F. Lengfeld said the yield is 
improved '!)y using an i*xceH$i of sand with the ma^iiesiivn. H. N. Warren passed 
hydrogen c Woride over ferrosilicon containifig 15 per cent, of silicon ; and H . Moissan 
and A. Holt, by passing hydrogen chloride oven heated vanadium silicide, V-^Si. 
In all th<*!ie^ ca8(‘H, <Jle'trichIorosilane m to be separated by fractional distillation 
'from the condenseifc lifpiid. C. (’opibes passed dry hydrogen chloride over copper 
silicide h«at«Ml in a vap.-bAth of sulphur, mercury, or diphenylamine. The yield of 
trichlorosilane is about- iiO per cent, of the theoretical, and the remaining 20 per 
cant, is mainly the tetrachloride which can be separated by fractional distillation. 
0. Huff and CV AlbiTt considered this to be the best method of preparation. A. Stock 
and F.«*Zeidler worked at SOO"", and found the purification by distillation in vacuo 
to bo very tedious because the hydrogen chloride and silicon tetrachloride are 
retained very tenaciously ; indeed, the former appears to be continuouslj, produced 
[yrobably owing to the slight but unavoidable water-content of the glass. 

Triclilorosilane at ordinary temp, is a colourless, mobile liquid with a smell like 
that of silicon tetrachloride. The analyses of H. Buff and F. Wohler, C. Frii'del 
and A. liadenburg, and 0. Ruff and C. Albert e.stablislied the composition ; and 
C. Friedel and A. hadiuduirgs vapoUT density, 4-f >4, agrei's with the value 4',G9 
calculated for the formula SilK'l;}. H. Buff and F. Wobh*r*gave hbr) for the 
specific gravity of the liqu'id ; while 0. Huff and V, Albert gav-.t 1-3438 at 15° ; 
and A. Stock and F. Zeidler gave 'l -35 at 0*. H. Huff qnd F. Wohler gave 42° for 
the boiling point 5 ^ G. Friedel andr.A! Ladenburg, 3r>^ 31)"; h. Gattermann, 35°-37° ; 
A. .[. Besson, ,34° ; 0. Rtdf.and C. Albert, ^5° 34° ; ('. hajie, 33° \ A. Stock and 
F. Zeidler, 31-8°: The last namCd f;ave fiV the vapoUT pressure , ]) mm., at different 
temp.: ' , r 

A r ' *• 

* sreo" - 70 'r -go-o® -so'.'','* --io'&® O'" 2r,o“ 32'0'’ • 

. 0’7 2*8 13 0 45 5'* 132 . 218 338 t:98 705 

^ t " 

They also gave for the melting point -12G r to --126'6°, and 0. Ruff and 0. Albert 
gave —134°. It will 'be observed that chlorofonp boils at 61-5°, and that in 
general, apart from, polymerization, the silicon vGmpounds are generally more 
volatile than the ((irresjionding'carbon compounds. , H, Buff and F. Wohler found 
trichlorosilane to be a non-conductor* of electricity. •> 

According to H. Buff andF. Wdhler,rwhen ithe vap. tff trichlorosilane is passed 
through a red-hot tube, hydrogen chloride, silicon ^trachloride, And a brown mirror 
of aiAorphous silicon are produA>d^ 0. Ruff afad rf Albert deny the production of 
(hydrogen chloride, 'and they.reji^esenf the decomposition as a balance^ reaction : 
ASiHClg^Si-j-'iHo ^3SiCl4 ; ami if hydro^n b(? mixed with vap., the temp, 
of d«,comi>osition is hig^iOr - about 900°. A. Stock ^nd F- Zeidler said that tri- 
chlorosilune is remarkably stable towards heat, but at 9(10° it suffers almost quanti- 
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tativc decomposition into silicon^ liydrocon, hydrogen cWoride, silicon tetrachloride, 
and a trace of liquid less volatile than ihc lat/er. A. J. Besson and Ji. Fournier ^ 
found that wdie.u a mixture of dry hydJ^OQ and vaji. of trichlorosiltyie is 
exposed teethe darlj electric ^ischarj^, a yellow oily liquid containing a mixture of 
more or lesa condense^ ^licon chlorides oPthe series Si„(<lj.„4-2 is firmed. H. Bull 
and F. Wohler ^'ported that tiie ta]>. of trichlorosilaiieds as in^ammable as ^Jiat of 
ether, and it burns in jir with a green-mantled dame like«(1iift of chloroform, pro- 
ducing Wlflte clouds of silica, and hydroge# chloride ; a mixtyire of trichlorosilano 
awd ^ir can be exploded, forming silica, silicon chloride. a*id hydrogen chhiride. 

C. Friedel amrA. fjadenburnsakl that a warm body like allot glass rod will ignite 
the mixture. H. Bud a||^d F. Wohler notcjl that a detonation occutred ditring the 
distillation when air was prqSent in tluqretort. A. J. Besson and L. Fournier found 
that i^trichlorosilane at - 80 *’ be sat* with dry OiylTOD and^lw ♦soln. leftJor some 
days in a sealed tube eyw).sed to sunlight, a llli-ttlfr^ cwjitaining silifoh oxychloriih*, 
SLOC^, is produced : and a similar reaction 4)C||urs with a mixture of OZOno and 
oxygen.at 0*^.* 0nhke chloroform or carbon tetrachloride, but lik»**ilB1fon tetrt^- 
chloride, trichlorosilane fumes in moist air, and is*d(‘coipposed by water with the ' 
evolution of heat, forming silitic and hydrocldoric acids ^ and A. Fsicdel and 
A. liadenhurg ob.serv(^d that if the reaT:flon with water occurs at 0", t|je hydrogen 
is retained and a white insoluble powder of, the so-called sihcoformic anhydride, 
H.SiO.O.OSill, is produced : 2lhSi('h, j-dJld) ()IT(T [ (llSi(J),,0. A. Htock and 
F. Zeidler say that the })olym(‘rized dioxodisiloxane (silic(j/o*r^iic unltydnde) has* 
been isolated in the homogeneous condition, and is thciiTcmarkably stai>!^ towards 
water. In the gaseous condition, the chloro-com pound tc^(‘ts ynly slowly with a 
deficiency of water vap., ^\ithout giving any indication of the fornuyion of products 
intermediate between it and dioxodisiloxane. Att(‘m])tH to isolate tiie lattergn a 
less highly polymerized form by d(‘C()mpo8ing tricldocomonosijane in the j^cseflce 
of benzene were unsuccessful. It gives indications of its ability fo form saljs in 
the absent of water. At ordinary temp., chlofine converts trh'hlorosilane into 
hydrogen chloride and silicon tetrachloride; bromme, at lU)", converts it intfi 
hydrog(m bromide and silicon chlorohromi(h‘. A. J. Besson and L. FonniicT showed 
that trichlorosilane reacts .slowly with hydrogen chloride, forming miHaturati'd silicon 
chlorides. 

* 0 . Riitf and (\ Albert observed no change wlu-n trichlorosilane and SUlphUT are 
heated in a sealed 4 ube to 15 ( 1 ' . H. Buff and F. Wohler found that trichlorosilane 
is not changed Wy hydrogen sulptlide. 0 . iiuf! and « Albert showed that when 
trichlorosilane is treated with fiulphurMioxide, ^om(> sulphur, silica, silicon 1(‘tra- 
chloride, and hydrogen cluoridetare formed ; a^ikwilh SUlphUT fl^ioxide, suljihiiryl 
chloride, sflica,4fiilitoii oxychloride, chlorosul phonic acij, i^nd hydrogen chloride are 
formed ; while A. J. Besson and L, Fourni«r fonnj that at 100 ’ sulphtir trioxide forms 
sulphur dioxide, jiyrosuljduiryl cljtqfde, ehlon^^ulphonic arid, and viscous silicon 
pxychloridcff Aq. ammonia, like water, waffoubd i)y ('. Friejol and A. Ladenburg 
to form .silicoformic anhydride, ^ollow(;d by a further decomposition : SillCl^ 
d 3NH4OH-H2H Si02f3NH4(:U HoO. 0 . Muff^aiql (]. Albert showed that 
trichjoresilano unites with gaseous anunonia, but tfic jirodi^t has nyt a definite 
composition. A. Stock a nil f'. Zeidler found thqt in thf gaseous jihase under 
diminished press, and at atm.tinpp., the reaction is syinbolVBtd : ‘iSiHCl^ \ DNlIj 
-™r)NH4(dd-(NH : Sill)2NIi ; j;h*c ftarm» ])rodupts*»re obtained If the components 
are successively condensM m the^ame vt'sselAnd the mixture gradually warmed. 
When the product is gradually haated, ^fie •inyde decoinposiip : (NH8iH)2NH 
— NH3+2SiNH. A. J. Bessoi^and I* Wmrnier showed that an axplosion occurs 
when trichlorosilane is mixed with nitrogen perondb lit -- 20 ° ; and*f the mattrials 
are diluted, with carbon tetrachloride, the reactiop is,symboliz(^ : SiHC^-f 2NO21 
=Si02-f2NOOld-J^^^l. Red phoSphoiflB produces some pho?phinc ant^ a high 
boiling silicon comfioun^. A^esson found that with phos|hin6 and tricldorosilanc 
at 15 ° under a press, of 4 ()fatm., or at “ 35 ° under»a press, of 2 () atin., an unstable 
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crystalline compound is formed, p. Ruff and C. Albert showed that alkaline or 
t neutral soln. of arseniOQS oxide, or«an|imoniou8 oxjde, are reduced to the metal 
by tljp action of th^ li berated kydrc^^en^ A soln. of arsenic (rifluoridS furnishes 
trifluosilane and arsenic ; v^kh arsenic trichloride \n a sealed tube 150°, no 
alteration was ftbserved. Arsenic trichloride is miscible all proportions with 
trichlarosilane. % ^ ' t 

C. Friedel and A.*Csdenburg found that with absolute alcohol, trichlorosilane 
forms not ethyl orth^jsilicate biit ethyl ^rthosilicoformate, Si6(OC2H5)3. ^According 
to Of Combes, when tAchlorosilane is treated with an excess of aniline, 
in benzene soln., whit^ acicular crystal* of triaMwsilane, H— Si=(NHCeH5)3, 
are fornled. This compound begins toy decompose at U4°, and regenerates tri- 
chlorosilanc when exposed to dry hydrogen f Jiloride. Ruff and C. Albert found 

trichloroijiilanc to rbt lijiscible iif all j>roportion8 with carbon disulphide, parbon 
tetrachloride, chlorofom, %ftd *8enSsene ; paraflSn is dissolved by the hot liquid, 
and given up again on cooling, tO^her reactions with organic^ compounds have 
^ Ijeen repoTtflefby 0, Pape, 0. Combes, L. Gattermann, A. Polis, e*tc. * 

I 0. Ruff and C. Albert showed that trichlorosilane suffers no perceptible change 
when heakd in a 8eaIe(Hube«to 150° with sodium, sftdiumjamalgam, mercury, silyer, 
copper, or /in ; on the other hand, A. tSlock said that it reacts with sodium- 
amalgam : SiHCl3-f-'3Narr::3NaCl+(8iH)n, since volatile compounds are not pro- 
duced in ^pprecialJrf a'hiounts.* When heated 12 hrs. with chromic anhydride in 
•a sealed tube at l^iO^ silica, chromic oxide, and chromyl chloride are formed. 

A. J. Bejrfon and L. Fourfner said that the reaction takes place at ordinary temp, 
when an unstubhubrow^ compound, CVijOClj, is formed. The reaction with a dil. 
sqln. of sodiupi hydroxide is represented: 3Na0H+SiHCl3-f-H20---=Si(0H)4 
-4"3NaCl-|-Hf. Tri(;hloro8ilane does not react when heated with silver fluoride or 
letftl flvoride ; but with stannic fluoride or titanic fluoride, trifluosilane is formed. 

• Tric/ilorosilane/ts miscible in all proportions with silicon, tin, and titanium tetra- 
chlorides. A. Stock and F, Zeidfbr found aluminium chloride has no actfvon at 175°, 

• F. Jicngfeld^ thought that silicomethylene chloride, or dichlorosilicomethane, 
or dichlorosilane, SiH2Cl2, was formed as a by-product in the preparation of tri- 
chlorosilane. A. J. Besson and L. Fournier obtained this compound and also 
silicomethyl chloride, or chlorosilicomethane, or monochlorosilane, SiHsC'l, by 
passing dry hydrogen chloride over heated amorphous silicon, and absfrbing t«he 
products in silicon tetrachloride cooled by means of solid crfrbon dioxide. By 
fractional distillation of tlAi soln., the compounds, SiH3Gl, whirfi boils at about 
— 10'* and SiH20l2, which boils at* about 12^ were cbtayned. Both these chlorides 
an^ colourless, mobile liquids, whfch have a larj;e coeff. of expansion, and are 
decomposed by water an^ tlkalies with evolution of hydrogen.'* A sulphur com- 
pound boiling at about —25° wl4S #*180 okained in small quantity ; the formation 
of this is attributed fb the presenge of 8ulplivr*as an impurity in the amorphous 
silicon,^ In an atteiipt to make thesb compounds by passing silicon 'tetrachloride 
vap. over calcium heated to a temp.fbelow redness, the products obtained were 
hydrogen, hydrogen chloride, ^ilico‘chloro^opn, colcium chloride, and either calcium 
silicide or a» amorphr^us silicon, depending on the temp. At a relatively loip t^mp. 
and with excess calciuYn hydrijde, calcium silicide i^ formed, whereas at i higher 
temp, and with cx^oss of silicon tetrachloride, •abiorphous silicon is obtained. 
According to A. Bfbck and F. Zeidler, withfwater, apd ammonia, monochlorosilane , 
yields respectively the su|)kances (SiH3)20 and,.(SiH3)3N, which are unimolccular 
and volatile. According to A. Stock and C. Somiesky, nibnochlorosilanc and silver 
cyanide at 1 50°^yield hydrogen cyanide an*H (^anogep as gaseous products. At 300°, 
mon6chloro8ilaho is decomposen silver, sul\)hide into non-volatile silicon com- 
epounds, hydrogen*^ and hydrogen sulphide. Monochlorosilane an^ hydrogen 
sulphide* at 150° in the presence of alunitwum ‘chloride give hydrogen, dichloro- 
montosilane, and a' volatile compound containing a’dphii/— pdfesibly SiHs.gH or 
(81113)28,, The main products of the action of sodium Imalgam on dichloromono- 
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silane* are monosilane and the unsat., yellow* polymerized hydride, (Sill),. The 
course of the reaction is reyesented % the .equations SiH2Cl2“f4Na~ SiHgNa., . 
+2NaCl; «iH2Na2+mercury-»SiH2-fsodjhi» amalga’l^; 3Sip2->»SiH4-f 
A. Stock ^d F. Z^idler found that^when the dichlQjr5-coni})ound is treated with 
water, and.ammoma^it gives respectivef^t the products SiHoO ^nd SiH.^ : NH, 
which can be prgseiiv^ for a time in the volatile lt)rm wij^ low mol. wi, but 
rapidly become associated to non-volatile polymerides.** Triehlorosilane yields 
respectively (Si0H)20,* and (NH : SiH).,NM ; and tetrachlojosilane,* respectively 
S4()H)20, and Si(NH2)2NH. R. Wintgen represented the vfip. ])ress., p, of nwno- 
chlorosilane ^^d dichlorosil^noi respectively by log pV-;^-?62r)l- 11481 T”*, and 
logp=7’8001 — 1378'8r^i ; the latent heM of vaporization by 5248 And cals. ; 
the mol. heat of vaporizatioif at 0^ Iv. b^ 6.T29-9 cals, and 5929 5 cals. ; and at T'" K., 
by 4802 cals, and*6016 cals.*; and Trouton s con.siirtt by 19-f ^ivl 21 4. . 

Th$ homolOCfOUS seriQ^ of the chlorine derifatffesijf the silanes, Sirt(’l2«.|-2* 
been followed as far as 6 : • • 

• ^iCl, SijCI, 8I3CI, SiAo Vhi 

B.p. . . 66-9“ Ur 210" 150" 1 90" (15 mm.) Sublimos 200" 

L. Troost and P. Hautefeyille ® •pre])ared hexachloro8ilico0thane» or htxachloro- 

disflane, or perchtorosUkoethane, by passing tlni vap. of silicon W'trachloride 
over white-hot silicon, contained jn a jwreelavi tube,jind byVooling the products 
rapidly. The hexachlorodisilane is separtfVed by fraction AlJlistillatioiP from the 
unchanged tetrachloride and other silicon chlorides. L. Gattern#ann and K . Weinleg* 
obtained hexachlorosilane by fractionating the jiroductif obtained by tluVaction of 
chlorine on the crude silicon obtained by reducing (juar^z'sand with magnesium. 
50 grms. of crude silicon tetrachloride so obtained furnished 10, grins, of liex^i- 
chlorodisilane. C. Friedel obtained this comjxiund by the action (ff chlori raison 
the corresponding iodide, Si2l5 ; and (h Friedel and A. Ladenburg, by gent ly" heat- 
ing a mixture of this iodide with mercuric chloride. A. J. Besson Snd L. Fou|nier 
obtained fcxaclilorodisilane by the fractional dMillation of thi; complex liquid 
obtained by the action of the electrical discharge on*a mixture of dry hydrogeh 
and silicon tetrachloride. 

L. Troost and P. Hautefeiiille showed that th(‘ hexachlorodisilane is not fornu'd 
by the action of the vap. of silicon tetrachloride on silicon below 250®, and the va]). 
ofjiexachlprodisilane is not decomposed at this tern]). This is regarded by IV Duhem 
as me region des femx ^quilibres. At 350®, the vap. k decomposed very slowly and 
the action is limited : 2Si2Cle^5SiCl4 f Si. The ch^iosit of silicon is scarcely 
appreciable after 24 lirs. Jheceverse Action is (fuite inappreciable. As the temp, 
is raised, the decomposition oi the hexachloftiiisilane become^ more and more 
marked— at 444)®,«the decomposition 
is marked, and at 800®, complete, 

On the other hand, the decomposit^qi* | 

IS partial at^OOO®, and at this temp, ; 
the tetrachloride unites with silicoy to ^ 
formthexachlorodisilane. The obier- ^55^ | 
vati^ni^of L. Troost and P. Haiite- 
feuille are illustrated graphically by 
Fig. 201, due to P, Duheift^.viV/c 
volatility of silicon. * In tlvJ p/epafa- 


tion of hexachlorodisilaue the ry*,ed 
for rapid cooling past ‘the region 
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^emperdtures 


tor ra,ua rne reg,.„ . j. co*n<ytion. of Hexo- 

of complete decotoposition w;l be d.lo^Mane (Dmgra«m»tio). , 

apparent. The diagram also explains , • . • 


how during the. passage of silicon tetraffiiorid^* o; d^trachfcride over heated 4 
silicon, an annular deposit of cry*tallii« silicon is formed about that paA of the 
porcelain tube wfifch i^ just^below red heat in the case tf the tetrafiuoridef ^nd 
when the temp, is 500®-8QP® in the case of the tetiachloride. 
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Hexachlorodisilane is a., colourless fuming liquid at ordinary temp. L. Troost 
and P. Hautefeuille gave 1‘58 for ihe sp. 'gr. at 0 ° ; ^G. Martin, 1*5624 at 15'^/4° ; 
and for the vap. density, 9;7 atf239°pwnen the theoretical value for Si 2 tle is 9'29. 
The ().p. is 146°-14S^.'‘ G. Martin gave for th^b.p. at different'^press., p^mm. : 

p . .12* 20 60 r05 130 160^ / 200 ‘ 760 

B.pA . 40° , 50° * »o5° 84° 9^^ ' 95° 102° 144°-146-5° 

L. Troost arid P. Hautefeuille found tliat hexachlorodisilane freezes —14° to 
largo tabular crystals rcisembling those of boric acid. L. Gattermann and K. W^inl^g 
gave — r for the m.p. of the crystals ; %nd 1*45 for tjie index of r^raction in red 
light. G. Martin gave 7'4748 at 18° for the i)-line. P. Pascal studied the magnetic 
susceptibility of this com})ound. L. ifoost and P. flautefeuille found that the 
heated yap. of h<^;c 4 cklorodisilaif’‘, inflames lit air ; and that the* liquid in contact 
with water dOcvmposes, forming sittco-oxalic acid and Ijydrochloric acid:‘ Si 2 Cl 6 
d-4H20 - HOOSi.8iOOH-|-(tH(d ^nd with soln. of afnmonia or potassium 
hydroxidflf^ilioic acid is formed since silico-oxalic acid is decomjios^d by alkalies : 
Si 2 ClgP 6 HiiO— 2 H 2 SiO;;i 4 ; 6 H(d^H 2 . G. Martin showed that hexachlorodisilane 
reacts witji chlorine Si 2 CI(j-kCl 2 "- 2 SiCl 4 . With gnseous ammonia it forms hexa- 
chlorododeqamminodisilane, Si 2 (no.l 2 NHjf,*which begins to fose Ammonia at 1(X)°, 
and is slowly (hicom-posed by water. According i-o A. J. Besson, phosphine is 
reduced by iK'xacjlibradisilanO at —^ 0 °, forming a solid phosphorus hydride. 
Jj. Gattermann and,lV:, Weinleg found that with sodium and chlorobenzene, tetra- 
phenylsiljiton, not liexa{)konylHilicon, is formed. When silicon tetrachloride is 
poured into absoliite alcohol, there appears to be a momentary evolution of heat 
followed by a jxiwerful pooling action. The cooling appears to be a secondary effect 
due to the rapifl evolution of a large amount of hydrogen chloride, so that the heat 
of the^phe-mical actjpn is masked by the cooling due to the passage of dissolved 
hydrogen chlorhh*, into the gaseous state. In the case of the hexachlorodisilane, 
the cooling is so great that hoai -frost collects on the side of the reaction vessel. 
With silicon tetrachloride, .ethyl orthosilicate, Si(OC2H5)4, b.p. 160°, is formed. 
G. Martin has isolated six substitution derivatives from the products of the 
reaction between hexachlorodisilane and alcohol. Some properties of these com- 
pounds are indicated in Table XXXVI. 


'Paule XXXVI. -Ethoxy-diorivativks of Hexachlorodisilane. 


Compound. 

Formula. ■’ 

C 

,B.p. 

(<d4 inn.). 

Sp. gr. 
If)"- 20“. 

Refractivo 
inde.x 7>-Hno 
14-5“. 

Hexachlorodisilane . 

Si, Cl, ’ 

60-5° 

1-502 . 

1*4748 (18°) 

Beiitaohlorethoxydisilane . 

"siici,(oo;ii,i 

84° 

1-388 

1-4668 

Tetraclilorodiethoxydisilane 

Si,Cl,{OC,H,),. 

. 104° 

1-270 

1-4432 

Trichlorotriethoxydisil^ne 

,, si,cu:oo,Hp, 

122° 

MG3 ' 

r 1*4433 

Diohlordvetrethoxydiailane 

Si,Cl,(pCjH5)4 

— 

— 

— 

Chloropentothoxydisilano . 

' SiXl(OC.H4), 

138° 

1-092 

1-4206 

Hexethoxydisilane . . . , 

1 

SiafOCjHjV j' 141° 

0*972 

1*413^’ 


There is a progressive increase in the b.p., a progressive decrease in the sp. gr., 
and in the refract/iVe indices as ‘the* chlorimv atoms are replaced one by one by the 
ethoxy-group, OC 2 H 5 '. The member Si 2 Cl 2 (OC 2 P 6)4 was not obtained pure enough 
for the determination of the constants. Theoretically, there should be a pair of 
isomeric forms f 9 r the third, fourth, and fifth members of the above table, but only 
one form of eacn has, as yet, beft-n obtained. '• 

^ By the rectification between 2 10 ° and 2 15°, of the products of the action of chlorine 
on the crude silicon obtained by the action »f . magnesium on quartz sand, L. Gatter- 
mann and K. Weinleg 7 obtained octochlorotrisilane, or octo^oropropane, .SiaCIg. 
The unrectified product, consisting mainly of silicon tetiBchloride and hexachloro- 
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disil^ne," contains 0‘5-l‘0 per cent, of octochlftrotrisilano. According to L. Gaiter* 
mann and E. Ellery, and C. Combes, |ts formation depends on the presence of 
magnesiup s^cide in the cAido silicon. Besson and L. Fournier obtained 

octochlorodisilane by the fractional distillation of the bomplc^ liquid obtaiiibd by 
theaction*of the electrical dfechargion aiiuixlure oflTydrogen anil trichlorosilane. 
Octochlorosilane is I lolourlesj^ liquid and, accqjdi^g to L. Gattenuann and 

K. Weinleg, haft a*vap. density 13*0 when the theoretica^a'Jfle for SiaCl^ 12*8. 
G, Martin found for tke sp. gr. 1*61 at 11^/4'". According to A. i. Besson and 

L. Fournier, the b.p. is 215''-218°; and (T. Martin found the )).p. at a jjress., 

p mifi. : • , ^ • • 

^ • • • 

• • • 

p . 17 30 . GO ^ UO 110 7G0 

ap. . 100" 113" • 120" iV 143" 140" 210-213 

• • •* 

A. J.* Besson and L. Fournier obtained, a^tew* sqlidity:^tion, |la' nip. - or'* 
L. Gattermann and Kf Weinleg found the indtjx of fefractioii hir red light to be 
1*52 ; and Gt IVfertin, 1*5135 at for Na-Iight. This subst^^wnn^s quickly 
decomposed by water, and, if the temp, be about 0'^ mesosilico-oxalic acid is formed ; * 
Si3Cl8-f-6H20-8HCH-H00Si.tii(0H)o.Si()01L . • . ^ 

•A. J. Besson find •!(. Fournier foiinckthat the silicon chlorides obtained by the 
action of an electric discharge on silicochloroform an* of the sat. stales, so that 
the action which occurs in an afm. of hydfo|en of df hyduogen chloriih^ is accom- 
panied by a liberation of hydrogen ami hydrogen chlorid;^.* The fraction of th^ 
product intermediate between S12CIQ and Si^fl^ shows,. hovi^^ver, an ^undoubted 
deficit of chlorine, and may contain .small quantities *0! unsatiirated chlorides. 
The mixture of silicon tetrachloride and dichlorosilane obtained liy acting on 
amorphous silicon with hydrogen chloride, wdien submitted to the idcqtric discharjje, 
seems to give the same mixture of sat. compounds hist cad j)f unsat. Kubstarces. 
Seemingly, the excess of hydrogen chloride acts on the unsat. siliciwi chlorides with , 
the libera^on of hydrogen. By the action of the electric discharge on hydfog^m 
and silicon tetrachloride, a mixture of sat. silicon chlqridcs is produced, which arp, 
however, present in proportions differing from those in the mixture just described. 
The fractional distillation of the mixture of silicon chlorides obtained by the action 
of the electrical discharge on a mixture of hydrogen and silicon tetrachloride, 
after separating the tctrachlorosilane, hcxacldorosilanc, and octochloroti4silanc, 
fifmishecf decach^rosilicobutane or decachlorotetrasilane, 814^1 10* 
liquid, boiling ^ 149"-151^ andii5 min. The liquhbfumes in the air, is readily 
decomposed by water, forming a whiU* product resembling silica, and often gives 
off s{)arks and ignites wflen jgently rubbcil. #Thcy nlso obtaij^ed d(^6Cachloro- 
silicoppntmie» or dodecachloropentasi||uie, BisGli-^, as a^cry viscous liijuid boiling 
at about 190' *and 15 mm. ; and tetradepachloro§4ic<)hezane» or Ae^^ecachloro- 
hexasilane, Si^’lj4, as a white solid, fuelting at 170° with (kcomposition, and 8ul3- 
liiuing in vikuo at about 2(X)°. ^T^e sublijiiafo consists of crystals with a waxy 
•consistency, and which are readily decomposed by water giving a white contbustihle 
substance. After the above-nanjid conqioundi hiwe been removed by [irolonged 
heating at 200°-210° in a vacuum, thete remains % ifolkf, jeddish-yellow, glassy 
mass, which is almost entirely soluble in light petrohnim or carbon tetracldoride, 
and is apparently a mixture <5 a number of chloriifes. ^ 

The silicon OXyehlori^es.“Tbe reg,ction between suljihur tuioxide and carbon 
tetrachloride furnishes phosgene, CO('l2, .aiftl pyrosiflphuryl chloride, I^, 

if no moisture be present : 2S(/3-J“(X!l4^GQGl.^S205('1.2 ; and in tlie jiresoiice 
of moisture sonie*chloro8ulphonic acid ns formea. .According tq G. Gustavsoii,® 
silicon tetrachloride furnishes ^yropulphuryl c^loiide when it reaifts with sijjihur 
trioxide. C. R. ^Sanger and E. R. Riegel,Hiowcver,M^vo shown that there is no^ 
sign of tWe formation of silicophosgeM^ or sili^yl chloride y 8^0012, analogous to 
phosgene, or caAJnyl chloride, COClJ. Sulphur trioxid^ is •dissolved by silicon 
tetrachloride, and at oVd^fy temp, reacts ver^ slowly, but at 50 ‘ the reaction 
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is quicker (5-6 hrs.), and when the«product is distilled at atm. press, a fujning 
liquid is obtained between 135° and 150^ which reacts vigorously with water. 
The indefiniteness of the b.p, sucgerftj that the distillate is a mixture ; but the con- 
stituents have not been separated. Analyses and the b.p. of artificial mixtures 
indicate that the product edhtains pyrosulpliuryl chloride, S2O6CI2, &nd silicon 
oxychloride, SigOClg, in eqjiimolar pro|)ortion8. ^ This is Confirmed by redistilla- 
tion f A)ra a great exccf^^ of phosphorus pentoxide or of sodium" chloride, whereby 
the silicon is largely decomposed and aj impure pyrosulphuryl chloride is. formed. 
The main reaction between sulphur trioxide and ‘silicon tetrachloride is therefore 
symHolized; 2S()3+2SijCl.,=S20jCl2+Si20CI„ and not 2Sa3+»:Cl4=S206C\ 
-fSiOCl^ The^fraction which distils below 135° is a mixture of silicon tetrachloride 
and sulphur trioxide. If a mixture of th/- reacting constituents be allowed to stand 
for three summer moqfhs, a cqng^derable aniount of sHica separates, and the dis- 
tillate coxtain^ an'eicess of'^jjyryjiulphuryl chloride, accordingly, after the reaction 
2&03~|-2SiCl4—6i20Cle-f 82^^12 i when the sulphur tribxide is in excess, it is 
assumed a consecutive reactibn occurs : Si20ClQ4 6S03=2S^02'f 3S2O6CI2. 

, ' The first sificon oxychloride « was made by C. Friedcd and A. Ladenbuirg ® by 
passing thevap. of silicon tetrachloride through a porcelain tube packed withfrag- 
nients of fUspar, and heated to whiteness., Jhc condensed liquid was fractionally 
distilled to free it from unchanged silicon chloride. The required fraction was 
collected between 136°^ and ^139°. Th^ composition corresponded with silicon 
oxychloride,,, or heiacldorodisiloxane, Si20Cl3, or (81013)20. C. R. Sanger and 
IC. R. Rie^jel found V/his oxychloride among the products of the action of liquid 
sulphur tf (oxide on silipo/i tetrachloride — vide supra. L. Troost and P. Haute- 
feuillo made it by passing a mixture of chlorine with one-half or one-fifth its vol. of 
oxygen, overcryitalline silicon, when a mixture of silicon oxychlorides and chlorides 
is qblaincd. fho heat evolved is sufficient to continue the reaction when once 
it has Commenced. ' Too high a temp, is to be avoided, since the vap. of the 
dichbrido and oxychlorides form thick cloud which is only condensed ^>vith diffi- 
culty. The action of the mixture on silicon is not so violent as that of chlorine 
alone ; but it is not known whether silicon tetrachloride is first formed and chlorine 
afterwards displaced in it, or the oxygen and chloride both unite directly with the 
silicon. A. J. Resson and L. Fournier prepared hexachlorodisiloxane and some 
of the ‘Other oxychlorides by the action of oxygen or chromic acid on trichloro- 
silane. A. Stock and co-workers obtained it by the action of chlqrine on disiloxarie, 
(81113)20, which is vigorous even at —125°. The^irimary product may be isolated, 
but nmst of it decomposes into silica and silicon tetrachloride : 4(SiCl3)20=2Si02 
-h6SiCl4. H. N. ^tokes tried unsuQ'’essfully to make thiS compound by the action 
of phosphoryl chloride on the chlo^ohydrins of ethyt ortho- and di-silicates. Hexa- 
chlorodisiloxano is a colourless, limpid, fuming liquid ; and the vap. d^^nsity, 10‘05, 
obtained by C. Friedel^and A. Ladehburg, is v Ty close to the value 9’86 calculated 
for Si20Clfl. The constitution is therefore likely to be C^Si.O.SiCls.' The liquid 
boils at 137° to 138°, and A. Stock and co-workers obtained 137° at 760 mm. for the 
b.p., and —33° for the m.p. R, Wint^engave for the vap. press., p, of hexachloro- 
disiloxane, logp— 8‘293G— 2197‘4r^i ; 10041 cah. for the latent heat of vaporiza- 
tion ; 11,174 7 cals, for the mol. heat of vaporization at 0° K., and 8868 cals, at 
T° K. ; and 2*16 for Trputon’s constant. C. Fried^Land A. Lailenburg found that 
the compound can,be Tieated murdi above its bp. without decomposition, but it 
is decomposed on exposure to air^ and vigorously when in contact with water, 
forming silicic and hydrockloric acids ; it is miscible in alt proportions with carbon 
disulphide., carbon tQtrachlo|;ide, cnloro/prm, silicon tetrachloride, and ether ; 
but with absoln'te alcohol it ff^ms hexethoxvdisiloxane : (SiCl3)20-[-6C2H50H 
=6Hfcl-f-Si20(0C2^5)fi ; and with zinc^thyl at 180°, its reaction is supposed to be 
accorcj with the liquations, (SlCl3)20-i-4Zn(CaH5)2=2Si(C2H*)4-fZnO-h3ZnCl2, 
and (SiCl3)20-f 3Zn(C2H6)2="3ZnCl2-fSia0(t)2H5)6. According^^to C. R. Sanger 
and E. R. Riegel, hexachlorodisiloxane and pyrosalj^huryl chloride appear to 
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form a (impound on warming, which solidifi^ 


two Substances solidifies about —38'^. 
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at —YS'' ; a simple mixture of tlie 


L 


A number of the less viilatilc oxychjprides was found to accompany hexa- 
chlorodisilane*; amj 1 j. Troost and P. Ha^itefhuilhf foiiud tlia^the best motltixl of 
preparing Jrbem was by the, direct lactiop of oxygi^kon hexachlorosiloxane. A 
mixture of» oxygen 8|u4 vap. of hexachhwodisiloxane was passAl several times 
backwards and -forwards thrc^iglf a glass tube fillefi \fith fraj#ments of poi^elain, 
and heated by a gas-fiynace. At the end of tlie operatiofi, a liquid jvas obtained, 
containinf, besides the excess of hexachl^rodisiloxane emokiyed, a whole series 
0^ osychlorid^ of silicon. They were se[)arate(l, theij; p(Tcentag(‘ conqaisifions, 
and their condensation in the •state of Vapour at 1 11)'' were determined. Some 


SiOaOCl, 

Si0403Cl,a 

• SigOjoCiia 

(SiaOaCb),, 

(Si40,Cb)» 

s * « * • 

There is no actual evidence of the constitution of thesi^ compounds. •^Ilie s(‘cond, 

decachlorotetrasiloxane, (SiCl doiLd'^iLl^lji^arid tha third, qptpchlorotetr^iloxiwe, 

(81012)404, in the list may be n'lated to tlM‘ plnmyl <lerivative^T(^})ared by K. 8. Kip-, 
ping, and represented : * • • ^ * 


are as toilers : 

•• ft • 

• • 

Vap^iU'iiHlty iit 440®. 

B.p. • 

Fouiiil. '• • 

^ ThcH'iy. 

i36‘’-i:t9‘’ • •• 

•po-iS) 

* ' 9 ’86 

162“~164^ . . 

— 

— 

. 198 ' 202 ' 

15*5 


c. 3tHl^ • 

31 2 

280 

<400' 

•— 

— 

(l^ohd) 440'’ 

• — • 



CljSLO.vSiCla 


((^;H6)«8i.().Si((^eH,).> 


0 o O 

Cl28i.0.8iCl3 CljSi.O.Sid, 

D<‘caclUorot<'tra- Ootwhloron^tm* * * 

slloxane, SI4O3CIJ0. kiIoxuih!, SipigCIg. Hiloxiuie, ^ 

The fourth memls'r, dodecachloro-octosiloxanej (8iOl2).t(^i^'l)40io, Hiay e^nsiiit 
of two rings of tlie preceding member of the seriivs united by oxygen atoms: 

(l2Si.().Si.(H().Si(10.SiCl., 

() 0 0 () 

COSi.O.SiOl.O.SiOl.O.SiClj 

f • Jlodecachloro oftoBlloxiuic, HigOj^Clij. 

The mol. wt. of tfie other two meiiTbers of the series an^-unknown. The complexity 
of the oxychlorides recalls that®of the complex sflicic acids and of the silicate^. 

* ^ • *• 
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^ 58. The Silicon Bromides 

G. iS. Senillas > made silicon tetrabromide, or tetrarbomosilane, Silir^, by 

pa.ssiiig the vap. of bromiiio over a red-hot intiinale ini.xturo of sdica and earlioii. 
J. j5. R(^ynblds niacl^^ the carbon-.silica mixture from jielhds of ndica and Hyruji of 
sugar, dri(;d, and ignited. J. K. Kevnolds purified the erudi' proiluct by jiassing dry 
hydrogen through the liquid to r^miovo ivo.st of tl^; fn‘e bromine ; and the product 
was then shaken up with ftietaljic; moreury. Whe liijuid was tben sidijcrted to 
fractional ejistillati^n, and the fraction ^boiling at* 15.3’ (jplleeteil. (J. P. Baxter 
and co-worker« clescribed the purilieatioi^ of siliei^^i tetrabromide ^for their work^ 
on the at. wt, of silicon, • • 

,?]. Lay sa#l that only a poor yi( 1 d was ^ibfiiined by jiassyig bromine over a 
fixture of freshly precipitat(*d silica ami ejrhon. J^. (ilattermaim made tiilieon 
tetrabromide by passing bromine Jap. over tin# eniile silicon made by nMincing 
quartz* sand with magnesium. The^liipifd! whieli Wrisfolfeeted^n a r(‘eejver cooled 
• with i!le and salt, was purified by fractional distillation ; sliakuig with imTcury ; and 
redistilling. M. Blix made, the fkiyi pound by the action of bnfvnim* va[). on jnirified 
silicon at a red heat, and he purified tln^^produ^^t b}; digesting it 'with mercury on 
an oil-bath. E. Lay recommended making sjlicdii tettabromide by the action 
of a mixture of bromine mp. andTiydrogen«oi%fcrro-8ili(.^)n at and purifying 
the product by J. E.4Roynold8’s prori'ss.* » is also fnade by passing ^ra])id'curreiit 
of hydrogen bromiiie over silic^ a^ a r<*d hea|, •ml jnirifying tlft products by 
fractional distillation. L. Gattermann touiM that aMj^'tter yi«ld of the tetra- 
bromide is (Obtained by passing Iwdrii^Cjii bromide ovi'r the d’ude silicoA freed 
from magnesia by •gashing with ilil. acid. The product is sc^iarated from the 
accompanying tribromosTla^e ty fractional distilli^tion. (T. Giistavson obtained 
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silicon tetrabromide as a product of tho action of silicon tetlracJiloride on carbon 
tetrabromide. A. J. Besson and'Ji. Foilrnier found silicon tetrabromide among 
the nroducts of the action^ flf ele|trteal discharge on tribromosila^e.% 

Silicon tetrabromide is a J^avy coloufless liquid which evolvtjs dense white fumes 
when exposed ito air. TEc ethereal^l3douf in G.*S. Solas’ preparation was 
attril^ted to the presence ff ^rbon tetrabromidf. I. fidirg gave 2'9128 for the 
sp. gr. at 0*^ ; J. fc? Kcynolds, 2‘82 ; G. Abati, 2'77223 at 23‘5^. G, S. S(5rullas 
gave 148''-lb0° for the b.p. ; J. E. Ifcynolds, 153° ; L. Gattermann, d53°-154° ; 
G. Abati, 153’4°at ?'il’4 mm. ; and M. Blix, 150'8° at 751*4 mm. G. S. SeruJJas 
said that the liquid freoKcs'at ~ 12° to — 15° ; and J4. Blix gave 5° fof»the m.p.'of the 
solid. V. M. Guldberg gave 383° for the critical temp. J. I. Pierre found the voL. 
V, which unit vol. of liquid acquires It ^° is v— l->O3S5257244O^-fO*O0756742^^ 
+0*09292074^^ ; .oj ihe ciieff. #f expansi&t at 20° i9 O O 3983 . ‘ X J. Saslawsky 
fAudied the rdlaition between.thf*3oil!. of expansion and the structure. M. Bftrthelot 
gave for the heat of formation \dtli crystalline silicon and* liquid bromine Si+4Br 
Cals. ; and with SiBr 4 g^, 858 Cals. G. Abati ^avc for the indices 
of refraction, 1*55820 for^thc /fa-line; 1*57410 for the l*5626f for the 

7i-line ; 4 nid 1 *58370 4or tlr. /fy-line ; for the m«l. refraction for the //a-line with 
th(‘. n-foriniila, 70 07 ; and with the n2-f(f|-fhula, 40*48 ; and foi*the sp. dispci^ion, 

The general [u^fefties oT tfie tetradiromide resemble those of the tetrachloride ; 
but, unlike silicor^i^trachloride, A. J. Besson and L. Fournier found that when 
the tetrifbromide is mixed with hydrogim, and subjected to the electrical discharge, 
there is very liUle dh^nge. C. Friedcl and A. Ladenburg found that oxygen 
Recomposes tlyi vap.«of silicon tetrabromide. According to G. S. Smillas, water 
rajRdly dectmposes silicon tetrabromide with a considerable rise of temp. ; the 
hydrolysis is acc(vnpanie(i by the formation of silicic and hydrobromic acids. 
M^lerthelot gave SiBr 4 ]i,j.+ 2 H 204 Aq.— Si(). 2 a.i.'f 4 HBr+ 85*8 Cals. A. J. Besson 
showed that when distilled with todinc, with or without hydrogen, over heated silicon, 
•bromoiodides an*, formed ; and with dry hydrogen iodide, at a red heat, silicon bromo- 
iodide is produced. M. Blix found that hydrogen sulphide is without action on 
the liquid tetrabromide ; G. S. Serullas, that under sulphuric acid, the tetrabromide 
is resolved into silica and bromine in the course of a few days; and A. J. Be.sson, 
that silicon tetrabromide absorbs ammonia, forming white amorpjious silicon 
hepUimminoletrahromide, SiBr 4 . 7 NH 3 , which is decomposed Jiy water. E. tjay 
could not make the heptaimmino-com})ound, bftt by mixing amivonia with the vap. 
of sflicon tetrabromide, diluted \fith hydrogen to keep down the temp., he obtained 
silicon hexam^^otetrabromiR^ SiBr 4 . 6 NH 3 and^ the same compound was 
obtained by the actioned ^mmonia on a foln. of silicon tetrabromide v\ benzene. 

• The white pulverulent hexanAni^e has Asp. gr. 2*307 at 17°. It is slowly decomposed 
by exposure to moist* air; and wh^n heated, t)pt|i bromine and ammonia are given off. 
All the bromine can he expelled heatrig the hexammine to 900° in a stream of ammonia, 
or carbon dioxide. Lead peroxide is reduced to lead ; and, when heated with potassiuln 
chlorate, there is a vigorous ^ roac^ion^ and muck bromine is evolved. Two mols. of 
ammonia are lost in contact >jath water— sjoy^ly ift the cold, rapidly when heated ; with 
boiling alkali-lye, ammonia is evolved; cone, mtric acid reacts vigorously/ nriying ofl 
bromine and nitrogen •oxides ; and when heated with cone, sulphuric acid, bromine it 
given off : Sil 3 r 4 (NH,^, 4 - 5 H,SD 4 =Si(OH) 4 + 3 (NH^) 45 S 044 - 2 Br,+ 2 SO,. 

A. J. Bessoh" found that *sflifcn tetrcbroihiSc Js .withoift action on phosphim 
under ordinary press., even at‘thc«f.|). ; but after repeated compression, and main 
taining the prws. for several ^hoMrs, a colourless liquid is formed which becomci 
white and ogaque,* and changes into VnT amorphous white 'Vjolid. As shown 
J.‘E. Reynolds, silicon t^itTSibxomide (orrt-a aSditive compounds with variouj 
organic bases, ahiline, taid th^o- and alkylated ureas. G. 8 . Serullas noted tha 
when gently heated with pot-assium, thetkcxaiftmine explode^ violently and break 
t'hb glass containing ^/essel. C. Friedel and A. ladenburg found that , with lea< 
oxide 250°, lead bromide and silicate are formed. yV. J. Besson obtained yelloi? 
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LSe «^ok?iir n “« 'T? t^rabrojhide and tribro.nasilano, Tl». «xy- 

hydtobromic’and ffllicicad? "“T*’ '» *»»« into 

case’of silicon tetracrtork^ a coniplcfe’ scries of bvdroxen siibstitu- 

been obtfinod^witl^silil 

B.p;*. . .‘few , Tn'”» *‘”(r> Tr ’ Ti‘ 

fl. Buff *1(1 F. Wohler 2 ^lade, siliqpbromolorm, or Wbromosilane, Rill Bra, 
from the products obtained^ passing hydrogen bromide over heaied silk’on as in 
the case of silico-chloroform. A. J. BessAi and L. Fournier used a similar process. 
They found that^8 per cenf. of the li^tiid eonsist^l«of ^ilico^i tet^rabromide and the 
remaltiing 2 per cent, co^nsisted of the tri- ai*(l fii-lijroimjfrilanes. ^,The fompoujul 
was purified by shakin| it with mercury, and b}^fractfonal distillation. L, (latter- 
mann used the Cfude silicon obtained by reducing ijuartz sand wjtJMiiagneHium, 
after washing out the magnesia with dil. acid ; afld ('. (\)mbes used copjier siHcide* 
containing 20 per cent, of silicon. T1 h‘ pif'jiaration pf*thi^ bromide bj 0. Hull’s 
m<?thod used for*tri-h)dos*ilane was ui/«»tisfactory Ix'causf' tribromosilaiu' and ben- 
zene boil so close together that tiny cannot be siyarated byiractionat distillation. 
The colourless, fuming, licpiid tribromosildne, act^utling .1. Ih‘ss*>n. ignites 
spontaneously in air. H. Bull and ¥. Wohler found the s||rgr. of tln^lifjuid to 1)4 
2‘5 ; and L. Gattermanii, 2*7 at 17°. The Ihtter sayl.thaf the pri'faration of 
H. Buff and F. Wohler was jirobably imjmre. A. J. Bi'fswn said that in a neutral 
atm., tribroniosilane boils without decomjiosirton at 109°' |ltr.* A. J. Ih^sson and 
L. Fournier gave 110”- 122°, and L. Oattermann, 115' -117”. A* J^. Besson sftid 
that the Ihpiid does not freeze at —60°. Tribroniosilane is di‘com])os(Hl by wiitcr, 
and if the mixture be kept cool, silicoformic anhyffride is prod«c(‘d. iT reacts , 
with iodii^' forming silicon tribromoiodiih*. It K'acts (MUTgetically with umiffoiya 
with the dev(‘lopment of heat and light, Imt the wlpte prmluct contains silicoy, 
hydrogen, and ammonia. Phosphine does not combine with tribronuisilane at 
— 40” und(T ordinary pr(‘ss., but at 15’ ami 25 atm. jiress., it producf‘s a white 
solid pfiosph lit eiri hro mos il ane. 

A. ,T. ^Besson and L. Fournier obtained dibromosilane, or silicomethylene 
bfomide, or dibjpmosilicomethane, SiH^Br.^, as indicated above, from the 
products of the,action of hydrogtm liromide on red-hot silicon. Uiuh'r ordinary 


conditions the reaction between bromine and i^ane is very violent, but A. •Stock 
and C. Somiesky found that if aiy excess of gas ij#led into a large viyssel on t he walls of" 
which^olvi brc^miiie is deposited, and tjjc temp, maintained at abo*ut - 80'' to - 70”, 
the mono- dnd di-bromides can be. o^taiiuM^ c^unp^ratively fjee from silicon 
tetrabromidc and tribroniosilane The products can be feparated and jiurific^ 
by fractionli distillation. A. J. ftesson andiLTFoimuier found dibromosihine to be 
*a mobile, highly refracting, colourless, fumiyig liquid which inflames spontaneously 
wheij exposed to air. A. Stock ajid ('. Somiesky foiind that it can Ix^ kept a long 
time thoroughly dried vessels • am^ that the sp.^r.*of tlm lifjuid is 2*17 at 0”. 
A. J. Beason and L. Foiirniei; gave c. 75” for the b.p., and A.«Stock andth Somiesky, 
66” at 760 mm., or 18° at lA # 01111 . The ni.}>. is—70'r.% R. Win’tgen gave for 
the vap. press., p, 6f dibjjpmo^ladie, k>g p -^,'11^42— 1620' 27 ’tI ; for th(‘, latent 
heat of vaporization, 74p5 cSls. The liquid % wry sensitive to moisture, and is 
decomposed by water into hydrolyomic aei<l# and a sfllid, (Sillj^Ob. Alkali-lye 
decomposes it in aecord with SiH 2 Br 2 H- 4 AaOH=^^Hj-f 2 NaBr-|^a 5 ,Si().ff H^O. 

A. J. Besson artd L. Fournift ob^ined evidej^csiof silicomethyl vromide* EDOno- 
bromosilane, or Ji^romosilicometliane, fiiHjBr, in the [ow-boiling products of the 
action of liydrogen bromide on r#d-h#J^ilic()n ; fnd, as indiccAed above, A. Stock 
and C. Somieskjfi isolated it from the products of the action of silane on^olid 
bromine at —80” to — Jtt ordinary temp., m^nobromosilane is a colourless^as 
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with a pungent odour reminiscent of sfiane. . The liquid has a sp. gr. 1 *633 St 0" ; it 
boils at 1-9° and 760 mm.; ils m.p. is -94l R. Wintgen gave for the vap. press.. 

of monobromosilanc, logp^7’5243— ]^7o*5T"^ ; fof the latent heat o^vaporiza- 
tion, S83i cals. ; fof the nfol. beat of vaporization at 0° K., 5386*0 ‘cals., and at 
r K., 5862 cals^ ; and for ^^outon’s coistaift, 21‘3» It maj’^be preserved over 
inercu^ for some tinio, but Jt detonated on expo|ure to tto ^jving ^ihcic acid 
and brown silicon. jjqgcts with cold water according to the equhtion: 2 SiH 3 Br 
+EjO==^r2HBf l-(SiH 3 ) 20 ; whilst it nmy be analyzed by fneasuring tje vol. of 
hydrogen produced utider treatment with 30 per vent, sodium hydroxide, accord- 
ing to tlw equation : Si{f 3 Rr'l- 3 Na 0 H= 3 H 2 -|-NaBrd'Na 2 Si 03 ., m * ^ 

A (a)]ij)lete jeries of siRcon chlorobroAides has1be(fn obtained ranging between 
the extremes silicon tetrachloride and te|rabromide : , • 

, . r • SlBrt • • 8i(;iBr.j ** SlCl^Br/ SlcfgBr 8ICI4 

, n.p. . . ^0-8^. •• • 127^* 104" ^ 80° 

(j. S. obtained chlcftofribromosilane, HiOlBra, as^i by-proiluct in 

•tRe manufacture of the tetrabr<«nide, and J. E. Reynolds found it to be present 
in the fraction boding ^et^een 140*^ and 144'’. A.^I. Besson sej)aratcd it from the 
by-producf in the preparation of the dichlgvdibromide by fiactwnal freezing, »ot 
fractional dittillation.. A, J. Besson and L. Fournier found it among the products 
obtained ty passing .the ele(tmcal djs^iarge thrfiugli a mixture of silicon tetra- 
ijhloride, bromine, atiil hydrogen. All three chlorobromides are formed. The 
dichlorodibromide a^peais^to be the chief constituent of the mixture, and when 
this is sulJlnitted in thepr^isence of hydrogen to the further action of the discharge, 
it undergoes decomposition in accordance with the equation : 2SiCl2Br2— SiClsBr 
-[-H8iClBr3. If t# mixture of the three chlorobromides is treated in the same way, 
dewvTatives of the t;^pe 812X3 a})pear to be formed, but their separation has not 
been satisfactorily accomplis'hed The chlorotribromide apjx^ars as a colourless 
liquffl which fumes in air. J. E, Reynolds gave 2*432 for the sp. gr.^and 10*43 
fyr the vap. density when the value calculated for SiClBr3 is 10*47. A. J. B(‘Sson 
found that it solidified when cooled below —50'' ; anti the m.)). of the solid is 
- 39" ; J. E. Reynolds gave 140" -141'’ for the b.p., and A. .f. Besson, 12()'’- 128". 
When treated with water it rapidly ([(‘composes, forming silicic, hydrochloric, and 
hydrobromic acids. A. J. Jh'sson obtained a white solid silicon hemihenadecam- 
minochlorotribromide) 2SiClBr3.lINH3, which is decom})osed by water. The 
composition may be really ^lat of a hexamminet 

0.#Friedel and A. Ladenburg Jlieated tfichlorosilane and bromine in a sealed 
•tube ov(‘r 100", Ji^id obtained a mixture of trichlorobiMmosilane and dibromodi- 
chlorosilane, SiBf2Fl2> wlych word separated by fractional distillation at a|;)out UX)° ; 
the trichlorobroyiosilane coMects betweeiY/8" and 82". The products are purified 
Ify shaking with merctiry followed by redist illation. A. J. Besson likewise obtained 
it from the j)roduct8 which are i(Vrnjpd whefi & mixture of bromotfichlorosilaije 
and hyelrogen bromi&e is passed through a red-hot porcelain tube ; and, as indi-» 
cated above, A. J. Besson am] L. J^oifrnier fouifd it among the products obtained 
by passing the electrfc diso^iargc througii almixture of silicon tetrachloride, 
bromine, anti hydrogei^ A. J . Besson found that the colourless fuming liquldMoes 
not freeze when cooleji) to —00", and also that ^tjtbils at 103'- 105"; C. Friedel 
and A. Ladenbiirg gave 100"., i^lt iormsjnHcon^pentwnimiwdibromodidUo 
SiBr2Cl2.5NH3, when treakni with *(lry, ammonia. The* white amorphous pentam- 
mine is decomposed by water. It ijlay be a hejftimmine J 

C. Friedel and' A.*Ladenl4ur^ prepa/c^ tridllorobromosilaiw, SiBrClg, as indi- 
cateil above, aid also by drop the calcula^/cd ^lantity of bromine into silicon 
trichiorobydrosulpbide ; thefo is a co()iou5 evolution of hydrogen bromide ; and 
sulphur ibromide is formed*: *SiC!3(HS)-|-3Bi;,=SBr-f HBr-j-SiCl^fir. The product 
is purified by fractional distillation, and* Shaking with mercflJ^^ A. J. Besson 
obtained trichlorobromfisilane by the rectification of tlje products obtaineid when 
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a mixture of hydrcfgen bromide and silicon tetrachloride vapour is passed through 
a red-hot porcelain tube ; and, as indjfated above, A. J. Besson and L. Fournier 
found it *noug the product^ obtained by* p^ssin^ ai> electric discharge through a 
mixture of silicon tetrachloride, bromine*, and hydm^en. *1110 colourh'ss fuining 
liquid wal^found by A. J. B^son mfc to freeze at — oCP. C. Friei]^*! and Laden- 
burg gave* 80° for^tlfe t).p., ^nd|they found that i4.ia decomj)osed by wat^'r into 
silicic, hydrocClonc, and hydrobromic acids. A. J. liasaim obtained a white 
solid, silicon hemihAiadecamminotrichl^obromide, 28iBrCl3.llMi3, which is 
decomposed by water. It may really be a hexammine. ytf also found thal^ with 
pno8*phine, aW° and 25 atm.,yr —22° and 17 atm., a \sjiite addition product Is 
obtained which is decomposed when the temp, is raised. The houologtus series 
of the bromine derivatives*of the silane A‘ries, Si„Br.2n+2, has been followed as far 
4. • ^ ® ^ 

• SUtr, 

M.p. • I*" 'J''’'’ • * '**“ " 

C FriedcM TJiscovored hexabromosilicofit&ne, or perbroma»il»Mthane, oi 
httythUnmndinilimfl . Si.Br^, ill 180!). . (!..Kri(;d.'l and l.adrnburjjinade it Iry tin 
action of bromine on an ('<{. amount of In'.xaiododi.siliyie diysolvod in ciybon dianl 
pWde ; the libertvte^ioirinc was rcm«»cd by decantation ; the solin wa-i abakei 
with mercury ; and the solvent evaporated from the soln., taking care, to excludi 
moisture from the atm. The Solid can fee*. piiriHefl hy B'-aoJn. m eaWnm disiil 
phide, and agitation with merenry. A. .1. B.'.ssoii and I.. J<>.arnier fodiul it amon| 
the products of the action of an electrical disi-harge on Jhe v^p. of tnl..;.mosilane 
H Moissan and A. Holt obtained it by the action of bromine oii vanadium sllicide 
At ordinary temp., hexaehlorodisilane f(.rnis wlule, eryst|flbin' pbite8 which are 

optically biaxial. V. Fricdel and A. Lailenburg .said that it boilS i^. abo i 2f(1 , 
and A.V Besson and B. Fournier gave ‘26.b for the b.ii ijnd do • 

When treated with potash-lye, it dovelopa the theoretical (pianlgy of hydrogin. , 
Its geiicr^ reactions rcsf'mblc thoS(‘ of hcxachlorisilanc. • 

Aecordinv to It Mahn, tlio mlerivolioii of l.romino aiuf Bilaiio furniHljes a liUlo sdieon 
letrarrmnte^, and penUb^modisllan,. 8.dlBr.. wl,..-., 

of bromine by distillation n. a Htream of carbon d.oxule. ‘ ‘ 

cooling furn.sl.es a mass of ..eodlo-l.ko crystals which 

f, ttatl w.tbwau,r give bydroinomn, aeal 

silicon tetrabrormde and trilfroinosilano. # ^ • 

A ’J Tlenidn Slid L. Fourni.T. aftet sej.arating silkoti tet rabromide, lUid I.exa- 
broniodisilane from the products of g.elcti.m tf 

silane obtained colourhias eryst»ls*of octobMPOSiUcopropane, or octobromotn- 
-s'lane, Hi,>g, m.p. 95“, b.p. 285 •. crTst 


l^bromotetaffliane, Sull'-io. >"^l‘ing dec..n.2.o8ition 
resitflie. 


f)f decabfomosilicobutane, 


at 185 ' ; and a yellow 


Rkferenoes. 
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§ 69. Silicon Iodides 

• • 

J. J. Berzelius said tlftit silicon ignited ’in iodine vap. does not absorb any 
iodine. Irf their study of the action of dryjiydrogen iodide*on silicon at a temp, 
above a red Beat, H. ljuff and F. Wohler ^ obtained a product containing hydrogen, 
and they ijj^sigiKul to ij t^lie fontiwla Si.jHJy, which (1 Friedel showed to be a mixture 
yf silicon tetfaiodidft mid tri-iodosilane, and he prepared silicon tetraiodide, tetra- 
lodosilicoi^ethane, ^ tetrjuodo^Uane, 8il4, in a fairly pure condition by passing 
the vap. ^ iodine (uitrainvd in carbon dioxide over red-hot silicon, and purifying 
the sublimate by ifissolving it in carbon disulphide, shaking it with mercury, and 
diitilling the liquid in a* stream of carbon dioxide. L. Gattermanii used the crude 
silUoh obtairuM by rculucing quartz sand with magnesium. A. J, Besson obtained 
silicon fetraiodije mixed with other products by passing silicon chloroiodide, or a 
mjxtOre of silicon tetruchloridi^ a^ul iodine over heated silicon ; and M. Guichard 
prepared it by passing iodine vap. over silicon heated under reduced press, to 
51)0''. 0. Huff found the so*lid residue obtained whim tri-iodosilane is heated to 
300° consists chudly of silicon tetraiodide, which can be isolati'B by sublimation. 

According to Friedel, the vap. of silicon tistraiodide condenses to the solid 
state when cooled to atm. temp., and the compound can bo readily crystallized 
from its soln. in carbon disuljihide. Silicon tetraiodide then furnishes dctahedrtil 
crystals belonging to the cubic system, and th(^ are isomorphous with those of 
carboy tetraiodide. The crystals^are coloprless or tingl'd slightly yellow. The 
-vap. density, 19’ corresponds wit^i 18'5() calculated fo^ Sil4. Silicon tetraiodide 
melts at 120’r)°, ffnd boils at abiAit 290°. Accordfng to M. Berthelot, the heat of 
formation is Siefv8t--}-4IaoiUi* 'Sil4Hoii(i bb’7 Vais., and with the 4rg,a, 33-9 Cals. 
When the compound i^, exposed to iir, it acquires a colour owing to the se])aration 
of iodine ; and water decomposes into silicic? alul hydriodic acids, ^jl. Berthelqt 
gave 8i/4 f-2H20d'^l.-Si0.2ft?,.-| 4Hljjoiu. I H5'7 Cals. When heated in air, the* 
vap. burns with a red flame jvhicJj gfves off iodine vap. With bromine, silicon 
tetraiodide furnishes sihcoA Ijromoiociide f «and 'when heated with finely divided 
silver, it forins hexaitxlodisilane. 100 parts of carbon disulphide at 27° aWolve 
220 parts of silicon tetraiodide.* The tetraiodide re^tts with alcohol with avidity, 
forming not ethyl ^iiiicate, but silicic and hytkiodic acida. and ethyl iodide : 
Sil4+2C2H60=Si0.,-f-2C2H6l-|*^IfC; and with ethev iT does form ethyl siheate : 
Sil4d-4(C2H6)20--=4G,H5USi(0CoHp • 

H. Buff and *F. .Wohler ^obtained lyipjire sUicoiodoIonu^ or tri*iodosilan6» 
SiHL, by passing hydrogen iodyle over silicon at » red heat. €. Friedel phowed 
that the product cqntained about rf [)er, ceift. oi tri-iodosilane ; and that the yield 
^8 much greater if tk^ hydrbgtn if^dide be mixed yith hydrogen in* its passage over 
the heated silicon. , The mixture of cry^tSils of tetraiodosilaAie and liquid tri- 
iodosilane which is foifiied, is separated and the Kqijid •purified by fractional 

ft • • ■ 
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diatillatiftn. 0. Ruff found that tn-iodo 8 il%iie can be obtained by the action 
of hydrogen iodide on silicon imide, Sihll, suipended'in cold carbon tlisulphido : 
SiNH+4^=:SiHl3+NH4l p or more'rejjdily by treating in benzene soln., tri* 
phenylaininos*ilane,.SiH(NHCeH 5 ) 3 , with Jiycftogefl iodide SiH(NHCflH 6)34 6 Hl 
=SiHl 3 + 6 CgH 5 NM 2 «HI. .14 Mahmobtayied a inixAife of silicon tetraiodide and 
tri’iodosikAe by the 4 c|ion of iodine on silane. C. Cornbt's coulifnot n*ako it by 
the action of Itydfogen iodicfe (fn copper silicide. •*Ifi-iodosilane is a ookurless 
liquid wh^h C. FriedeL found to have a sp. gr. about 3‘3t)2 at^O^" and^J’311 at ‘iO"" ; 
0. Ruff gave 3* 286 for the sp.* gr. at 2^, and 8 ^" for tht f.p. Tri-iodosilano 
decomposes f^wly when heated above 150”, liberatiyg Ifydrogeij, and wlitot k 
probably a volatile silicon i(AlollTydride. ^he b.p. is about*220 ’ at 760 miji. press., 
and the temp, of the vap. J05° ; but on ^continued boiling the teinp. slowly rises 
to 300°, and the j'esidue remaining iiythe retort, is inainly silicon tetraiodide. The 
tri-iodosilane can be distilled under reduced })re 8 |. at fOO'^diVd Vi npu. ;.l IT' and 
22 mm. ; 132° and 67intm. ; and at 155° amf l55 nVi. *011 exjfft^ure to air, tlie 
liquid reacts ijo^ with oxyg(‘n with the .s(‘paiation of iodims and tlui formation 
of wha^ is probably a silicoti oxyiodidc : it i.s ecynlmstible in air, •forming wate/,^ 
siliea, and iodine. The vap., admixed with air, is explosive. The li([uid is decoin- 
po|ed by water, (prrnyig kydriodic acql and silicofornfic anhydride. The liquid is 
miscible in all proportions with benzene and carbon disulphide. • 

A. J. Besson ^ found that dry hydrogen ioduh; kis no action on silicon tetra- 
chloride at the ordinary temp., but at a liign ^em})., prod uefs^jf •partialis ifbst itution 
are obtained ; the determining cause of the reaction benignly" diffenmci^ betweei^ 
the heats of formation of hydrogen chloride and hydroj^m iodide, and Vie partial 
dissociation of the latter at the temp, of the experiment. *llyd>ogen iodide, mixed 
with vap. of silicon tidrachloride, is passed somewhat rajiidly thro^igh a glass tu^e 
heated to redness ; the jiroduct is agitated with mercury to rmnofe free imlyie, 

and when fractionated furnishes a (‘omplete .s(*ri(‘s of silicon chloroiodides, SiWl^l^ : 

• • 

• SICI4 HiCtpf SiClla SU4 * * 

B.p. . 58“ 113“-il4“ 172“ ^ 234“-237“ 2 !Hr ^ 

A. J. Besson also found that the three chloroiodides are jiroduced when tlu‘. vap. of 
iodine monochloride is passed over crystallized silicon heated nearly to redness. 
The product is ])urifi( 5 d from free iodine by distillation from copper turnings, and 
fitictionaMy distilled. A. J. Besson and L. Fournier prejiared the chloroiodides by 
the analogous imfbhod cmployei^ for the chlorobromides {if.v.}. In addition to 
the general metlibds of preparation, silicon tricUoroi(]Alidc» or trichloroiodOSilanO) 
SiOl^I, can be madt; by bi'atiflg silicon tetraejuoride with iodine in a sealed tube^ 
at 2(J0°"250°. Silicon trichlorcjfodide is a colourltss lupiid whiclfJmilsat 1 13° 114°, 
and dbc 8 *not ^lielify, even at —60°. ‘It is not alTcc^eit by light alone, but wlnm 
exposed to air it becomes brown fymi* separtti 8 n of iodiye, add this change js 
acceleratcd^y light It fumes in klie air, is (Vcomposed by water, and combines 
•with ammonia to form a white, amorphous ^Ucond^mihenadecaniminotiilichloro* 
iodide* 281013 !. il*NH 3 , which is^lso decoeiposi'd by water; it does not form a 
comfound with hydrogen phosphjde, qv^jii under pr^8s«an4 at a low temp. 

lirtddition to the general methods of preparation, wh(*re the yield is small, 
silicon dichlorodiiodide, or di^orodiiodosilane* caji be. made by saturating 
trichloroiodosilane ^ith hydrogw jodide at —^2°^ and heafiag^the soln. for 24 hrs. 
in a sealed tube at 250°. ^i#hlorodiioflosilant*byils at,l72°, dods not solidify even 
at —60°, and rapidly btljomes b»own, owiiJg*to separation of iodine. It fumes in 
the air, burns witji liberation of iddine^lind Is decomposed, by* water ; .wlnm dis- 
8 olved,in carbon tetrachloride^ it conibineB with ammonia to for)i;^ a white, amor- 
phous silicon p ^ntiimmin odiGhlnroftiiodidii^ 8 iff H 3 . which is dcconqx^Kl by 
water. • * , • • • / , • 

There is only^n small yield of llicon chlorotriiodide, or chlorotriiodosilane, 
SiClIg, by the general ineth<ii 8 of preparation. Chlorotraodosilane is a colc^sless 

* M 
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liquid which, on exposure to air, rajjidly becomes red, and gives off a coiibustible 
vap. It boils at 234°~237*, and when stfcngly cooled remains in a surfused con- 
dition, but when strongly agitated fiynSihes a whrtc solid which n^lts at 2°. 
Chlonotriiodosilano ^oijibinis with aiflmcvna gas forming a white solid. 

A. J. Besson 3 obtained a fhixturc of |he tlpree silifion bromeiodides,*SiBr„l4_„, 
by several diffeflent methods. ♦ # * 

.• % SIBr? HiHfal Sllfrjij* SlBrfj * 8II4 

B.p. ^ . .* 192 ^^ 230 °- 231 ° , 256 ° 290 ° 

(i) Tribromoailane and iodine were lifted in a sealed tube at 200°-250° ; the 
mailt product was the lydotribromide mixed with a small quantity ^ the oth^r two 
bromoiodides. (ii) Dry hydrogen iodide and siBcoft tetrabromide vapour at a 
little below red-heat furnish the tribroi|ioiodide as thp nmin product and a small 
quantity of the other brompiodides. TliOi yield is* small, (iii) Iodine mono- 
bromide was passf'd^owcr cfyst^ginp silicon nearly at a red heat and a mixture of 
tlfe three broitfoiodides* aril some silicon tetrabromide^ #md tetraiodide results. 
The ])rodi^ may be decoloriz(fl 1)y fractionation over cop^j^ tvirnings. The 
•8ep}\ration 01 the last two mixed halides by fractional distillation is very dllHcult. 

The first mixed halid(‘* silicon tribrolnoiodide^ or tribromoiodosilane, SiBryl, 
is comparatively easy.* It forms a colourje^s liquid disMlling aUl92'', and it may 
be cooled to«~20‘^ without solidifying, but the solid melts at li'^. Silicon dibromo- 
diiodide, or dibromoHiiiodosilaoe, SiBj^iL, is a white solid which melts at about 
38*^ and ‘distils af 23r\ Sitcon bromotriiodide, or bromotriiodosilane, 
*SiBrl3, is^a white lolld melting 53" and distilling at 255". It is difficult to 
separate ft. from silicoi^ (etraiodide. The silicon bromoiodides colour rapidly in 
the air ; they absorb dry ammonia gas with the iiroduction of whiti*, solid com- 
pounds decoiiqiDsed by water. Silicon tetrabromide in which much iodine has 
bo^jp-dissolved may be used in plaice of the iodine bromide ; with the tetrachloride, 
116 reaifdou occyrs. * • 

*he second immibcr of th(‘ hqmologous series, Si^Jon 1 2> hexaiodosilicoethane, 

of hexaiododisilane, Si2l6, was made by C. Friedel and A. Ladenburg.^ The 
compound was made by Iteating silicon tetraiodide with finely divided silver 
(reduced by zinc from moist silver chloride), in scaled tubes at 290"-300" for 
several hours. The contents of the tube were freed from unaltered tidraiodide 


by repeated washing with small portions of dry carbon disulphide ; a larger 
quantity of hot carbon disulphide was then added, and the mixture filtered 
rapidly as possible out of contact with the moi^turi' of the aif. On cooling, the 
soln. deposited small, colourless, , hexagonal prisms of the hexaiodosilane. The 
^compound is of interest since in its ^jrmation there Is a hnking of the silicon atoms 
in pairs : » • • 




Hexaiocjodisilane fumishes cftUuirless,* hexagonal, doubly refracting, prismatic or# 
tabular crystals which can be fused im vacuo, with partial decomposition at 250". 
It cannot be distilled aUativ. j^ress.^or in v|icuo. Hut on heating, a portion subKmes, 
and the remainder d#coni poses into silicon tetraiodide, and oiange-colour(%tttra- 
iodosilene, Si2l4. Wh/n hexaiododisilane is treatej^with water at 0", it forms 
hydrated silico-oxalic ^cid. It i^ converted by hi online intojiexabromodisilane ; 
and by mercuric chloride into hexa^hlorocHsilane. It dissolv/^s in potash-lye with 
the evolution of hydrogen^:* Si.2le*f 6kOH=:=2SiOt-f 2H20'f f)KI-f-H2. At 19°, 100 
parts of carbon dwulphide dissol^i 19 parts, and at 27°, !i6 parts of hexaiodide. 

As inclicated above, whe'n hexaiodisTlahe is lyeated, the prange-red ^residue 
with ^the ultimate composition SiU is conridc\*ed to be tetraiodosilene, or tetra* 
^odosilicoethylene, pr tetraodosilicoettene, Si^I^. Water decomposes jt, forming 
a greyish- white mass, probably silico-forRi.^ acid, SiH202, sijiqc, when dried in 
vaqgO and treatetr with potash-lye, the hydrogef, evqlved * corresponds with 
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W • * « 

Si 0 ,H 2 ^ 2 K 0 H=I^Si 03 +H 2 O+H 2 , and wdien hoated in air it oxidizus to silica 
T«‘™'>‘lo8ilene is (fc-ompasod by'potash-lyc : Sij^+BKOH 
7, +‘^ 2 |fi 034 - 2 u 204 - 2 fl 2 ; and 4t doc's* not dissolve in carbon disulphide, 

cnloroform, benzene, or silicon tetrachloride. * • • 

• • 
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§ bo. Siliqpn Sulphides * 

According to J. J. Berzelius*! silicon ^isjdphidef SiS^jJs funned w^en silicon 
is ignited in the vap. of sul[)hur, or when the sulphur vup, ])asse(i over silicon 
at a white heat; the combination is alliuuU'd by inean?l{5#i‘ence. i*art of the 
silicon may be protected from the sul[)liur by the splphidi' wliieli % formed. 

1. G, Rankin and S. M, Hevington's analyses agreed with .1. J? JhTzelius’ view of 
the nature of the white silicon sulphide. W. llempel and H. von Idaasy considewd 
that the bejit way to make this suljihide is to heat to redness an int finale 
of amorphous silicon and three times its weight of’sulphui* in 4 crucible, 'llui 
product contains 92-95 per C(*nt. of silicon disijphide w'hic'h can be isolatell by * 
sublimatiAi at GO mm. press H). Vigouroux, an<l A. F. Hollemann and 11. .). Slij])er 
prepared the disulphidcj by a similar procc.ss. G. Ij. J. de ('halinot obtained soimt 
disulphide by heating over 300' a mixture of one of the eopiier suljihides and 
sulphur; and H. Moissaii, by the action of lithium silieide on molten sulphur. 
P. Sabatier, and N. D. Costenau made it by ])as8ing a current of hydrogmi suliiliide 
ofer crystalline silicon at a red heat. K. Vigouroux also used this pmei-ss ; but 
W. Hemjiel and IP von Haa.sy ol^ained jiooi yields. A. Gautier and b. Jlallo])eau 
obtained it by Ifeating metal silieides at 1300'VU)0'^ in a stream of carbon disul- 
phide ; and K. Fremy nu*(h' fiellets from un^ntiinate mixture of oil, laiiipolack, ■ 
and silica, and heated llumi to j^'dness in a cruciWe. The ])ellet8*W('re then heated 
to. the* highegt*available temj). in. a jlfcrcelain tube, tiiirT)ugh whieh was jiassed a 
slow current of carbon disulphide. Xh<^^ih<'<^>i^b^9iphide cylh*ct(*l in long needlus 
ill the coolc^part of tin; tu))e -ifiiitiLstiire is }C]'S(*nt the product is conlaminated 
•with silica. E. Fremy found that if carbon te not present aldng with the quartz-— 
glass, porcelain, or felspar — there m only a v#ry small yield of silicon disnljihide. In 
any (?aso, W. Hempel and H. von Ilaa.s3^f4>und that }*iel(?is poor. E. PTihuy was 
unaM'^o obtain any appreciable (piantity of the disulphide b}^])as8ing ^uljihiir vaj). 
over ail intimate mixture of'sijica and carbon at a«red heaj. A. Gautier obtained 
some silicon disulplyde by heafitig china cla^ rediujss in* % stream of carbon 
disulphide ; and by •heatifll; wlica in a*mixtuI5 hydrogen sufjihidc and carbon 
disulphide. J. I. Pierre'^obtained the disiiljAide by the action of silicon tetra- 
chloride on hydrogen sulphide. After drilling the first prijduH of th(k reaction, 
there rjjmains a nwxturc of sili^^oii disulphide aiul^suljihur ; and t\e latter can be 
removed by distilling ofl the sulpifur in a^strlam iiitrogeiL W. Hempet and 
H. von Haasy olftained only a popr yiiild by this f)ro<!e^ ; M. £iix and Vi. Wirbe-* 
lauer also obtainodHhe disulphide as # by-product in the dry distilhdion of silicon 
dichlorosulphide:*2SiSCl^=-«iCl4-fSiS2. R. Amberg, M.'Haff, W. Fielding* and 



986. 


INORGANIC ANrt 'THEORETICAL CHEMSTRY 

B. Neumann discussed the formatiofi of ijulicon disulphide in •the action "of ferro- 
silicon on iron sulphide, an^ the patt it pliys in the desulphurization of iron. 

When free from uncombined silibpn^thc disulphidfe prepared by f i Berzelius 
was white and earthy ^ thift prepared hj sublimation forms whit^ or grey acicular 
crystals. ♦ The Ijeat of* formation obtained by^P. Sabfitier with*octahedfal sulphur 
was Sicry8t+2S-SiS2Boiid+j|l^,;^ ^‘als. 'J. J. Ber|eli^ fouft(/that wate*r instantly 
decohiposes silicon >i'si;|j?hide into hydrosulphuric and silicic acidS ; in the moist 
air, it gives €»ff hydrogen sulphide an(| is gradually transfermed into ailicic acid. 
It can be preserved 1r^ sealed glass tubes. P. Sdbatier found that decomposition 
df one eq. of silicon dii^ulphide by water gives 38*5 cals, at 9*5°. «E. Pr^m/sa*d 
that uneifnve effervescence is produced when silicon disulphide is projected on water ; 
and he emphasized the stability of the r|8ultmg colloidal shin, oi silica. He added 
that the formation of hydrogen julphide aiHh soluble silica by tW. action of water 
on silicvm*di8iiidiitle*'is\)f great ^ological interest since it explains the proddCtion 
of* silica incrustations and tfie presence of silica in min^rtl waterg, and also the 
formation 44 patural sulphuroiuf Waters. Silicon disulphide J^urms to sulphur 
• ITloxide and silica wluui it is heat^l in air. E. Fremy found that it reacts vi^rously 
with nitric acid, forming Nulplmric and'silicic ai^ds ; and it reacts at ordinary 
temp, witif alcohol amt with ether. A. CqJ^n found it fo ba insfluble in benzdiie. 
M. Blix amf W. Wii^ielauer showed that it reacts with liquid ammonia, forming 
silicon di-jmid(i, Si(h^ 2 * Colsoif allowed thal; mercuric salts in benzene soln. 
/io not act tn siliedu* disulphide ; powdered mercuric chloride forms silicon tetra- 
chloride ; .and mercuric ppnide gives silicon cyanide. A. C. Yournasos observed 
that na8(^.nt hydrogen, (detained by heating the suljihide with sodium formate 
yields a little silan^. 

• Silicon disulphide, s'aid J. J. Berzelius, unites with potassium sulphide, forming 
a »il|)lnd(^— presumably potassium mlplmilicate, ; and, according to W. Hempel and 
, It. von Haa8y,,wheil silicon*8ul])hide unites with metal suljihides, sulphosilicates, 
oj f%milmtes, are formed. Tluvsamc salts were found by A. Gautier to be formed 
Ijy the action of sulphur, hydrogen sulphide, or carbon disulphide on some silicates 
at a red heat. These products are usually insoluble in water, and decomposed by 
steam at 2r)(f , forming hydrogen sulphide, the metal hydroxide, and silicic acid. 



Fia. 202.~Freeziiv? Points of Fio. 203r*-Kree2ing Points 
thei4'6S-SiSj System. of Ag,S-SiS, System. 

When heated, they may •decoqipbbe into their emnfonents. W. Hempel and 
H. von Haasy formed sodiom SUlpUbsilicaie, Na-ljSiSg, by melting together sodium 
sulphide and 8ilic^)n idisulphvle. ® The d^rk,brbwn mass is dec(>mp 08 ed by water, 
formjng hydrogen sulphide ; a 4^1 all the residue isi dissolved ; 4ihe aq. solo, giv^s 
off no hydrogen sidphide whhn treated with acids. L. Cambi prepared a number 
*'of sulphosilicates 6y heatihg *hiixtures of finely divided silicon and metals 
in ^ atm. of hydrogen sulphide to 80(5* or 1000°. The If^ermal analysis of 
thtf rbS-SiSg system, Pig. 202, showed the presence/ of the compounds, namely, 



81UCUJN. 


m 


)PbS.2S^, 2PbS.8iS2 ; and 3PbS.SiS2. |Pb38i2S7 is brick-red; the last-iiientioued 
jompound app^re as brilliant crystals U\ ks^'s, accompanied by deconiposition, 
it 737 ; laid pr^OSOlphosillCate, Pb 2 Sfe 4 ,*i^l‘ed(bsh»brown, forms large crystals 
^hich fuse, accompanied by decompoaitidii, at 767 ° • ^nd irWead pentasulpho- 
olicate, Pb’^SiSg, is feddish-br«wn, dels no* occur in equilibrium with the aolu., but 
IS a result of a reactuMifeetweeii |he solid ?onstitue|^8At 748 ^ In the Ag.,S SiS., 
lystern, Fig. 20^, the compound 4Ag2S.SiS2 only has^ifju'rift been delermhied“ 
0Ct(HUlV6%h6XaSUlphoSiliCftt6, AggSiSg, forming greyisfi-black crystafe wliiidi nudt 
without decomposition at 960 " C. ‘Silver ortlosuJphodisiJicato/AggSuS;, mcitinga/ 
75 o , was prejfired*; and products richer^iii silicon (iisdj)lym', up to silver nieta*^ 
a\)ipllOSVlicikte) Ag^S.SiS^, we^e also obtained. The coloiix ol thes^' tank'd from 
Orange-ied to yellow, ^nd th^y often exhibit evidence of under-cooled or met ast able 
forms. J. P. Lcluedeff’s study of tbe^stem CaS^('aBip3 ha^ been previously dis- 
cussetl® and for the association of calcium alui4iiniym^silica\cs^w^ty^iid])lTidfs, eidc 
ultramarine, and k'pi^HizuU. L. Camhi made c^ium sulpnosilioate ; aiul 
W. Hempel and 4 *. von Haasy, magnesium sufchosilicate, MgSil^jg^y melting 
togethef the components, magnesium sulphide and^ilicon disulphide. It is decDin* * 
posed into its components by liyat. L. Oambi also imftle piagnesium, zinC* and 
meveury sulphosflicates. * W. llt*mp(4l*aiul H. von tlaasy prepared Sn impure 
aluminium sulphosilicate, AL^lSiS)^, hy the actitm of sulphur vafoiir on an 
aluminium silicide, and by melting alumi«iitim siiljflude jpuJ silicon disulj)hide. 
The compound is unstable; attempts U) make ferrous sulphdsilicata on similar, 
lines furnished a mixture FeSiSg | 7 F(‘S. 


Tlie cori’osponding orthonulphoKihru- and, H^SiSi, and vn'i(Mulph(fnilirir and, IfaSiS.^, 
have not been made. F. Wohler ohtaiiu'd a kind of poIifHulphosdKY arid, 
which was called mUplmdicon, by th(‘ action of suliihnrous acid and a liTtlij hydrochloric 
acid on calcium silicklo. 7’ho reddiKli-broNMi plates after extracting the suljihur ^\Wl 
carbon disulphide, and drying, furni.Mhod a light brown *po\vder. • Tlu^ niass sitlclls of 
hydrogen sulphide, and hums explosively when heated in air; witli water, hydr^en 
sulphide is Evolved; and with aq. uininonia, it givdk off hydrogen, forming silica anfl 
sulphur. « • 


In the preparation of silicon sulphide hy heating amorphous silicon in a i-urrcnt 
of hydrogen sulphide, P, Sabatier - observed in the cold })arts of a lube a large 
quantity of a yellowish-brown substance, consisting of a mixture of the ordinary 
sufphide, SiS 2 , am^ silicon. The jiroduction and the transference of tin* silicon 
was explained by, supposing the fotmatioii of a volatile sub8ijl|)hi(le at a low (('inp., 
which at a hiijhvr temp, is (li'coiiijMisiMl yito the siibsulpliide and silieon, the clpingi' 
being analogous to that ol^he.xaedilorodisilam*.^ A, (’olson passed tin* va]). of dry 
carbon^ dii^ulphide, over silicon him porcelain tufie at a^wliite lA*at for about an 
hofir and obtained a yidlow volatih* eiSiyioiuid wjtli A eonipositiqii corresponding 
with silicon monosulphide, Bi8, and«i yidlowilli Hubstann^iirobahly silicon ox}« 
siyphidc, Si4iB. I. (t. Kankin am! 8. M. Ib^viifjilon jilso made the inonosulphidc. 

Wiist and A. ^V’hulk'r obtained a substance will? u similar composition* by the 
action of ferrosilicoii on iron sulpijide in ai/utiq. of,fiitrogen ; L. (.'ambi [irepared 
the mojosulphide as a sublimate* whc«i»a mixture »f kulp^liijr and ferrosilicoii is 
heatelt m tlie electric are furnace ; and W. Henqiel and H.,von Haas^ obtained it 
as a by-product in tlie flrejlai^ition of silicon iKsulphidg, The yellow mono- 
sulphido obtained by F, Wiist'* and ^V. Schiilln was^in ba^dle-like iTystals. 
According to L. ('am4>i, wfieirsilicon (in thy firinof ferrosilicoii) and sulphur are 
heated together in an efcctric-arh furnace,# a ^vigorous reaction J;ake.s place, ami 
a grey mass results, from which, f)y •sehliinatioA iii the elisictrlc funiaoe, silicon 
monosuiphidc may be obtaimil. 'fhe compoijndj Hublim(*H at 9l\l°-980° 20- 

30 mm., and it occurs in two forms, nhmely, a black solid which may assume a 
vitreous character, and a yellow ^lowjjer. On rcifbblimation di either foam, both 
are produced, thf^^ellow one being 3ei>08it<!d in the colder, parts of the tube 

employed. The sp. gr. ^s J'853 at 1574°. The yellow suljfhide is less stable tlfan 

• • 



988 INORfiANIC.ANB IHEORETICAL CHEMISTRY , 

the black, and it rapidly .absorbs rtioistiye from the ait and gives oft hydrogen 

^The yellow sulphide is dec^mpbjje* b^ water with the evolution (rf hydrogen 
Bulplfide'and the fAmatioh of a white insoluble substance, HjSiaQa, which yields 
hydrogen when treated witlf fSkalies, anibreaefc with ^llftili-lye with the Evolution of 
hydtocen: SiS+ 2 KOH-Si(ig+K 2 S+H 2 . Thi^bl^ck suflfide balso d ecomposed 
by ^ater with th(! ^rtn^atioii of soluble silica and an oxygenated silicon hydride. 
Dry hydrogOTi chloride was found by Cambi to act on Silicon inonomlphide at 
240^-260^ forming ’liydrogeii sulphide, etc. ; b^ condensing the products of ^le 
'reaction in a freezing mixture, a liquid consisting ^f trichlorosilant^ produced. 

fj ^ ' 

According to A. Colson, if the contents of the tube used in preparing the silicon mono- 
Hulphido are further lieated with boiling [K)ta.sJjidye to remove the excess of silicon and 
its Hul[)hur coinpounfjs/ and thefi digested for some, time with warm hydrofluoric acid, a 
groeiiirfn {iowdi>j;;jof the fcornpo^sltWFt of Si 4048, silicon anlplLOcarhide, is obtained^ when 
heated in a current of oxygei. tlio weight is not altered, but' Uie compound is converted 
into an oxyj^natod jiroduct, Si4C4()f. ^A. (Colson thus infers tliat thj^^n^logy of sulphur 
oxygeiiaoOs not liold good at high temp., for CO.^ yields Si4(T40,2, and yields 
' Si4(:4S ' , . 


As indicated above, A. Colson, in prerparing silicon iflonoSulphide, obtafhed 
silicon oxysulphide, or silicyl sulphide, BiOS. A. Gautier obtained it by passing 
a mixtup? of hydrogen sulphide aii^l *r!arbon disulphide at a red heat over silica 
and alumiilium sificate ; some silicon disulphide was formed at the same time. 
A. Colsojr found th^ yeflow substahee is decomposed by water with the evolution 
of hydrogen sulphide ; iml it dissolves in cold dil. alkali-lye, without giving off 
hydrogen. The compound was also prepared by 1. G. Rankin and S. M. Rovington, 
Who also reported silicon dioxysulphide^ Si02S, but no confirmation or details are 
a^^ailablc. 

J. 1. Pierre'^ discovered what ho called cMorosulphurc de silicium and gave an 
analysis corr(‘aponding with silicon sulphodichloride, or silicon dichla^osulphide, 
BiS0l2, but C. Frifidel and A. liadenburg showed that the alleged thiodichloride is 
really silicon trichlorohydrosulphide p/.v.). Silicon dichlorosulphide was first 
obtained by A. J. Ih'sson, who found that the reaction which results in the pro- 
duction of silicon tetrachloride and suljdiur from sulphur dichloride and silicon 
at a temp, below redness extends at a higher temp, to the formatioi) of silicon 
thiochloride. A current of chlorine sat. with sulphur dichloriilp vap. is led over a 
quantity of crystalliiu; silicon heatinl to bright* redness in a porcelain tube, tlie 
silicoii sulphide which rai)idly chokes the .*-ube being removed from time to time 
' by allowing the chlorine to pass if’one. The liiiyid product is fractionated from 
excess of sulpliur chlori(Je, amris purifie^l from oxychloride by jecryetallization 
from carbon tetrachloride, Sin(| sjjbseqiv’nt sublimation in a cum^it* of dry air 
St UKP. M. Blix ami W. Wirbelauer madfrit by passing silicon trichlorohydro- 
Hulphide through a glass tube at'^a ( lull retf-heat— in an ap])aratuff'-'Bo arranged 
that thb gases continually ciremate in a closed sy.stem — and crystallized the product 
from its soln. in chlorofoniu hb Lay obtained the dichlorosulphide as by- 
})roduct in the action of chlofiiie on a mixture of ferrosilicon and sulphur, ^picon 
dichlorosulphide is a white solid which furnishes acicular crystals. A. J/Besson 
said its b.p. is 185° its m.p. 74° ; M. Blix aq(' -W. Wirbelauer gave 75° for the 
m.p., and added that it distils At 9^° und'^r 22 5 mm,,i)res8. , and that it is very 
easily decomposed by moisture j or*' by distillation at ordinary temp, into silicon 
disulphide and tetrachlofide. A. .t. -Besson found that it is unstable in moist 
air, and Veacts viblciltly with water, foranng hydrogen BulphitK'. and chloride, and 
silice . M. Blix and W. Wirbclarr.er said that it jeadls readily with liquid an^iydrous 
ammonia, forming ^silicon pi-imide, SifNH)^. 

* As indicated ab()ve, J. I. Pierre made sjliron trichlorohydrosulphide*, Si(HS)(T 3 , 
by gassing a mixture of the vap. of silicon tetrachloride and dry hydrogen sulphide 
through a red-hot porcelain tube : SiCl 4 -f H 2 S— SiClslPSJH-HCl. He added : 
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The hist mode of preparation is to pase'a cuirent of hydrogen sulphide ua-, thnmel, 
silioori tetrachloride contamed m a stoppenM retort, the conducting tube bemK uoulo t,> 
dip just under the surface of the liquid. Tke retor^ is then connected by means ui u koixI 
cork with die ond of a porcelain tube, the'othftr yid o^ which is attached to a U-shaned 
tube kept const^ly cool. The porcelain tube is then madd red hot, and as the inixt nre 
passes through, a fuming liquiijj rapidly ofndengos in the U-tiibe. The liquid thiii^obtained 
has a pungent, offensiu^ ^dour resembling both silicon tetrachloride ai^d hydrogen sul- 
phide ; it become^ cl«ar on standing# and is then distilletVt^o liquid whicli comes at 
a temp, between 90° and 100° being kept apart. The processaJ £<tf)pped a.s soon as ilw 
pasty ma^e^n the retort begins to evolve white fumes. • 

C.#FTiedcl and A. Ladenburg employed a similar mode o 6 * preparation. 8 iii('oii 
tricblorobydrofllpMde is a cdoivless fiimijig lupiid whicTi, rireorilinglo , 1 . 1 . 1 ’iorre* 
lias a sp. gr. V45, and a b.p. oi m\ 3. \' Yiiedelttnd \;.u\en- 

bnrg’s analyses and vap. density, 5-24-^5‘74i between 155^ and IbV', agree with the 
iormula Si(HS)ClP^ ior whi^ the, calculated va]^ MonHity ia'b.Hd. 3 . 1 . I’ierre 
fountTJhat in contact witl^ water the tricTdorohytlr^ilphidi^is (hToi|p|!osed* dormiug 
hydrogen sulphide, hydtochloric and silicic acyls^aud a little fn'o sul])lmr ; and if 
a mixtijrc ofliytffogeii sulphide and the vap. of the trichloroh)iil^Wtul])hide 
passed through a strongly heated porcelain tube* a small (plant ity of a iKpijIl js 
formed -possibly the dichlorosiM])hid(‘ — wlueli decom}^)S(‘S ini-o silicon jjisulphide, 
etc.* when distill<?d. 1 /. triiMlel and fW liadimhurg showed that wi^h biomine, 
the trichloro}iydrosiilphid(‘ is convi'rtiul into chlorobromido; sodium (lo{‘s nol. 
remove the hydrogen; alcohol in exces.# tirms^lfydrogim* f^iljiliide, ‘iiydrogen 
chloride, and ethyl silicate ; and if 3 inols. of alcohol are ];i 1 's('nt to line mol of* 
trichlorohydrosulphide a liquid— silicon trietluAyhydroiuJphi^e, SifOt 2 ^r,);jIJS- 
boiling at is formed. ^ , 

According to M. Blix, silicon sulphodibromide; or silicon dibromosulphide, 
SiSBr 2 , is formiid by the interaction of silicon tetrahroinidi* and hy*(Irpg(‘n siil}Jii(Ie 
at 150° in the presence of aluminium bromide as catajyst. The bromosul]#liid(%s 
separated from the unchang(‘d t(‘trabromi(fe by fractional di>fl illation tq^der • 
reduceil pfcss. Silicon dibromosulphide forms <*olourless jilaO's whii h can 
recrystalliml from carbon disiilphich'. It^ imdts at !i3', forming a liipiid whicb 
boils at 150° under IS‘3 mm. pr(\ss The crystals fume in moist air, and 

react eiplomnsartig with water with the wqairation of silicic acid and 
the evolution of hydrogim bromide and sulphide. A soln. of the dihromo- 
sulphide jn drv benzeiu' redacts with drv amnumia, forming sihrol/iioumt : 
■SiSBr., I- 4 NH 3 =Si^(NII .,)3 |-2Nli,Br. 

• 
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( 6L Sili(X)n Phosihates 

F. Myliiik and A. Meusscr found .that phosjihoric acitl at iW h«. a strong 
con^sive action on f^^artz glass ; while K. Hiittner showed that at ordinary ^te?j^p. 
*orthoph^)8phoric acid has ticarcely any aption on glass, but at 100^50 the attack 
is marlftjd—siiicyl phosphate, and metaphosphates are produced. Phosphorus 
pentoxide can be sublimed in glass v^^ssels without affecting them appreciably. 
W. Sk(jy. K. Lai^ef,.and d. Hi|^chwald oFfierved the behaviout of silic^ in fused 
stadium ^mosjfliite, aml^i we-ll-l«fown t(*st for silica is based on the sparing scfflfbility 
of silica in that menstruum? Acjor^ling to A. Mullcr,i pjidriphoric acid has a slight 
action onljuwtz at a low temp., and a vigorous action at a^tiigller temp, when 
‘ the*quartz is transformed into hydrat<*(J silica. P. Hautcfeuille and P. Margottet 
fused a d^ied mixtur(‘*()f*gqlatinou8 silica and metaphosphoric acid, extracted the 
mass with hot water, and so obtained transparent, colourless, isotropic, octalntlral 
crystals. The composition corresponds with Si().2.P205, which K. Hiittner con- 
siders to»be that oj gilicyl irifettiphosbhate, Si0(P03)2. The substance so obtained 

• has a sp. 3*1 af44'^; it scratches glass, and when heated melts to a glass 
which d(jjls not dev^trify «n cooling. 

In their memoir : i8'/V le polymorphisme dii phosphate de silice, P. Hautcfeuille 
and P. Margottet shojvcd that when a mixture of hydrated silica and orthophos- 
plioric acid ig gradually heated to 26(f , about 5 per cent, of silica is dissolved, and 
sw^tuljarger proportion caq be obtained in soln. by gradually heating a mixture 
» of phosphoric acid and silicon tetrabhloride. Tlie soln. deposits crystals of silicyl 
phosphate in forms varying wilii the temp, at which the deposition f^kes place, 
i'hey found that (i) when filie. soln. of silica in orthojihosphoric acid is allowed to 
cool below 2f)(y’, it deposits crystals having the appearance of flattened discs. 
Similar crystals are obtained when the soln, is mixed with cone, sulphuric acid 
and heated for some time at a temp, somewhat above th(‘. b.]). of tlie latter. These 
crystals are hexagonal prisms, frc(|uentlv macled in the same manner as lamellar 
hicrnatite. They act strongly on polarized light, and are., somewhat rapidly 
attacked by water, but do,not alter in contact’ with alcohol, (ij) If the temp, of 
the soln. of silica is gradually raisfd from Mr to about 300'', it deposits an abund- 

* ance of very t\m hexagonal lanwilla^, which ac]t feebly on jiolarized light and 
resemble tridymito in appearance. They are, however, distivguished from the 
latter by the fact that they" yic,hl silver }ihosphato when fused with silver nitrate. 
These lamellffi are not altered by alcohol, bat are slowly attacked by water with 
formation of orthophosphoric ahid*and soluble silica, (iii) If ^'fhe soln. be 
heated 'rapidly, it remains limpid up to about 7(Xr, but betweivi 700° and 800° it 
deposits regular octahedra which arc almost always modified by cubical ^aces. 
This form of silicon, phosphiXo is that dc.scribed above, (iv) When ph;^sphoric 
acid containing only a* small proportion of silica is rapidly heated to about 9(X)°~ 
1(XX)°, the crystals ob^.ained are monoclinic prisvis ^hich act strongly on polarized 
light. At a high 'temp..;,, thesft pripms are. more stable than the other fonns. If 
orthophosphoric acid sat. 'with dlida be slowly heated to 1000°, a mixture of all 
four forms is obtained ; but if the <temp. is maintained the lamellce and octahedra 
are quickly attacked* whilst the prisms cantinue to increase. ' 

The crystals all have thof^sj^rae compoaitiony The hexagonal crysvals are 
formed below 300*, the l^^mellse reseiVibling tridyraite at about 360°, the regular 
octahedfa between'' 700° and 8(10°, and tjjevmonoclinic prisms between 800° and 
100^®. This polynwrphism is not due to different groupings of the same crystalline 
elements, for the hexagonal crystals are attacked b'y water, which has no action 



SILIUUW 


on 


» • • 

tjie octahedra or pfisms. Accordinff to H. N. Stores, silicyl metaphosphte is 
probably formed when silicopyrophos^oryl chloride^ lieafed above 2 (Kf until 
vap. of pkosphoryl chloride is no loi]|er.evO(ved. f. Hautcfcuilk further fouiul 
that if a con(^^li. of orthophosphoric icia confainiM^ aboift onc-mmrtor^of the 
quantity «f silica rtquired to«atura(* if, i, heated atlK” for 1 or d dav.s il ,ic|,o,,i(.s 
roncretionS which sAkally increase in aiie. They are separateilVnu the mother 
iquoT by pourfngUe hot h^mt? on to a prcvion^ly plato, M ate. 

toed by laposute to dfy air for about a week. The spherical Rlobules.thu» obtained 
Mve the composition tetiahydiated sificyl metaphosphafte, Si0.i,v,20r, tii.,!), 
WhAi suspended jn sulphuric acid, they act. stron(>lyam polarized li(>lit. fndw 
the microscope, the concretions are seen* to be formed of concentric con^s of jiris- 
matic crystals with^th?;ir principal axes^radiatin^^ from the centre. Th(‘ silicyl 
metaphosphate decomposoi rapidly kf moist air, ai^d dissolves com])lctc]v in water 
but it is decomposed by Vatenat tln^ o Jynary ti^n]f.,*witl) st']tar€tion of 
gelatinous silica. • - *. * *• • 


H. N. SWk«% prepared a chloride cortcs^ionding with a scc^d unknown 
silicopyrophos'phork acid^ Si()(().V 02 . 0 H) 2 , hy lumting a mixture of i‘thyl tric]jk>i*<% 
silicate, (J 2 H 50 .SiCl 3 , or ethyl ^orthokilichte, Si(0('.>Hr,)^j, and jilmsjilmryl chloride 
in« sealed tubcat UlO"* diSiCla.Of'^y^) + iiSdT, ! SilM W’l.. 

The product is sUicopyrophosphoryl chloride, (). 

If the ethyl tricfilorosilicate be* in excess^ ijn analogous nw-tion occups, Imt tlie 
composition of the silicopyrophosphoryl chloride is dilfcrcnt, • Si1icoj>’iiyo|)lios|ilu)ryl 
chloride is a white, hygroscopic, amorphous* powder^ wliTck is fn'd}^ soluhh* in 
alcohol and water. It loses hydrochloric acid when *iiV, contact witli^nioist air. 
The aq. sola, is turbid owing to the sej»aration i)f gelatinous silica, but a clear 
aq. soln. can bo obtained by adding enough water to tho’alcohoiie solii, NeitJuT 
the acid nor its salts could l)c isolated. It d<*com poses slowly wlh'n wariffi'J to 
2(K)”, and rapidly at a higher timip., forming pliosiflioryl c}flori(|^‘. Wln%) mi.?ed 
with phosphorus pentachloride, ami h(‘ated ip ItKb, silicon tetrachloride and* 
phosjihoryl chloride an' formed. A cold acj. soln. from which tin* chlorine fas 
been removed hy silver nitrate in excess yii'lds in orHer, when ammonia is add(*l, 
silver pyi’ophos[jliate, silver orthophosjihate, ami silica. 


^ Ki'.kkukncks, 

‘ A. Muller, Joiht. prafet. ('hem ,11), 95. 43, 1805; (1). 98 14, JHOO; ,1. Iliiwliwnld, tb.,, 
(2), 41. 360, 1890*; K. HiUtner, Spreeh., 41. 510, 1908; Zmt. anonf. ('hern., 69. 210, 1IH)8. 
F. Mylius and A. Menswr, j/>. 44.^21, 190;>, H. N. K^fkcH, Jtner. ('hem. Joiirn., 13. 24<i 1891 ; 
Btr., 24. 933, 1891 ; P. llautvifuilk* and P. Margnllgt, Compl Ifrnil., 96,1052, I8H3; 99. 78!f 
1884 ; 104. 50, 1887 ; W. 8key, (%tr% Nucm, 16. 187, 1«07 ; lb Laufer, Ikr.. 11. <«>, 935, 1878 
• * . • * ““ - * 
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— mesotrisilicate, 666 

orthosilicat*), 671 

- — hydrated, 574 

• silicates, 463 

— alkali, 640 * • 

hydrated, 447 

silioide, 183 * 

HiUcododecamolylxUto, 87 1 ‘ 

silioododecatungiltate.^880 , * • 

silver silicate, '683 * , ^ 

— — sodium arsenitosilicatej 826 • * 

caloiv;;4*'^ulphatotriorthQsili«ate, , 

■' 584 , . 

olilorctriorthosilicate, 68| 

! chromato^ioate, 866' * , 

, dimetasilicpte, 649*, C44, 646 

hydrometasilicate, 661 

hydroxyorthosilicate, 674 

— ^ orthosilioato, CfO 


Aluminium ( 

673 

jilicomolybdate, 871 

sulphatobrioi^iosililbte, 684 

tricarbonatomorthosilicate, 680 

—f 4ri|ulphotrtorthosilicJ&te, 687 

suIpho3ilic^y987 • 

•(tri) lithium • heacahydroxydimeta- 

silicate, 607, 652 

• — potassllim trimesotr||ilicate, 666 

zoisite, 720 

Aluminosilicates, 304 

coasti^ution, 311* 

Aluminotriorthosilicates, 605 
Aliiminyl (di) di!lu(|3ilicate, 661 

•• potassium oryiosilicate, 667 

• sodium orthosilicate, 567^ 

aluminiupi (di) magnesium ortho- 

pentasilicate, Ao 
Alurgite, 608 
Aluschlite, 472 
Amazon stone, 663 
Amazordte, 662, 663 
|e Amblystegite, 392 • 

Amesite, 622 

Amethyst, 138 

Amethystine, 138 

Amethystzontes, 716 

Amianthus, 422, 425 

Ammonia pectolito, 367 

Ammonium aluminium dimetasilicate, 645 

silicododecatungstate, 880 

chabazito, 733 

— - cuprous tliiocarbonate, 125 
fluosilicate, 946 

- heptadecaliuosiJicate, 945 

heptafluosilicate, 945 • 

--- heulandite, 767 
" — (hexa) silicodecatungstate, 882 
liydrosilicato, 329 

— mephito, 2 
metasilicate, 329 

(octo) isosilicododecatungs+iate, 873, 

silicodecatungstate, 881 

- — fctliosilicate, 329 

- percarbonato, 84 

‘ — perhydrfjxycarbonnte, 85 
por4hio(I:arbonato, 131 

— p'otassium barium «il\covanadatodeca- 

• tungstate, 838 • ’ ' 

— j— silicovanadatodecatuiigstate, 838 

— I -r — silicovanadatornol^dates, 837 

scoleoite, 760 ' 

— ' sesquitliiocarbonale, 122 

sjlicate, 328 

IT, — silicates, 317 

silicododecatungstate, 876 

silicoyamj-datodecatungatate, 838 

tiheOvauadatomolybdate, 837 

^ stubite, 760 • 

(tetra) iSiotetrahydrosilicododecatung* 

« Btal)e, 873 

, silicoUodecamolybdate, 869 

- thiocarbamate, 132 
|thio4arbonate, 121 

ultramarine, 689 
Amphibole, 391 ' 

a^stos, 426 , 

— — manganese, 897 » ' 

monoiAinv, 391 
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t • 

AmphibOB, rhombic, 391 

friclinic, 391 

Amphibolic acid, 822 
Amphig6nejib48 * 

Ampliilogite, 607 % • 

Amphodelitt, 693 • 

Amyl orthoailicatc, 309« 

ultramarine,*590 * 

Anabolic metabolism 
Analcinie* 1^14 

camea, 752 

Amicite, 575, 644 
silver, 683 • * 

- - tliallo-, 82u 
Analzim, 644 
Auauxito, 495 
Anci4^e,*^77 
Andalusite, 458 
Anderbergitc, 847 
Andesine, 662, . 

Andrudfte, 714, 921 
Andreasbergolite, 766 
Andreolito, 766 
Ari^iouaite, 662, 6f5 * 

Angaralite, 922 

Anhydrobiadiplioiiylsilicniicdio), 36(W 

Animals, metabolism, lU 

Aiinito, 608 

Anomite, OOH 

Anumitos, 611 

Anorthite, 662, 692, 693 

baryta, 707 

— ferric, 698 

— hydrated chloro-, 760 
potash, 662, 698, 706 

soda, 698 
strontfa, 707 

- zinc, 698 

Anorthoclase, 662, 664 
Anorthoso, 664 
Anthite, 726 
Anthochroite, 915 
Anthogran^ite. 396 
Aritholite, 396, 917^ 

Anthophyllite, 391, 396 
amphibolic, fOH 
blatterigon, 396 

- clino-, 398 

- - — fefro-. 916 » 

- •- iron, 912# * 

rnagnesio-, 916 

strahli^, 396 

^fitho8ideritoir907 
Anti«klrite, 751 « 

Antigonite, 422 
Antihypo, 87 
AntiMi^,^392 

Antimony fluosilicat-o, 955 

silicide, 188 

Antophyllite, 396 
Antrimolite, 749 
Apheizite, 741 
Aphrodite, 420, 428 
Aplxrosiderite, 024 * 

Aplome/i921 « 

ApollinaTia, 6 
Apophyllite, 368 
Apyrite, 741 
Aquamarine, 803 
Arcticite, 702 


I ArctoUte, 718 
» Ardemdte, 838 
. Arendalitc, 721 
/ An^bipite, 1^36 

ArfveHlsoiute, <1*91, jl# 
^VrfwedsouilOf 916 
Argent dos chata, 604 i 
Argde chiiDii(^o, 494 
colloidale, 4J6 •* 

savonnetise, 496 

• smoctiquc, 496 I 
veritable, 473i‘ 

, Arieite, 711*# 

Arktolito, 718 • , 

Arsenal (wodali to, 583, 826 
AiNt^mc pentasiheule, *1 H8 
Arsenit|Hodoh1e, 8;’6 
AslK<ifeifkt\*9f7 , 
Asbcstinou. l25 
AslfcsHdite, 426 
Asbostcu?, 426 
• ac tmolita -126 
uin])}iil^je, 42<‘> 

^ ebrysohto. 426 

hornblende. 42l» 

* pory'ijjim, 426 
.Ts<*hent recker, 746 •- 


• Aschirite, 342 
Ahinttmte, 247^ 

Aspasiolite, 81 1| ^ 

As[)erolite, 343 
Aspulolite, 605, titkS 
Aster huimus, 428 
Asterism, 614 
Asteroito, 9f5 
Asloehito, 916 
Astrite4» 607 

meroxt'yuH, 608 

Astrophyllite. 843 
Atlu'riastite, 763 
Atmosphere, pnmitivi*, 4 
Auerbachite, 817 
yVugalo, 817 
' Augite, 390 
Augites, 410 

|'girine,*9 15 
clinjimc, 818 
ftitanic, 818 
viftiadic, 818 
» Aurahte,, 8 1 1# * 

• Avttl#o,i607 
Avasite, 908 
.A^’enfariru^^elspars, 693 
Axinite, 4^)1, 91 1 
• -J|erro^911 
^ - irmnAma 91! 

Azido-dilhiocarboni(#a( id, 13^ 
A/onfo, 857 • 

Azure stOlie, 586 ^ 

V*- • ’• 

* t • J1 


budanitc, 1 3 

Babmj^niV, 391, 0!7 * ^ 
Bagratiimilc, 721 \ 

Bake^te, 44J 
ifaliiinoxitc,«41|l2, 624 • 
Banilito, 455 * 

Baralitc, 622 . 

l^arbientc, 6(52, t%9 
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Barium ammonium potoHBium Bilicov§na- 
daMeoatungatato, 898 . 

calcium metasilicate, 372 

chabazite, 733 • • • *♦ * 

~ — chloride and mdtaailioaDb, 30? • 

cliloroehabazite, • • • 

copper silictto, 373 . • 

— potasuium trimetaai|iciie, 371 

dialuminium dirfWaa^ilicato, 758 

raesiopentaailieate, ^06 

orthotri3ilic|ito, 761 * 

“ -•diboryllium orthosilicate, 382 
“* disilicide, l79 • * , 

“ - feriaus ortiiosilic&te, 908 

triferrio ferryl decametasilicate* 

922 . ^ • 

li^osyicato, 9^ •• • 

hemiBilicidf|179 • • •• • 

hydroxythiooarbonate, ifs 

lead ct|i[dum fluoboryl diortliSlrfsili- 

*• ^ cato,bl/b * 

lithium silicate, 371, < 

manganese raetasi locate, 808 

mesooisilicate, 303 • 

inesotrililicato, 3^4 

inetasilicato, 358 % , • 

* and chloii(ib,*304 • 

>" - - sulphidti 304 

8exahydra(l)d, 1401 * 

-^inoriohydrated, J4f*0 

~ - orthosilicato,* D63 , 

- - (penta) potassiumt octometasilicate, 

^371 . * 

porrnonocarboriate, 80 

— petthi6carbpiiat(?, 131 * 

-• plagioclase, 707 

potassium Hilicododecaturigsiato, 878 

silicovaiiadatoeiiiieatimgKiate, 

838 

sesquithiocarbanato, 127 

*- — • silicodecatungstato, 882 
*-• - Hilicododocamulybdato, 871 

- - silicododocatungstato, 878 

- - - silioovanadatoormoatungstateH, 838 
sodium silicate, 391 

titaiiyl mosodisilicaie, 844 ^ 

- It^ilbite, 700 

-- — sulphide and motaailicalo, 304^ t 
(tetra) octoaluminylhoytamotaHilicato, 
734 • 

— totrahydroHifioodoiJpcatimgstif " 

tetrahydroxythiocarbonuto, 12 

thiocarbunate, 12J ^ 

titdnotrisilicate, 844 ^ 

titanyl mesotrisilicate, 814 

ultramarine, 690 ^ 

Burke vikite, 391, 910 • 

Barsowite, 093 ' 

Balylite, 382 ^ 

Baryailfte, 887 » * 

Baryta anorthite, 7^07 

diopside, 412 

•> 1 — felspar, OOJ^V®* " 

• harra'btome,^700 * 

► labradorit©f707 

mioa, 607 ^ 

nepJieUte, 671 ”, 

oligoclase, 707 

Baryi^biotito, 608 
Barytophillite, 020 


I Basaltes aious, . 

7 ciystallisaius, 909 

^osaltine, 817 
llasler Tauftstoin, 909 
Bastite, 392 
B^tonite, 4i0|l 
Baichelonte, 401 
Batra<int%, 408 ^ 

Baulite, 663 
Bavalile, 623 
Bavenite, 733 
Baveno habit, 070 

twinning, 671 ‘ 

Beaconite, 430 
Beaumontit^, 7(?t) 
im^aite, 742* 

Beccarite, 857 
Belite, 660 , 

Bementito, 448, 1^0 
Benitoite, 836 
Bentonite, 496 
Benzehe and COj, 32 
Benzyl ifltrani^rino, 690 
♦Benzylsilicic acid, 909 * 

Borgamaskite, 821 
Borggriin, 343 
Bergmaimite, 673, 062 
Bergseifo, 472 
Boril feuillete, 458 
Borlauite, 024 
Berthierino, 022 
Berthior’s rule, 092 
Boi*trandite, 380, 381 
Beryl, 380, 803 
Beryllia loucito, 049 

Beryllium aluminohydroxyorthosihoato, 802 

— (di) bariiun orthosilicato, ^2 

— — dialuminium hoxametasilicato, 804 
— dihydroxydisilioato, 381 

fluosilicato, 962 

loucito, 803 

— manganese orthosilicato, 381 
metasilicate, 380 

— orthosilicato, 380^ 

— liomihydrated, 38 J 

potassium (lirnetasilicate, 803 

-* •silKiato, 382 

siliiatctf, 380 

- sflicide, 180 • ^ * 

- filicododecatiingstate, 8^ fir 

r- sodium hydromosotrisilicate, 381 

“» T — silicate, 382 

— sulphosilicatis 382 

Berzeline, 684 * 

Borze^te, 661 

(j^thioijarbonic acid, 119 
Beustite, 722 
Biharite, 500 , 

Ifild8t'di^n73 
piolito, b04, 606. 008* 

baryti., '61)8 • 

ti/anitorous, 009 

Biotma, 093 * 

'Btrolingite, 432 
Bi8beeite,i841 
Bisilyl, 210 

Bismuth, orthosilicato, 896 
rr^—siflcido, 189* . 

thiocarbonato, 1 aS)"* 

BismutoferAtoi, 850 



^isulfure d’hydrogeuol 04 
Hlaok-damp, 7 
Blatterzeoli^ 758 
Bloodstone, 130 \ 

Boiler scale. 80 ^ * 

Bole, 472 

of Stolpon, 498 

Bolopherito, 915 * • 
Boltonite, 384 
Bono chirief 515 
f^isdorffito, 811 
Boratosodalite, iK3 , 

Border mica, 012 
Boron silicido, 183 

ultramarine, 500 ' 

Borosilica^oe, 447 • 

BotiTBlIte, 449 
Botryolite, 44!» 

Bournouite, 455 
Bowem^p, 422 * 

Brandisito, 816 
Braunmenakorz, 840 
Brannstein Piedmo*»tis('i)or, <?08 
Bravaisite, 024, 921 
Bredborgito, 921 
Breislakito, 910 
Brovicito, 573, 053 
BrowsUmte, 575, 758 
Browslorlin, 502 
Broustorlinito, 502 
Browstohn, 502 
Bricks, Dinas, 289 

ganister, 289 

sund-limo, 283 
Britliolite, 835 
Brithynspi^, 751 
Bntisli oement, 55 1 
Brocades, 020 
Bromatosodalite, 583 
Bromocalciurn-sodalites, 5S3 
Bromolitliia-sodalite, 583 
Bromosilicomctluuie. 979 
Btornosodfflitcs, 58*# 
Broinotniodosi lane, *984 
Bronzite, 390, 39 ^ 810 
Brucito, 813 
Brunsirgite, 020 
Bucholzito. 455 
Biicklalidi^ 72 > * 

Buff stone, 46!^ 

Bustaniito, 391, 897 
liytownite, 094 


• C 

CVotlf^ite, 713 

Cadmia, 442 • 

officinalis, 442 

Cadmium diamrainotfiiocart^ate, 128 

fluosilicate, 951 * ! 

metasilicate, 441 *, • 

trihomihj^rated, 442 

or^osilicate, 440, 444 

— “ oxyorthosilicate, 444 * 

potassium trjterosilicnte, 445 

silicate, 438 

silioide, 182 • • t 

silicododecam^ybd^te, 8^ 

- silicododecatungstate, p79 


JNDEX, m 

j Cadinium thio^arbonate, 127 

ftltramarmo, 690 

4 — dihvdrometasilicate, 445 

felipa^f JU52, 668 , 

viesium llu^ihcate,*9l7 
• -• inetasili/^ate, 335 ^ , 

• (octo) silicododecatuHgdute, 877 

— }XTcid^(iiate, 8-^ * 

Calamine, 4414 *• • • 

# - electric, 442 
Calami te, 404 
Calcareoiis gius^ 2 * 

•Calcarium spatunf, 7^0 
Calciopaligorscito, 825 

^Calcium alumiiiiinn aluiriinodiortliosilicato, 

* • . 6£7* 

I, — ^ # lu^mj1('!ttoli^drat4Bd,*7 10 

* \ tPtraliydrifcHl, 712 • 

» ^ ferric clironiium silicate, 800 

(etrahydronietai^nnnte, 708 

- llhrium load fliioboryl diortli^iiil'^ 

silicate, 8tU) 

“ n^tn>siIi<*ato, 372 « 

<;arl)oimtodiortliosiIicate,Jl05 

- carbonaiosuljilMitometaHiTicato, 305 
, ccriHiff phoHp/if^tosilicate, 8‘^) 

silicozircjdolimtalnt^, 859 
I plihmmietasill^ido, 304 

I cblorortljtistbcrtfo, 301 • 

j copper inc4.aflisilica^(', 372 

1 - (di)* dmluimmuii! ponfainetasilicate, 

739 • . 

- load triinetasilical^, 888 

- - niagncsiimi silicate, 403 ^ 

zinc ortliomsilKiati', 4t4 
di^luminutomctasilicate, 728 ^ 

ilialuiiimivnn aluitiinoliydroxyl norl lio- 
silicate, 722 • 

- (lilijdropentaineHodisilicalt', 7 18 

- - ddiydrolriortliOKilicato, 7 1 8 

- (liinoKotriKilicate, 765, 759, 701 

ferrous boratotetrort liosilicale, 
911 

- liexauietaHilicatf', 733 
tny.nganous bm’atotntrortliosiU- 

• cate, 911 ^ 

ortlioHilicato, 715 t 

ortliotri8ilicirt<>, 735, 738, 749 
penlamotasilicato, 747 

» t^ramotasilic^ie, “729, 730, 739 

- tnortlio^ihilicato, 747 

• triorthoHilicate, 752 

(Iialt^inomotaSilicato, 091 
(lialftimnorthosilicato, 092 * • 

• (luJuminoi^yldiortliosilieate (diliy. 

I «’afod), 7^3 

1 ■ • dialuiniiiylorthotrisilicaki, 752 

- dibyrylinetoSilicate, 448 
dichromic ti%rJ|ho8ilicate, SOOw 

1 * .difr^ric ^lumml^liydroxytriort-hosili- 
t cfito, 722 

A tetrsrthotita^-oailicate, 840 

► IT - triortho 8 i^ic£lt 05^2 1 ^ 

diforftiua aluminohydroxydiortlio • 

^ •silicate, 919 • ^ 

• ~ dihydro(|iboryldi#rtliosilicato, 440 
- diflydAtetralunifcyldiorthosilicato, 

709 

dihydrotrin^tasflicate, 363 

^ d^ydrotrioShosilicato, 363 ^ 
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Calcium dihydroxyaluminiugi triortlK^ili* 
cat6, 764 * 

dihydroxymetasilicate, 368 9 ^ 

dihydroxy tetra^uminin^ triorthcftilii 

cate, 717 • j • 

dihjKiroxythiooarbonate* 126 • 

— ^ dihydratod, 126 • 

— • <5lmanganio alundno|iyti’8iy triortho- 
silicate, 768 * * • i 

— dimangahous dialuminium tetraliydrf- 
^ hoxortho8ilicafjj^896 

-- dioxyalumimum diortliesilicate, 713 

- - disiWoide, 176 • * 

- — ditrltasilicfde, 177 

ferric garnet, 921 # 

■ forrodiboryldiorfligsilicato, 460 

■ fot’ro^is alumiitiuln ftian^janeaaliorato- 

silillte, 911 * § 

- metasilioate, 915 

- oi^Qiiilicate, 908 

• phosphatoHilioates, 826 

• fluocolumbatosilicate, 829 * 

■ fluosifeate, 951 * • 

harinotiine, 766 

• hoxahydroxythioearbonato, 125 

- liydraxyoolumbatoailicate.SiRO • • 

- hydroxjrthiocaft)(*Tiate, 115 

■ load Hulplmtohy^rSsilicate, 890 • 
lithii^ metasilioato,*S(W 

' — ortho8lljc|ite, 

magnesium dialurninium dihydrotri- 
ort-hesilicate, 718 

- dihjdro-orthodisilicatc, 420 
i*- (j^jimetasilic^to, 410 « 

- • ennealUminoxyaluminotrisdicatc, 

816 • 

orthosilicate, 408 

trihydrohoxalumifioxyalurnino- 

triorthosilicate, 817 
“ manganoao rnetosilicate, 807 

ortliodiftilicato, 895 

— orthosilicatos, 894 

manganous ferrous inetasilicato, 917 

- - mesodisilioatc, 347 

dihydrated, 361 , 

jnesotitanosilicate, 841 

mesotrisilicata hydrated, 363 

metasilioato, ifil, 363 f 

dihydrated, 369 • 

hemihydrated, 369 ^ | 

*- hemipentahy^rated, 360 

homitrihydrated, 359 

hydrated, 3(y8 ^ * 

monoliydrated, 369, 3<fl 

pontitahydrat^d, 3^60 f ' 

monosilicide, 17^ ^ 

nitratosfiicododocatungstato, 877 

orthodisilicate, 364 ’ , 

orthoailicato, 34X, Sol 

a-, 362 *• 

362 * 

i8S3^^ 

^ . 

inonobydrated, 358 

• trihydrated, 369 , 

oxyorthosilioate, 361 , ^ 

- — parLtriailicate, 1147, 360 * * 

— (penta) dima^iiwiuin ailicat-e, 404 

— potassium ^trafluohexameta- 

sjjicate, 3C9 , ' 


Calcium phosphatosilicate, 364 

phosphatosilicates, 826 

V — potassium aluminium, ^limeeodisili* 
cate, 746 , ^ ' 

diajjuminiuiji pentam^uodisilicate, 

— hydroiiitoeta8ilicate,*369 

sesqifisilicate, 34^ * 

silicate hydrated, 368 

sijicide, 176 

silicocyanamide, 178 

silicocyanide, 17& • 

silicodecatungstate, 882 

silicododecamolybdate, 870 

— — silico8tAnnate,4i83 

- ^iIicozir^onateji, 866 • , 

• sodium aluminium sulphatol^rtho- 

siDcate, 584 

fluozirconat^silj^te, 867 

hydrotrimetosilicate, 361 

— , — manganese hydrotrimetasilicate, 
♦ 900 

^ ^ penlfemt^asilicate, 366 • 

potassium trimetasilicate, 372 

titanium ortliosilicate, 844 

zirconatosilicate, 868 

titanosilicate, 843 

— trihydroxyzirconatometasilioate, 

856 

zirconatomotasilicato, 858 

. zirconium chlorotrimesotrisili- 

cate, 857 

chlorotriortliosilicate, 867 

columbatosilicate, 868 

' -- sulphatocarbonatometasilicate, 366 

sulphosilicate, 987 $, 

(totra) hexaplumbic dihydroxytri- 

orthosilicate, 888 

— - tetrahydrometatrisilicate, 363 

totrahydrosilicododecatungstate, 877 

totrahydroxyperthiocarbonate, 131 

tetrahydroxythiocarbonate. 126 

docahydrat*d, 126 * • 

heptahydrafed, 126 

• iJotreropentasilicatof 366 
^ tetrahydrated, 366 

- trjffydrated, 366 

t/,t5nyl orthosilicate, 840 

f — ^tri) ferrous totrametbsi^iaa*te, ^06 f 
— - — magnesium orthosilicate, 409 

— ^ - trimagnesium silicate, 404 
-- ifripentitaailicate, 360 •• 

trisilicodialuminii^e, 185 

Visilicotetraluminide, 186 

altramarino, 689 
' -* — uramyl aluminium silicate, 

orthodisilicate, 883 

CalciiLm-^^falftCs, 683 
CaldefM, 921 
Oalifdrnite. 7^* * 

Calyptolite, 857, 

Camw^ilite, 46 If 
(^n^nite, 409 
Canbyite^OOS 
fantf finite, 680 

lime, 682 

C^norcianito, 738 
soda, 740 ' 

Carbon acetylene bisulphide, 113 
carbonyl ^lisulphide, 113 



Carbon dioxide action^ el^tric sparks, 

01 

light, 61 , 

r^iunn radiations, Gi 

silSbif discharge, 63 

a solvei?t, 6i) | • 

aSlsimilation^y^lanis, 12 

decomposition, 01 . • 

— - formation, 16 
►history, 1 * 

- - hydrates, 60 

I ,|^nea-, 51 

horn*-, 50 

lioxa-, 61 

— ~ - octo-, * • 

- patural^’ators, 0. il 
* occlusion in ftolids, 57 

- occurronco, 2 ^ « 

- origin, atmosimcric, 4 

- - phylBWo;?ical action, 7 
— - preparation, 16 

proix'rties, clicniical, 1 

plivnicul, 

— solubility, 4? 

- --uses, 75 

-- - (lipentitasulpliide, 87 

- (lisulpliide, 87, 95 

. — and CO.^, 32 

- - liistor\', 94 

- occurrence, 9 1 

- physiological action, 1 10 

* preparation, 94 

— properties, clieinical, 100 

_ - physical, 98 

- - - purification, 94 

reactions, 110 

. %ses, 116 

-- - (lisulpliohexabroinide, 89 
disulphotetrabroinide, 110 

dititrasulphide, 87, 88 

ethylene disulphide, 1 1 3 

hydrosulphide, 111 

^ — hydiosulphotjjsulphonuto, 92 

iiionosulphidoi 87, 89 

(piadrantos^lphide, 87 

sesquisulphide, 87 

bilicides, 180 

sulphicjes, 87 

twtritosulftliiilo, 87 

— trihoAiAulphido, 87, 89 
Carbonates, 72 
Carbonatonjj^rialite, 704 
• t’arbonatoraoiomte, 764 
Carbonic acid, 2, >2, 119 
Car\junclo, 740 
Carbunculus, 714 
Caftisite, 843 
Carlsbml twinning. 070 
Camat, 472 
Carnatite, 693 • 

Came^eite, 670, 695« 
Carneigietite, 602 
Cameliafi, 139 
Camotite, 836 
CarolAhine, 497 • 

Carpholite, 900 
Carphostiibite, 709 
Car^lite, 473 * 

Caiyopilite, 897 « 

Casaenite, 663 
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62 k Castollite, 831 
' Casviellite, OOtt 
Cataphoric, 821 
f aCpleiiC, ^6ri 
.Catospilue, 6f9, 1 
Ucat-gold, 6§4» 
i'athkinite, 432 . 

Cat’s eye,d*l^ 913 
Cat-silver, (9)4 •* • i 
Cavolinite. 6^9. 585 
Cobollite, 754 
Ccilmite, 420 
Coladonite, 920 
, (’elite, 556 
Lcelsinn, 602, 098. 700 
Cement, 553 • 

l^tish,*554 , w* , 

•clwker 5r>4i 

Parkers, 554 
~ * ^ortlantl, 554 
Hainan, 554 
Central liissite*302 
Cerainie art, 513 t 
Corosite, 80!) 

Cor-homilite, 451 ^ 

^aiutn (^iktiiiiii pliosphatosilicaC, 8 
Hilico/,ifciftqfantalate,^r>9 
— IhiosilicaU', 1)^% 

-- •silicate, • 

- hilicido, ljl4 

silicndodecatungsiifte, 880 

sodium phoM|)liatoailicato. 835 

Cerolite, 423 
('habasin, 729 
Chabasite, ?21) 

• silver, 083 
Chabafite, 575 

- — ainino^jiuin, 733 

- barium, 733 
inagnosiuin, 733 

natron, 734 

potassium, 7.33 

Hoiliuiri, 733 

-- t hallo-, 820 
Chiilccdony, 139 
Cliak'odiC, t)24 
Chalcolamprifi‘, 829 
Chileoinorphito, 302 
Chahttte, 709 
Chalk, j^'roteff, 430 
(’hrtfcnisite, 023 ^ 

Chauiosito, 022 
^'hapinapi^o, 830 
( ’) laroncjs sc robes, 0 
^’luu-on’s sewers, 0 
ChelmsfAdite, 763 
Cliert, 14* • 

Chosterlite, 003 • 

(’hioHtotite, 458 ^ 

Ckinapl^one, 515 • 

• - rix^k, 407 

• a- ironstorfe, 615 j 
Cliiniblobarcito, 883 

, ChlwCiC, 392 
LchRirastrfilite, 718 

^Chlor%toscidifiito, 58? 

(nilorile, 021 
— fernigineuse, 624 
iron, 624 \ 
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• 

Chlorite mica, 022 

spar, 620 

talc, 622 

Chlorites, 003 • 

-- — Iflolitic, 625 • I 

— - constitution, 024 < 

mar^aritic, 425* • 

— phlogopitic, 625 
wnite, 022 

Chloritis, 621 , • 

Chloritite, a-, 024 . * 

Chloritoid, 620 f *• 

C*lfloro.anorthite’(hy(lmte4), ^00 
Chloroclifli^azite.^bariinfi, 733 

sodium, 733 

Chloroform and CO.j, 

(Jhlorornarialito, 764, , 

Chloronfhlalie, 

Chforomelanito, 6*1 
Chloropal, 90^ 

Cyorophanrrii!^, •.! 1 9 
•Chloitifdiyll, 12 
ChlorophylUto, 811 , 

Cliloropito, (fii 
Chloroplasts, W 
Chlorosilicornethario, 970 
Clilorotribilimosilano, 9§0* 

Chlorotriiodidfi, 983 •• 

Chocolate st^ne, 899 % 

Choke-damfk, 7 ^ 

t-'hondrodito, 812 • • 

Christianite, 093, 730 
Clii^miatosodalite, %00 
Chi^rflltosodalifes, 583 
Wmimo (Jbhres, 865 { 

*ChroMO-diopslde, 4l0 

— tourmalines, 742 
(’hromic-aernite, 914 
Chromic augites, 818 
diopside, 881 

' — chloraquotetrarnminofluosilicato, 956 
• — chloropontamrainofluosilicato, 956 
purpureofluosilicato, 956 

— rosoofluosilicato, 956 

■ sodium dimotasilicate, 914 
Chromium (di) calcium triorthoSilicHt(\j866 

hexahydrotriorthosilicate, 865 

~ magnosiunjiitriorthosilicato, 8tj 
- disilicide, 191 * * 

~ — ditritosilicifie, 191 ' t , 

ferric aluminiifiin calcium silicaif ■, JK16 

— - - fluosilicate, 956 

heraisilicide, 191 , < t 

— — hopiiirisilicide, 189^ 

, silicododecamolybdate, 871 ' 

— silicododocatungstato* 88 V 

thiocarbonato, 1281 

tritaailicide, 191 , 

Chrornocyclito, 368 ^ 

Cliromoo^^clitos, 370 ^ • 

Chromodisilicio (di) aUnd, 86tT , 
(Jhrornophores, 692 
Chrysocolla, 342 ' 

Chrysolite, 385 » 

Chrysophane, 816 * 

Chry8ot)hra8e earth, 933 
Chrysopros oartli,' 624 ® 

Chrysopradh, 139 ^ 

Chrysotilo, 422, 426 
Cbrjlifftylio acid, 295 


Iciment olectrique, 559 

fondu, 669 

i — noir, 6^9 
Jhmolian earth, 496 
Cimolite, 495 
Cin|rary uni8jJ612 
Cinnamon-stone, sv 
Ciplytef83^ , 

Citrine, 138 
Clay, colloidal, 48f 

edible, 471 

— Kambara, 496 

plasticity, 485 * 

properties, chemical, 491 

pliysical, <476 

- •*- (see china clay)* 

-- — sabstance, 473* 

true, 473 * 

Clayite, 467, 476 

Clays, 467 

flint, 477 

— tallow, 442 
CloavelanHite, 6^)3 
(#lingmanite, 707 * 

Clinoanthophyllite, 398 
(Jimochlare, 621, 622 
Clmoddrite (clinohedrito), 443, 445 
Clfiioenstatito, 396 
(dinobumito, 813 
(Minoptilolilo, 748 
Clinozoisite, 722 
Clintonitc, 816 
(lintonitos, 603 
Chithalite, 646 

Cobalt amminomctttHiJicati', 932 
- disilicide, 208 
ditritasilicide, 209 

- -- fluosilicate, 967 
— ^ — homisilicide, 208 

Iioxamminotliiocarbonato, 128 

inetasilicate, 932 

I — monosilicide, 208 
ortbosilicate, 932 

- silicate, 931 * 

- - silinododecatungstate, 881 

thiocarbonato, 129 
(fmrailnos, 129 

— trisil*cid(f. 209 , 

zirft orthosilicate, 933 , • • 

C!«L^baltic bromopentamminofluOsilicate, 9(f» 
- — broraopuriiureofluosilicato, 958 

#hloraquotetramminofluo|ijicate, 968 

- chloropentaraminofluosilicate, 957 

- — ehloropurpureofluosWicate, 967 
chjbrotetraiuininotetrerosilicate, 1^12 

ch Jorotriamminotetrerosilicate, ^32 
liexamminofluosilicate, 957 ** 

- — Iuteoflup^i4cato, 957 

ni\D|Tftntamminofluosilicate, 957 

tetraraminodiaqucfluosilicate, 958 

-- — tetroiwr&fnotet^erosilicatohydroxide, 

m ' 

tetrammindtriteroBilicatoinetasiiicate, 

r r 932 • 

i^trerenilioate, 932 * • 

— »- xanthofluosilicate, 967 
Coccolite, 409 * • 

Cvr^Ietnfi, 586 ♦ * ^ 

CcBuIeiim montanum, 

Colerainite, 6l2 r • 
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CoUojdaftlay, 477 
Collyrite, 497 
Collyrium, 497 
Colophoniw, 9fil^ 

Comarite, 931 ^ 

Comptonitl, 709, 74? 

C’onarite, 9^1 
(jonfolensito, 49H* • 

Cormarite, 931 
Cookoite, 407 

^pper aluminosilicate, 314 

^raminox^^iiocarbonate, 1 2a 

— barium silicate, 373 « • 

- - calcium inotadimotasilicate, 372 

(liamminodi8ibca4e. all # 

- - (libe[jtitasili^(le, 172 • 

-^l^p^ntitasilieiile, f72 

ditntaHilicide. 172 

lieinisilicide, 172 

liemitnsilfWdf^ 172 

nfttasdicate, diliydrated, 313 

- pliosphatoduosilicato, 950 ^ 

- platimim silicide, 213* 

- silicates, 340 * 

silicide, 170 

strontium silicate, 373 

totrasilicide, 171, 172 

tetritasilicide, 171 

tliioi arbamaU', 132 
tnsilicide, 172 
(’ordici‘ik\ 809 
a-, 809 
fi; 809 

t'oriK'Us crystallitsat us, 821 
- - - lissilis, 821 

- - solidus, 821 
Cornish stone, 407 
Cornuito, 342 
Corundelito, 708 
Conindo[)liihte, 023 
Corundum, nudrix of, 093 
Cosmoclilore, 805 

(^smochr#initc, 81^ 

Cossaite, 007 • 

t'ossyrite, 830 , 

t'ottaito, 063 
('o( ton-stone, 751 
Coupholito, J17 
Cousemniio, 703 * 
ffaio de Bflatifon, 430 
Crostraoreite, 359 
Creta Brianjgma, 429 
, — cimolia, 490 

fullonia, 490 • 

^ispanica, 429 

- - Sartoria, 429 
CriftBbalito, 139 
a-, 240 

analyses, 242 

- -i?-, 240 • 

preparation, 237* 

Crocalite, 673, 063 
Crocidolite, 913 
Cronstedtite, 623 * 

CroBsitI, 913 * 

Cross-atone, 468 
Crucilite, 909 ’ 

Cryophillite, 607 
Crypfcohalite, 946 
(Jiyptolin, 663 




Crjipto|>ert bites. 063 
Cryptotile, 6’ifl, 605 

S itile, 812 
1 glaaa, 622 

llizatioli, m»ltiple, 612 
1 Cu^re hy(n*(fBilic-eux, ^43 
iCulsageeile, 608 . • 

CummingHi|te, 391^717 
Cupric ammyio^i^kfulicaie, 341 
^ oarbonatosilicatoa, 343* 
diamminomebi|ilieato, 34 I 
ihby(ii*o-^rtllt)sllicnte„ 342 
dioxytbioci#bQnato, 124 , 

fluosilicate, 949 • 

hoxah> drat eil, 949 
* tetrah> drifted, 950 
n^tas!li«at»'t?lNfI • 

• • l^>nulf>'draled#8' 1 

^ hydrated, 312 
* monohydraled, 
oiydilliiocarbonate, 124 
siboododi'catungstate, 877 
sodiinit sili<’i#e, 341 ^ 

tluoearlHUiate, 124 ^ 

Cuprosic sulpbotritkiocarbimate, 125 
^<j|)rosil«’ini. 170^ ^ • 

Cuprous amnioniurn t^ioearbyiiale, 125 
-^Ouosilicate, 

*ortlioHili»n4<\ 3^ 1 • 

[lotassiiml <4icMinotbiocarlTOnnle, 124 
- « tbioi’arbonale, 125 

tliiocarboiiafe, 124 ^ • 

Cvamte, 458 
Cyanogen lyid CO ,, 32 
Cvanoiito, 362 ' i 

Cyanoy’lcbile, 311 
(’\anus, 586 

C\ cloliexasilirio.xcrH', 233 
(hclopeite, 916 
C'yclopite, 693, 910 
Cyprine, 720 

Cvrtolile. 840) 


I) 

• * 

Dainounte, 00(, 

DaHali^CX 382 •, 

Dnaburito, 4^ 

I biuneniorifp. 391, 917 ^ 
l)afftr*o, 741 • 

J)ap\)nite, 023 
l>athMit$M49 ‘ • 
I)ntolite^449 
t)at#litie jM id, 29^1, 41!t 
I l)avidBon\e,%03 
Duvina, 509 
1 )avyn, 509 » 

Davy no,* 580, 58^ ^ 
D<3’abA>«no8ili(jpbutarM*^, 981 
Dolab|omoto4TaHilane, 981 

^bf;ahydro(le(^ilocto>4uio. 232 
1 Delor|tion, on-glaze, 

* undef -glaze, 5^4 

Deockile, 747 
illoglrOite, 3)08 
DelanfJrite,*Ol33 
Delanouite, 498 
Deleasite, 624 
5 •Delphi nito, 721 



Demantoid, 021 
Demidoffite,<l44 
Demidovite, 344 
Derma^ne, 423 , 

Desmine, 67 B, 758 * 

Douterosilicic acids, 9iP8 
De^Yalquite, 836 
Deweylfte, 423 
Diabantachronnyii, 623* 

Diabantite, 62;? 

Diaclasit^, 392 
Diagonite, 768 • 

Diallago, M8 

• in6taTloide, 891 

vari6t6 vorto, 822 

vorte, 392 * , • 

Ujalumiaiufn caiciurft (ffmf^8oU’iHilic|Jo, J69 
DitHuminodisilicillK id, 474* ** 

Diana’s earth, 471 ► 

Diastatite, 82<!» • 
al5i1itoinacoou8 oartli, 289 
^ Diatomito, 142 
Dibromodicl4orosilano, 9)?0 
Dibromodiiodijsilane, 984 
Dibromosilane, 979 • 

Dibromosilicomotliano, ^7i) 
Dichlorodiiod^silano, 
f)ichlorosilano, 960, 97U • 
Dichlorosil^methane, 970** 

Dichroito, S)8 • ' 

Didjumolite, 767 
Didrimite, 607 


Di^iaito, 007 • 

flyosilicato, 1)64 

• plicate, 826 • 

Di'iiiyTOolite, 767 

' l^ethyl aa-ditliioc‘ar})onab\ 

^-thioearbonatc, 1 20 

thiocarbonate, 1 20 

Dillnite, 473 
Diogenito, 392 
Diopsido, 390, 409 

baryta, 412 

clirorne, 410 

chromio, 818 

sjjontia, 412 

•topsides, 410 
Dioptoso, 342 •* 

Diphanite, 700 
Diphenylsiliooetlliylfiie, 220 
Dipyro, 763 • 

Diailone, 210, 222 
Disilanio acid, 216 

* Disilond, 2l6 

* Diailenyl, 216 
Disilioane, 222 
Disiloxane, 233 
Disilyl, 216 
Disterrit®, 816 

• Diathene, 468 ,* 

manganese, 836 


120 


Dlthiooarbonio aoi^llO « 

D4thiolcarbenio.ja<!af 1 1^ 
Dithiolthionoarboaio acid, 120 * 
Ditlii^ldonoarboAio acid, 119 ^ 
Dixenite, 835 • t . 

lleoaohloTosUicobutanl, 060, 97.1 


Deoaohlorotetraailone.^OOO, 973 
DecaVhlorotetraailoxane, ^ 

, Dodecaohi^roctcwailoxane, 975 


960, 973 

Dodecachloroeilicopentane, 960, 973 
Dprorite, 729* 
iJoucil, 676 
Dravite, 741 
' Drylwhite sCoi^B, 461 
Dudleyite, 608 • t 

Dumasifo, §24* 

Dumortierite, 462 ^ 

Dunite, ^86 
Dynamite, 289 
Dysanite, 898 
•Dyssyntrflbitas 610 


Eakleite, 360 t ^ 

Earth chrysopras, 624 

ciraolian, 496 

— ^ Djyana’s, 47 1 

diatgmaceous, 142 

fnller’s, 499 , , 

* - Lemnian, 47 1 

porcelain, 472 

— porcollana, 472 

sinopisian, 472 

Earthenware, 514 
Echellito, 717 
Ecnme de mor, 427 
Kdelite, 718 
Edenite, 391, 821 
Edingtonite, 675, 751 
Egeran, 726 
Eggonite, 442 
Egyptian blue. 373 
Ehronbergite, 496 
Eisenamianth, 240 
Eisonkiosel, 138 
Eisenschefferite, 396 
Eisenstoin Elan, 913 
R iHonstei nrnark ,473 
Eisontalk, 43 1 
Ekoborgito, 762 
E^marffte, 624 
Eftropito, 918 
Klaeolite, r^9 • 
Elbaite,'»2 
I^ctrio calamine, 442 
^huyflrite, 497 
ElpWiio, 865 
EmefaW, 803 
Kmerylite, 708 
Endeiolite, 830 
Engelhf.rdite, 857 
Eaophke, 423 
Enstatite, 390, 391, 40b 
Epichlgrit^#024 
Epidesi^e, 759 
H^ididymite, ‘ 

Epidote, 121 • 

al6minium^*722 

t fron, 722 

magnesia, 722 

man^nese, 768 

~ — mangan^seif^re, 768 
Epjdyp4^» 380 
Ilpigemte, 894 * 

Epmatrolite^654 
Epiphanite, d2 • * 



Epistabite, 576, 760 • 

Epistolite, 838 

®^Wum8i^^odecatung8tatc,^80 

Erdmaimite, 45^ ‘ ‘ 

Erikito, 835 
Erinite, 49S 
Erionite, 768 * 

Errite, 896 • 

Ersbyite,f63 
^^thrite, 663 
Esclferit^, 721 ^ 

Esmarkite, 449, 81 1 
Essonite, 716 

Ethane and COu, 32 • • 

Ether a^d CO„ 3^ • 

Et1!ifcyorthodisilicatethoxa), 31w 
Ethyl ammonium (tetr^.^inetaailioatep 

rhloro-jS-thiocarbonate, 120 

ijjetasiliflRo, !109 

- orthosilioate, 309, 972 

■ - orthothiocarbonate, 1 19 , 

« - silicic acid, ^09 ^ • 

silicon (di) dicldoride, 309 

oxide, 309 

- - (tri) acetate, 309 

. . hydroxide, 309 

trichloride, 309 

thiolcarbamate, 132 

thioncarbamato, 132 

- tritbiocarbonato, 120 
— - ultraniarino, 690 

Etruscan ware, 613 
Euchlorito, 608 
lOucIaso, 802 
Eucolito,^56, 867 

titanite, 840 

Eiicryi)tite, 669 
Eudialyte, 856, 867 
Eiididyraite, 380, 381 
Eudnophite, 046 » 

Eudomophite, 676 
Eukampfito, 

Eulytine, 830 * 

Euphyllito, 607 • 

Euralite, 623 
Euthallite, 644 
Euzeolite, 765 
^vastori ^peffimcdt, 49 


Facollite, 671 * 

EaMspatli. 661 
Fjj^n^, 613 
FaiRstemmark, 472 
Faratsihite, 907 
Fargite, 662 
FarOelite, 709 
Faserkiesel, 455 
Faserzoolith, 768 
Faesaite, 390, 817, 

Fauj^te, 676, 747 
Fayaate, 386, OOtf 

manganes^ 906 

zinc* 906, 909 

Featlier mica, 6U % , 

Feldspar, 662 ^ 

Feldspath, krummblat{er%ei' 663 
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Feiito, 556 
FelsRe, 603 * 

Felf^ar, 661 

avtntariae, 693 

698, f06, 707 
ca»sia, 662, 668 ^ 
ferric, 695 • 

gla8»^.g>62 , 

Kapnil^, • 

g Labrador, 693 • 

lazur, 663 . * 

lead, 662, 6lf8 1 

lithia, 662,^68 

magnesia, 662, 698 • 

rubidia, 662, 668 

8tr<¥ity, 662^^98, 707 
~ J^riictuic, 000^797 ^ 

' uses fyi, 6tf3 •• 

-^inc, 662 

Felspai*s, alkali, const it ut^catfiOOO 

m — Hynthesis, 667 

analysiif, 664 

propf^ies, (fhemical, 061^ 

-- — — physical, 680 
Vlspath opyre, 

- d<'e?nnpo8e,^4j 
' du Forez, 4 68 


di'eJnnpose^^-UiS 

du Forez, 46}J % 

Felgspath, 661 


Ferric aluinhihiin ^•hrornium ^alciuin sili- 
cate, ^ ^ 

-- anerthito, 698 * 

calcium gaftiet, 92^ « 

(di) calcium aluminohydroxy^iortho- 

• silicate, ^722^ 

totrf)rtho4itanat()silj< ate, 846 

triorthosilicate, 921 ' ^ 

felspar, 695 « 

ferrv'Kcrrous barium decainelasilica^e, 

922 

• - fluosilicate, 957 
Icucito, 649, 919 
metosilicato, 907 
— orthoclano, 662, 608 
orthosilicato, 905 

potasjjium ilimctasilicate, 914, 919 

• - metasUicato, hydrated, 920 

silicododocamolybdato, 871 • ' 
jilicododecatun^^ate, 881 
sodiurn^imetasilicnte, 913 
lAioi^rbonate, 12^ • 

* fourmalinein 742 
Fei^ierite, 749 

ernte,t588 * • 

^Ferroaifthophyllit/O, 910 
Fe»ro-a?|unite, OJl 
Ferrosiiiignc?, 198 
Forrosilicon, 136, r98 
FerrosiJizium, 198 
Ferro^tanite, 810 ^ , 

l^jrouu antimpnaU)B»|^cate, 836 
- #)ariuni ferric ferryl docametasilicate, 
1422 

, # ortho8ilj[ca1e,*^8 ^ , 

calcfum aluminium manganese borato* 

silicate, 914 ^ 

— : _? dialurni^jiurn, iKiratotelrortho* 

^ * silicate, 911 * 

motaeilicate, 916 

ort)iirai]i(*ate, 908 

phortphatosilicates, 836 
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Ferrous (di) calcium alumiy.ohydroxy^- 
orthosilicate, 919 ‘ 

— dialuminium triorthoBilicatc, 910 1 

fluosilicate, 967 ^ * *•* • • 

magnesium metasiliCate, 91J 

<)rtho8ilicat^, 908 * * 

— “ manganese afitimonatosilicate, 836 

* ohlorohepta|jvdrortltjlfteate,896 

metasilicate, ul*7** • 

r- trimtftasilicate, 624 i 

— ^ manganous calciu|^ metasilicate, 917 

orthoailicate/OflO • 

metaailicate, 912 , • 

• orthcftilicatflj 906, 906 

pentaluminoxyaluminot rimososilicate, 

620 • , . 

pen^almminpxyfUufmitotriortlioAicate, 

• 620 •• • • ^ 

— - potassium sodium titanium (m* 11»[}. 
siiicat<^<i843 

Siodiura titanometasilicatc, 846 • 

— sulphosilicate, 987 • 

— * tliiocarWnato, 1 28 * • 

titan ium^iodium trimotaailicato, 843 

toiurmaline, 742 • 

- --- tricalcium tetrairie^an|li(‘ate,^t!)r) 

- - -* ultramargie, 690< 

— - zinc orthosilicate, 5lf.) , 

Ferry 1 bar^n ferric mrefluft decamota- 
silicalo, 922 , • ' 

(di) lead orthodiSilicate, 889 • 

— w metasilicate, ^1 • 

Fet^t^ijri, 569 • 
jj|fMrsteim 140 
Cmrolite, 465 • 

Fi^hfugenstein, 368 

* Fittig’s reaction, 966 
Flint, 140 

- — clays, 477 
Flints, liquor of, 317 

oil of, 317 

Flokite, 748 

Fluoboryl load barium calcium diorthotri- 
silicato, 890 

Fluosilicates, 934, 940, 944 
Foresite, 769 
^life.Tinaioiodalito, 683 
Formic acid, 72 ,• 

Forsterite, 384, 385 
Foshagitc, 363 * , 

Fo«qu6ite, 721 
Fowlerite, 391, 898 


INDEX ^ 

llalacite, 652 
Galactite, 762 


Galapectite, il94 
\ Gllliu 


Freezing rnixturo, Tliiloiter’s, 33 
♦Friedelit3,*896 
•Frugardito, 726 
h’uchsite, 606, 607 
Fuggerite, 713 • 

Fuhlunito, 812 
Fullenoium, 496 
• Fuller’s earth, 496 ,• 

Fusoite, 762 


Qabbronite, 669, 762 * 
Qlabronite,^69 t * - • 

Gadoliniun silicododecatungstate, 880 
Gag^to, 894 * < 

^ Gannite, 71^0 


rilium siIicododecatuiJg|At6, 
[ Galmei, 442 * 

Gali^eja, 442 ■ . 

Gamsigradite, 82 !• ( 

Ganistef, 110 • 

bricks, 289 

Ganomafte, 888 
Ganophyllito, 901 
Garnet, black, 921 

* Boh^iati, 816 

— - calcium ferri^;, 92 1 

— common,* 921 9 

— ^manganeSe, 901^ 

onental, 910 

— precious, 904 • 

— - Syrian, 910 

- yttria, 921 
Garnets^ alkali, 682 
‘Garniente^ 933 
Gamitic acid, 296 
(fffe, calcareous, 2 

car^omim, 1 

— w musti, I 

- uvanun, 1 

- vinomin, 1 
Gastaldito, 643 
Gavito, 430 
Gedrite, 391, 396 
Geblonito, 713, 728 
Gelborde, 472 
Goinmahuji, 498 
Geuthite, 932 
Germanium glass, 622 

— ultramarine, 590 
Germarito, 392 
Geysorite, 141 
Giesockite, 619 
Gigantohte, 619 
Gignatolite, 812 
Gilbertite, 600 
Gillespito, 90t? 

Gyiingilb, 008 
Gi^stoin, 430 
Gilumin, ltf4 • 

Gioberite,^27 
Gijimondito, 676, 711 
Ulufite,*746 
Glagfcrite, 496 
Glancf) gPpar, 466 
Glanzspath, 466 
Glass, 620 

Bcjiemian, 522 

• boiosilicaie, 622 

bottle, 622 

— crown. 4>£2* 

cr^^j^i-, 622 

flitit, 522,. • 

- — - hydrated, 32 1 

Jerib, 622 

» ntalleable, 620 , 

manufacture, 622 

Twiscof y, 606 

— ^ phosphatosilicate, 621J 

pqt^h-lead, 622 

__iA_V)otagh-lime, ^2 # , 

pots, 622 ^ ’ 

—— nronertim. tih^sical. 624 



Glaw, scfea lime, 522. *■ 
thallium, 820 

" toughened, 531 
Glasses, ge^nan^m, 522 
GiassschOrl, })1 lA • 
Glasstein, flll • 
Glassy fois|far, 002 
Glasurite, 907 4 • 
Glaucochroito, 89-1 
GIaueolit% 702 
Glauconite, 682, 919 
^-^soda, 920 
(llaucoplmne, JtTi, f)43 

litlua, 044 

Olaze, salt, 614 
Glimmer, 004 
Gl!ilJli^e,''^85 
Glossecollito, 495 
Glottalite, 752 • 

Gluoinum 
Gmeliiflto, 575 
- - potassium, 7 

- sudiiim, 735 

Gifkumite, 720 • 

Gold siliciate, 345 

-- silicates, 340 

- bilicido, 175 

thiocarboiiate, 125 

Gongylito, 019, Si 2 
Goimaidito, 70H 
( Joshenito, 803 
Grangosite, 024 
Graluirnito, 392 
Gramenile, 907 
Graimnatite, 404 
Grammite. 353 
Granat+m^oisse, 048 
Granatite, 909 
Granatiis, 714 
Grandidiente, 917 
Graiidito, 714 ^ 

Granite wan*, 515 
Grastite, 4)22 
(%een earth, 920 * ^ 

ultramarine. 591 

Greenahte, 91 >7 * 

( f reonovite, S3t) 
Gieenstono, 405 
Grcna^^, 7J4* i 
• ■ FahlCIn/ 9 I 0 

resinite, 921 

" — syriai^, 7 1 5 
, Grenats blancs, 048 
Grengesite, 024 » 

Grifyiard’s react ion, 9(91 
Griqiialandito, 913 
GrtliliAute, 022 
Groehauitea, 021 
Groddeekite, 734 
Groppite, 812 
Grossular, 714, 715 
Grothite, 840 
Griinerde, 920 
Griinerite, 012 * 

Guarirfite, 857 • 

Ouarnaceino, 715 
Oumbelitt^ 500 • 
Guran)ito, 494 
Gurolite, 362 ** 

Gymnite, 420, 423 


Gymiite iron, 423 
I -- tuu'kel, 932 
I Gvrohte, 302 
U ' « 


• 

Habit of •^Jularia, 070 

«‘r3'8lall, HigU •* 

— - sanidinl*), 070 
%labit, llaveiu), 070 
Haekmiuiito, |>83 »* | 

, Hivmoglobm, 1 U 
llutneliordite, ti93 * 

11 HI into, 855 
* Hal lit e, 009 • 

Hallo\|ito, • 

HaAnmitdiivos, 4J0 1. 

Hampliiriti* 431 
llanoV'kite, 722 
Haplovne, 921 
< Hanlyslonitq, 444 
Harmotonaj, 575, *738, 7t»ii 
bary ti, 700 
eah’iuin, 73t). 7tl0 
potji'iisium, 70 ) 

' * sodium, 707* » 

Harmotomie aeid.j29.'). 707 * 
Harhngfonit^, 7^19 4 
Haretigite, 89tJ ^ 

Hustingsjte, 821 
Hauvne, 580, 58 1* 

Haujnite, 58 4 
Haughtomte, 005, tiO!) 
Ha\denite,*729 | 

Haytonite, 449 
HelH'tfno,,43s 
He<*atohte, |M13 
Heetonte, 821 
Hedenbergile, 390, 915 
mangano-, 915 
titano-, 910 
Heliodor, 803 
Heli'jlite, 003 
Heliotrope, 139 
Hel^ninthe, *022 
Hehetan, 009 
Hiivino, 382 
HelviJb, 382 
> Hemiinoi']\4)iA‘. 442 
H e|iLvtJiiorz, 343 ^ 
Heptabydrosiheodecatimgstic acid, 
^leriftanrr^lte, 897 » 

Horschelito, 729 
»Hei|^enbergit4*, 381 
HesKonitl. 745 * 

Heteroelme, 897 3 

Hoteromorito, 71^0 
H(jteroiV)lya<'ula».800, 807 
Hi3ulaA(|ito, 575, TOT) . 

i^mmoiytAii, 757 * 

*" * potaasium, 757 
* 1 - sodium, *767 ^ 

HouJilbdi^c acid, 295, 75u^ • 

Hoxe^roinodiniethyl trii^dpbide, 93 
^ Hoiabroniodiailane, 981 
Hexaljroinob^icoeth^e, lf81 
Hoxaehlorodimethyl disulphide, ^*3 

trisulphitje, 914 

^ HexarhlorodiHi\no, 900, 971 



1006, 


Hexachlorodisiloxane, 974 
Hexachlorododecamminodisilane, 072 
Hexachlorosilicoethane, 960, 971 
Hexaethylsiliuoethane, 226 
HexagAiite, 404 • ^ 

HexahydrocIoBiltridecoxane, 2^ 
Hexaiododlsilane, ^8# 
Hexaio^silicoethane, 984 * 
HexadifthylgilicoetharA^ 'iH 
HoxaplienylHilicoetliane, 22o 
Kexasilifno, 225 
Hexanjlicane, 225 
Iftftcitofl, 312 
HiddemtO4640 

• Hioratite, 940 * 

HilliirigBite, 917 
Hillebrandite, 358 
HiortdaftlitS, 851. 8i 
Hisingerite, 908 

mangaii-. 908 * 

Hcj^dgkinsoni t 4 
^oofA'ite, 907 

• Hqhlapath, 458 , 

Holmite, 8 HP 
Holmquiatito,<644 
Homilito, 450 
Hoviblenddl 391, 821 

~ — a8beHtoH,#420 * 

- Labra<lpr, 391 

soda, iijo 

Hornmangan, 897 • , 

Hornsteiii, 821 
Hoftistoae, 140 • 

ilojloiielito, 380, 008 
Halite, 451 • 

^udiwnite, 821 • • 

Himo, 624 
I-^elvite, 800 
llumbolditito, 752 
Humboldtit. 0 , 440 
Humite, 813 
Hunteritp, 405 
Huronito, 093 
Hvorlora, 921 

Hyacinto blanelio do la Somma, 702 

de VoHuve, 720 » 

v^lcanique, 720 

^ifyAointWo blaucho, 7|I0 
cruciform^, 700 


Hyacinthica, fimira, 700 
Hyacinthino, 720 • 

Hyacinthus octodecabodriTus, 720 
Hyalite, 141 , 

Hyalopba^io, 002 * 

JHyalosiaerite, 908 
Hyalotecile, 889 • 

Hydrazine fluosilioato, 946 
Hydrobiotite, 61)9 , 

Hydrocarbonates, 72 . 

Hydrocarftorite, 652 ^ * 

• Hydroeuoryptite, 673* 
Hydrofluoaluminio acid, 943 
Hydroduomesodisiliofr acid, 967 
Hydrofluo8il4oio<46id,*934, 940 

— t dihydrata, 942 

— (► — monohydrate, 942 i 

tetrahydretft. 942 • • 

Hydrogen 4md CO., 32* 

;« ^oride and COg, ,32 

^•Jhiciuretted, 216 


yjDBX ■ 

bydrolite, ^34 
* Hydrdmica, 606 
Hydromicas, 603 
I^dronepheftte, 573, 575 
l^drophane, 141 $ i 

Hy(kophite„4i3 • 

Hycfrophlogop Ibe, 

’I Hydrofdiylite, 6Hr * , 

Hydropite, b97 
Hydrorliodonite, 897 

Hydrosilicododecamolybdic acid, 867, 868 
, Hydrosilicododocatungstic acid, 874 # < 

— ^docosihydraW, ^1 

icol^ihydrate, 871 

octoco^6hyd^ate, 871 

I per^adecanydrate, 871 

Hydroailicons, 215 • 

— uiisaturatecL 226 
Hydrotalc, 430, 02t 
Hydrotephroite, 894 # «■» 

Hydrotliiocarbonsaure, 119 
• Hydro V'homsonite, 711 
Hydroxylftmine fluosilicate, 946 
Hydroxysodalite* 588 • 

Hyocinths, 715 
llyporstbene, 390, 391 
H/posclerite, 663 
I Hypostilbite, 759 
HyposulphitoHodaliie, 583 


I 

Iberito, 019, 812 
Ice spar, 002 
Ichthyophthalmite, 308 
Iddingsito, 388 
Idocraso, 720 
— - mangano, 720 

Igelstromite, 908 
Illuderite, 719 
Ilvaite, 918 
Indiamte, 495 
Indicolito, 741 * 

Ii^ite,^894 
InhLsorial ciirth. 289 
Ink, silve^ 024 
Invasiorf coelHcienf, 49 
Iqiflato^dalito, 583 
ft)dosodalite8, 583 
lolito^SfS 

Iridium thiocarbonato, 129 

ammine, 129 # 

Iron anthophyllite, 912 
chforite, 624 

- — di^ntitasilicide, 200 

disilicide. 201 

di|ri^|«mci&e, 200 

e^obte, 722^ * 

— - hemisili^iQfe, 199# 

heqpitriSilicido, 200 

^ manganese fritasilicide, 199 

monosilicide, 200 * 

silicate, 906 • 

■~y~ tmocarbonate hexammine, 129 

I tourmalines, 741 • # 

-^trisfticide* 201* . 

'trit8(ii8ilicide,*200 

tritasilidldc^ 199 



Iron tridtritasilicide, ^ 
iron-gymiiite, 423 
Iron^knebelito, 908 
Iron*nfttro#l4?, (i^ 

Iroiiatone 

Iron-zoisit%, 720 • 

Irvingite, 606 • • . 

Isohydrogilicodoiecitun^tic^o^l, i92 
Isopolyacids, 867 
Isotachio^961 
^acoluinito, 140 
wtnsrite, 684 
Ivaarito, 846 
Iviglito, 600 


Jacinta la Ijella, 715 
Jacksonito, 7 hi* • 
Jado. f05, 455, 094 

de Sdussui-o, 694 

Swiss, 694 

“ ■ U'liaco, 694 * 
Jadoite, 540, 043 
Jasiier, 140, 515 

Egyptian, 140 

Jefferibite, 009 
JefTersonite, 390, 910 
Jelletito, 921 
Jonito, 918 
Jeiikinsite, 423 
Jcvreinovit^, 720 
Joaqvunito, 843 
Jolinstrupito, 844 
Jollyil-e, 908 
Jiirupait^420 


K 

KanimerenU', 022 
Kaorsuti^, 821, 823 
Kalbaite, 742 , * 

Kaliophilito, 571 
Kaliophilitos, hydrated, 574 
Kalklabrador, 703 
Kancolstein. 715 
Kaolisi, 4^7 
a., 470 ' 

jS-, 470 

y., 470 

, 8-, 470' 

Kaolinic acid, 474? 509 
Kadinite, 467, 476 
Kaminization, 468 
K&^tuk felspar, 896 
Kapuikite, 896 
Karinthine, 821 
Karoholite, 900 i 
Kaiabolio metabolism, 1 1 
Katangite, 342 « 

Katsenauge, 139 
Katsensilber, 604 
KeatiiTgite, 898 * 

Keflekil tartaronim, 921 
KefEekiU, 427 
KeffekUto, 921 
Keilhauite, 840 
Kentrolite, 880 


• Kyomyl, 945 

Ker^te, 609, <6 19, 622 
Kiemdgulir, 142, 281h 
Jj^hidk^pfqr, ^43 
, f Kjlselmaladlite, ly 3* 

4 Ki>scLmail|faii> 890 
^ Kiwjelziiikorz, 442 • 

Kieselzinkt»f^tb> 442 
Kdleiiite, 6I» S # / 

Killinito, 04S 
^irwaiulo, 821 
Kleinontite, 023 i 
* Klipstcinile, SOTi 
Klyphite, 816 
, Knall gloser, 530 
* Knebolit<', 908 

i’vn, 90^ , 

Ko^lmU 454 j 

KoUMngito,^845 , 

KohKl^iHchwefohvaKserstofTsyij/e, 1 19 

Kokscharointe, 821 

Kolophonile*>92l 

Koriierupiiu^, 812.- 

KotschulH'iu), 622 

Krablito, 6(i3 

KratliUs 04)3 ^ 

KW'Uzki'istalle, 760 ’ 

Krouzstoin, 700 ' 

Krokalito, ' 

Kiibizito, 044 I , 

Kuboid,,044 
Kul)aizil4‘, 729 • 

Kimzile, 040 
Kiipferbhiiy 343 
Kupfergnin, 343 I 
Kupfor|x>chor/, 343 
Kiipfelsiimragd, 342 
Kupfferit^^, 390 
Kuphite, 574 
Kuphonspaib, 574 
Kyanite, 458 


L 

J^ulfudor, (W3 
- - felspar, ()'I3 

Eu bradorih', 002, 093 > 

- - Ouryta, 707 

• - - st^i’on^a, 707 
! J-.aLmJorsteiii, 05^3 
I Lacroisit-o, 899 
I E)ingbat\. e, 837 * ,, 

Lfivenit'^, 855, 857 
'Laquriobte, 580, 714 
Laniprophyliite, 843 
Lanthanum Ouosili.^ato, 954, 

~ Kihcato, 820 

— silicododeuv^imgstato, 880 
Lapis t)eaarut is, 140 . 

’ ^lulamiaans, 442* 

- eolubrinuH, 420 ^ 

' - crucifer, 458, 909 

eleclfriciw, 74d 

<iJazuli, 585 

. — '‘-lydiiA, 140 

c Haris, 429, 43<j 

— scissilia, 428 

serpentim^, 430 

) specularis, 004 
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Lardite, 499 
Lasallite, 825 
Latialine, 584 
Latrol^te, 693 
Laubanite, 739 
Laumonite, 676 
Laumontite, 738 • , 

— 739 
Lavenzstein, 430 
Lavroffite, 8 18* 

Lavrovite, 409, 81^ • 

^wrafflto, 409, 81: 
l^wrowit^ 409 * 

LawBonit#, 708 « 

I-azulite, 687 

Spanish, 808 • 

Lazur 663 • • 

La^urite, 680, 

I^zurstein, 686 , 

I/) alcool de lopfr-e, 94 •' 

antimonat^silicato, 836 « 

barium calcium fluobosyl diortliotri- 

• silicate, 890 » • 

borosiflcato, 461 • 

- ~ calcium Bulphatol^droHilicato, 890 

- - ~ dialujninodiorthosilioato, 8H4»« ^ 

— • - dicalcium trim^aSilfbato, 888 

» diforrylt)rthodiHilft4ite, 889 

- ■ - diman^'anyl orth(^isilk3(*te, 889 * 

felspA, 662, 698 • I 

fluosilicate, M6» , 

dihydr|k, 956« 

- — — tetr^jftrate, 966 
nemiammmomotasilicate, 887 

- (IfhxaJ te^racal3iiim dmydi’oxytri- 
• orthosilicatel 888 

- magnesium dihydroxymctasilicate, 888 

orthosilicate, 888 • 

- - - metasilicate, 886 

- orthosilicato, 886, 887 

orthosulphosilicato, 987 

pyrosilicato, 887 

-* — sdioide, 187 

silicite, 236 

silicudodocatmigstalo, 881 

thiocarbamuto, 132 • 

flhjpcarbonate, 128 

(tri) pontasulplfisilicate, 987 

Ultramar iiio, 690 

blue, *889 

' violet, 889 • 

zinc oxydisilioate, 889 

Lodererite, 734 « • 

Lederili», %40 
Leelite, Q63 
Lehmonite, 694 
Lehuntite, 663* ' 

Leid^te, 624 
I^mbergjte, 674 
Lemnion earth, 471 • * 

Lennilite, 609, 624, 663 
Lenzinite, 494 
L^nzite, 49^ ^ 

Iieonhardite, I'M 
~ a., 738 < 

• jt, 738 , 

€,epidoohl^rite. 622 
Lepidolite, 604, 607 
Lep 4 (|pmelane, 608 * 

Lepidomorphite, 606 * 


\ 


I iLepitochlorites, el^ * 

Lepolite, 693 
I-.epor, 918 

ieptochlorites, 622, 623 
I^ucaugite, 817, 819 • ' 
Le<|chtenb»Ae, 622 * 

Leucite, 648 • / • 

b«ryHa„649, 803i 

ferric, 649, 91^9 

litWa, 649 

psbudo-, 661 

— - soda, 647, 648, 649 

thaMiujp, 661 

— — thallo-, 826 
I^ucitic aci^ 29l, 6^8 
liwicitohedroa, 649 
I^ucoargilla, 472 • 

Leucocyclite, 36|;^370 
Loucolite, 660, 76? 

Leucone, 227 • 

Leucophano, 380 
LeUcof?hoeni(*ito, 894 
I^ucoph^llito, 6,06 
/jDucosphonite, 844* 

Loucoxone, 840 
L^verritft’ite, 473, 492 
Levyne, 736 
Lfevynito, 675 
Liebenerite, 619 
Lievrite, 918 
Ligurite, 840 
Lilalite, 607 
Lillite, 624 
Lime caiicriuite, 682 
- — mica, 707 

thomsonite, 710 

Lime-olivine, 386 
Lincolnite, 766 
Lindesito, 916 
Liiidsayito,. 693 
Lmtonito, 709 v' 

Lipanto, 431 
Liquor silicum, 136 
Lithia felspar, 662, 6GtH 
i - leiicito, 649 , 

Lwliia-mica, 607 
Lflhia-sodUlito* 683 
Lithionit#, 6(1^ 

Lithite,*661 

Jfilhiiila aluminium dimesosilrtiale, 662 

- * dimotasilicato, 640 

^ r “ heptitabromorthoBiii#ato, 673 

mesotrisilicate, 641, 668 

orthosilicate, 869 

^ hydrated, 673 

t ir ■ -- paratetrosilicate, 641 , 

' — tetrametasilicato, 641 

- - - alumiqpuilicate, 669 
bl|jj«fta silieMe, 371 

l8)roBilic^^ 448 • 

calciuij metasiliftate, 366 

1 -- orthos^icate, 366 

• ^ii) silioododecatupgBtate, 876 

^aluminium orthosilicate, 669 

w — fentametasihfiate, 641 * 

dioxyorthosilicate, 332 

fluqsilicfd^, 946 ^ • 

magnesium njetasili^ate, 407 
metasilicato, 329 • 

- h^rited, 331 



Utliiun# (ooto) trixirjltuiuu peutorthoaili 
cAte, 854 

—— orthodisilTcate, 330 
orthosilicate, 329 

pem^b^tA.184 ^ 

potSflaium hexarf^pototnllunuuo1|-ime'* 

• G08 

hy(fr5)triarauiin(/l5ilij|hosiht'at^t 

808 ^ ^ 

Sgiiicftto, 337 

silioide, 169 , ^ 

^ sodium silicate, 337 

— strontitliff Plicate, 37 1 

(totra) BilicododocaiudlylKiate, 86tt 

silicododooaftmgstate, 875 

thiocarboillite, 12S * • 

1 ^^ tourmaliiiq^ 742 • •• 

trialuminium hexahyflroxjaliincta- 

silioato, t^Z 

iwtalij’droxydiinetasilH’Hto, 007 
- • ultramarine, 580 

- - zinc silicate, 444 
1-iitliiuin-glaucophaye, 044 
Lithomargof 472» * • 

groon, 472 

fxiboito, 726 
Loganito, 622, 821 
Uigronite, 392 
Iximoiiito, 738 
Longlvuiite, 836 
Lophoite, 622 
Lorenzf‘nit<s 842 
Lotalite, 015 

Lot rit e, 722 
Louisite, 368 
Loxocla!!«\ 062, »')63 
Lif nsite, 600 
Lucianite, 432 
Lussatito, 247 
Lustres, 515 
Lutccite, 130 
Lydian stone, fiu 
Lvdite, 140 
Lynciirii5l>jsB4t| 

Lythrodos, 610 


Mackeasite, 021 
Maekintoshite, 883 
Ma^8, 468 
MaclueritcL 817 
Masonite, 610, 622 
M^^rolepidolite, 615 
M nesia-opidote, 722 

, felspar, 662, 008* 

K5d, 768^ •• • 9 

Magnesian tourm£flin(«f 74 4 
Magnesia-sodaliU^ 683 • 
MagnesioanthophylliU, 916 ^ 

Magn^ite, 427 t 

Magnesium alifminium aluminaiortlUtsili 
oate, 812 0 ^ 

mesopentasilicate, 826 0 ^ 

1 . pAitalun^atorthosilicate, 8^3 

silica^ 808 

borosilicate, 46t 
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I Vagiiosium oafoiiim dialuminium dUiydro* 
j triorthosilioate, 718 

1 diliydro-orthotlisilioat©, 420 

•— dimotasifllcate, 410 

ftnaealmninoxvaluminotrtsiUeato, 

K \ 816 

— oi^hosilica^^*, 408 • 

, — ^tri) orthosilica to, 4^9 , * 

— ^ trihydwhexalumiuoxjaUumiuo* 

* ♦ • *l|jortbosilicate, 817 

enabazile, 7113 • 

- - (di) ixmtocalcium sifioate, 404 

— yij^assium hydroilialyminol-ri- 

• Jirthosilioate, 608 ^ 

dialuininiupn friorthosiH^ate, 815 
-- - dialuininylnluminium orthopcritosiU- 

cate, 800 

di(‘Uf^(!mm ^icato, 103 
vli<‘hin*niutn tr1ortl«(>sil)fiit(',^l5 
(lihjIMrototiftvmlic'afe, 125) * 

ferrous mctasiln‘ti(e, 017 ^ 

orthosilica^e, OtfJt 
lluosihcate, 0.')ll 
-• -*lioxalfy»l rated, 053 

- • homisilicide, IHO, I Si * 

hydroxythioearbiTuite, 1 15 

him dthydroxymetasilieatf', HKS 

urtliosihcaU', H8K ^ 

lithium n^»f8iliaate, 407 

- mangeneso^notaHiluiato, 808 

* * HOihuni Viet silicate, 016 

- inetH.siIi(’ato,!300, SHI 

- ? -a-, 301 

- - -j3-, 301 • •v 

hydrated, 420 

nickel ^hhydrorthosilicate, 032 
-- inetasilioat8,*032 
- ort-liotrisilicalo, 032 
toirahydrotnorthoBilieate, 032 
* orlhosilicaU', 384, 420 
perthioearbonate, 131 
potiWHinm lluosiheates, 053 
nieta.silieate, 407 
trisilieate, 408 

- hilieates, complex, 405 

higher, 403 
liydrated, 420 

- sihcododoeamolyhdatc, V? I « * 

Milicododecat ungsta to, 770 
HfHliiim laytasilicato, 407 
^ulphosilicate, 987* 

I tetrahydroflisilieate, 421 ^ 

tetrahydrifsilicodoihMiat ungHtato, 879 
^drahydriitriorthoHilicate, 423 
^letrabi’drotrisilicHte, 42J ^ 

thiocarbonato, 127 a ^ 

(tii^cRlciiim Hilicato, 404 • 

— pota^^ium dibydroalmninotri* 

orthosilieato, OOH 
^ ^ripontitasilicide, 180 

- til^tri^tasiliijdo, 181 * 

uranyf ortliodisdicate, 883 

Magnetis, 428* 

Majoiicfi^5l3 « ' 

Mlllacone, 83# 

IV^laconi^, 400 
AulteBite,^J^ • ^ 

Maiyiacito, 490 , • 

Mariandonite, 451 
Manderite, ^6 



vm . 

Manebaoh twinning, 671 
Hangan hisingerite, 908 
Manganandalusite. 458 
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iuu»gancuj»neiie, oou * * 

Mangaiftse aluminium vanadaiotilicate, 826 

amphibole, 897 * ^ w 

^ arsonatoraetasili^te, 83^ 

— • arsenitcjmetasilioate, 836 

iJargim metasilicat^, 898 

beryllum orthoailicate, ^81* 

calcjum ferrous alumiiflura Tjorato- 

silicAte, 911 

.. metasilicate, 897 

— -tV — - orthodisilicate, 8^!l' 

oi^osilicatefSltl • 

clilorohSptahydroietrorthoHilicato, 895 

corneous, 897 

(di) calcium aluminohydroj^triortlici 

s^cat#, 76a • ./ 

dialuminium fatrahydroxyclitnetasTli.^ 

cate, m ^ T 

triortHbsilicate, 901 

-—^dilydrorthosilicaH 894, 900 

- dihydrotetraraetasiiioate, 900 
dihydroj^triorthosilicate, 894 

- disilioide, 197'* 

— ditritatilicido, 197 
fayalite, 900 

- ferrous antimout^osiii 4 *ato, 836 

— 2 chloi*oheptal^vfhotetrortliOfcii)i- 

cate, ^6 • ^ • 

metasil^rate, 917 

trimetasilicate, 024 

fluo^Uoate, 966 ^ 

— %• jemisilioldo, 196 

— • iron tritasilicidir,* 199 

$ — magnesium sodium metasilicate, 916 

metasilicate, 898 

metasilicate, 897 * 

mica, 608 

orthoHilicato, 893 

dihydrated, 894 

ditritahydrated, 894 

i hydrated, 894 

oxyde violet ailioifiiro, 768 

' pentitasilicido, 195 
rougj, 708 

sesquisilicate, 898 

- — silicates, 892 

silioide, 197 ' 

silicododecatungstatef 881 / 

4bdiura calcium hydn^trimetasilicate, 

, 900 

strdntiupi metasilioate, 897, 

tetrajnesosilicate, 896 

-r-~ thiocarbonate, 128 

ultramarine, 590 

zinc diliydroxyorthosilicate, 894 

Manganese-spar, 896 
(Mangano-axinite, 911 
Manganocalcite, 894 . '• 

Manganoohlorite, 622 
Maqganohedenbftgite, 915 
Man^o-idocrwe, 726 ♦ 

Man^opectolite, 366 
Manganous calcium (dalrminiiim borate* 
tetr?rtho8ilioate^ 911 

/di) calcium tlialummiiim tetrahydro- 

* hexorthosilicate, 896 


Mangt^ous ferrous (i^iaminetasil|late« 1117 

§ orthosilioate, 909 

metasilioate, 900 

dilfrdrated, 900 

— hemihydrated,s0O(U . 
igaAo-vesuvianite, 72Q 
i^no-zeolte, 90^« 

‘ Manganyl (di) lead Qi*thodwilicate, 880 
Mangolite,8b7* ^ ^ 

MangophjSite, 605,^09 
Mansjocife, 409 
Mwanite, 458 
Marcoline, 807 
Marga porcollana, 472 
Margarite, 708 ^ 

Margarodite, 606 • 

Margarosanite, 888 • 

Marialit^,*762 • 

Marialilio acflJ, 764 
Mariposite, 608 • « 

Mannairolite, 916 
Marmolite, 422 
Marraor serpentinurn, 41 _ 

^ebliciu^, 420 

Maskelynite, 694 r** 

MatriciM, 388 
Mayaite, 643 
JVJs^schaJumito* 473 
Aleerschaum, 420, 426 
Mehl zeolite, 758 
Moionite, 762 
Meizonite, 763 
Melanite, 921 
Melanochalcite, 343 
Molanolite, 624 
Melanosiderite, 908 
Molanotecite, 889 
Melilito, 403, 713, 752 
Melinophane, 380 
Melopsite, 423 
Memaphyllite, 423 
Menilite, 141 
Mephites, 2 

Mercuric fluosilicate, 95** 

hexahydratod, 954 

trihydrated, 954 

8ilic%te, 414 

•' — silio^odrcatungstate, 880 

tliiocarbonate, 12 j 

Mercurous fluos^'itjate, 954 
(ooto) silicododecamolybdate, 867 

— silicHte, ^4 

silicodcdecatungstate, 879 

— Ultramar ine, 690 
‘Mere ary silicate, 438 
-- — silicates, -^38 

- - silicide, 182 

ilulphosiliaite, 087 

Meroxenes, 611 
Merwinite, 409- 
Metodisilicic’^c jd» 

Mesoiiexasilicio acid, 294 
M^le, 709 

Mesolin, 72^ 

MescHte, 749 

soda. 652 

I^balttuin, ^51 

thallo-, 826 

Me£>silicio'adds, if08 
Mesofetrasiliclo acid, 294 
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lifesotriBiUtio acid, 204 f • 
Mee^type, 749 
♦ — 6poiat^, 36k 
' soda, 652 


Metacarl^n^c aoii, 

Metachlorite, 623 •* 

MetacoUoidal sta^, 576 i 
Melahexilandite, 75^, 75l 
Metanatro]^, 054 « 

Met^coler^, 760 
^et^ericite, 00() 
nietasilicatosodalito, 583 
Metasilieic aci^,^l?3, 294 
“ - - acids, 308 
Metasulphosilicic acid, 987 
Metathiocarbonif*m'id, 1 tO 
MiH lite, 423 , • • 

Methoxyorthodwilicalo ll icxa) . 3 1 9 
Methyl chloride and C(J , 32 

— orthosii^flte^ 309 
-- -Tliiolcarbamato, 132 

thioncarbamato, 132 

silichi acid, 309, 

xanthicticid#l'2f) 

Mien, 604 

- - - baryia, 607 
biaxial, 600 

— - border, <>12 

bronzes, 620 
ehlorile, 622 

foa< her, <) 1 3 

lime, 708 

lithia, 607 

- - manganese, (><<>< 

oblique, 600 

- - pearly, 708 

- • potash, 606, 607 
ribbon, 613 
ruled, 013 
serioitic, 470 
soda, 608 

- uses, 619 * 

-- vanadium 836 

Mioanitc, 620 
MicaphiUt^, 468 
Micaphyllile, 168 
Mieajelle, 61 y •# 

Micas, 603 

•- • bra'fchydiagonal, 613 

brittle, 603 

, macrodiagonal, 613 

MicroSlase, 664 
MicrocIine,^662, 063 
?albito, 664 

-Hk^macroporthito, 663 
-#- ■ oligoclase, 604 

porthite, 663 * 

Microclines, soija, 669*« ^ 
Microlepidolito, 615 • • 

Microperthitc, 66:fc • 

mioroc'line, 663 • 

Miorosommito, 580, 584 
Miorotine, 693 
Milanito, 496 • 

Milarite, 746 
MilchquaAz, - 

Mild purple stong.rtOl 
MOoschite, 865 


MtnM de (?orojpandeh 831 
Minerals, synthesis, 313 
Mhiguetite, 624 
Mizonite,*763 
I Miqpnitc, 763 • 
i ' MocliadVon^ 139 
%Mol‘ngr»«imte,843 . 

1 MolyWlatopotaRlv-BodaUte, 583 
MolyWlato-sqdabte, iii83, 87 1 
Molymlijvuu disMieide, 192 
- fluosilicatT', 9o(i 
henutrlsiliiudo, 192 * 

. - sdicate, tOld 
Molybdojihyllny, 888 
Moiulstoin, <H53 • * 

Monobroinosilnne, 97 Ih 
Monochlorosilane, 9<U), 970 
Mlnttperox»earlK^v(<‘s. 8<> 
Moii<>pproxj,i4Uear wiuttes , ,S(> 

Monophant^, 761 * • 

Monosilaudiol, 216 
Monositano, 216 ^ 

Monosilanio aeid, 21<^ 
Moivosilanol? 216 • 
Monuiiilicopropane, 216 

Monox, 2'15 ^ 

Mono\o<W\>slisiiox>uie, 23ti 
Monradite, 8;^ I 
Mourohte, 456 • 

Montamn, 94^ « 

Montieellftit 385, 406 
Montiiiorillonito, 497 
Moonsftmo, <>62 
Moravlte, 623 
Mordonite, 575, 748 
Moresnetitu, 442 
Morganito, 8Q.3 $ 

^Vlormorion, 138 
Mormte, 693 
MortJlr liodies, 515 
Morvenilo, 766 
Mosandrite, 84 1 
Mount cin bine, 313 
cork, 825 
I groon, 343 

; leather, 825 

I soap, 498 

I MulUn-ite, 907 
i Muldan, 663 
Mulhte. 454 ^ 

l^Murat^, 896 * 

Mnwlixoiute, 6ti3* 
Muscovite, 603, 604, 601/ 
Musc(^ glass, <y)6 
Mussite, 409g 
Myelin, 472 


Noogite, 867** 

Narsaraukite, IW3 ' - 

Nisonite, 889 
N#roTiw,*575§652, 762 
- — iron, 653 
.JL metal 654 • ^ 

— paleeu, ^ 

^ipoWh, 654 • 

thallo-, 826 
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Natromicrocline, 664 
Natron-chabazite, 734 
Natroxonotlite, 360 
Neordnite, 663 
Nefeditffite, 825 < 

Nefedjewite, 825 
Nemaphyllito, 407 • 

Ndb(iyanite*341 ♦ 

Neod 3 nilium silicodod^atu®g8tftt-o,^S8il 
Neolite, 428 
Neotesito, 894 , 

Neotooite, 897 
Ne^elkia, 669 
NepTieline {see nopheliie), 66|) 

Nephelite, tfo • 

baryta, 671 • 

hydrated, 674 

silver, 6J0 

^st»ntia, 67 

Nephrite, 406 
Neptunite, 843^ 

Niiitsohinskite, 49i 
Neurofl#e, 600, 921 
Nowportite, 6^20 * 

Newtonite, 4*2 ^ 

Nickel, amminomMaailicutc, 932 

ditritlfeeilicide, 207 * ' • 

ifluosilicate, 968 

*— gymnite, 932 t 

hemisilicide, 207 

• hemitrisiliciofc, 207 

hydrotrime^silicate, 931 ^ 

magnesium dihvdrorthosilicate, 932 

— y * metasilicffie, 932 
— orJRotnsilicate, 932 

J% ^ tetrahydrotriorthosflicato, 932 

£~ metasilicate, 6S2* • 

I — . monosilicide, 207 

orthosilicato, 932 

silicate, 931 

silicododooatungstato, 88 1 

tetritasilicido, 207 

tliiocarbonate, 128 

triamminothiocarbonate, 128 

triiasilicide, 207 

" — zinc silicate, 933 
Nitratoohabazito silver, 733 
thallium, 733 
Nitratosilioic acid, 345 
Nitratosodalites, 683 / 

Nitrogen and CO,t 32 
Nitrcjus oxide and COj, 32 
Nontronite, 906 
Noralite, 821 i 

Nordenffkj6ldite, 404 
JJfordmaakite, 909 
‘Normaline, 736 
Nosean, 680, 684 

hydrate, 686 

Nofflan, 684 
Nosine, 684 
Noumeaite, 933 
Noumeite, 933 
Ntianeite, 933 ' 

Nutt|lit6, 76S^* 

t 

fi 

Ooh(«n, 472 

chrome, 865 


Octobromosilicopr^ljCane, 981 
Octdbromotrisifane, 981 . 

Octochloropropane, 972 
Octochlorosfiioopropane, 960 ^ 

4 Octochlorotetrasilane, 9f5 /' • 
JVOctoclhlorotiisilane, 2W,»9W, 97J? 
^ Octlhydrootosiltri^oxane, 232 
u(Edelite, 718 , i ^ 
Oer8tedity,*847 
Q?uil de»chat, 139 f 
Offretite, 729 
Qisanite, 721 
Okenite, 360, 361 
Olafite, 663 , 

Ol^iim silioum, 136 
Oligoclase, 662, 69^ 

•_J. b|yta, 707 • 

mimqjine, 6(f4 

— ^rontia, 707 , 

Olivine, 386 

lime-, 386 

-peridote, 386 

- -j titanoy 846 
Ollacherite,^07 
Ollao foflsilos, 612 
OmplAeito, 818 
Omphazite, 813 
OitJophyllite, 607 
Ongoite,*622 

|*Onkoite, 622 
Onocsine, 606 
Ontariolite, 763 
Onyx, 139 
Oosite, 619, 812 
Opal, 141, 300 

fire, 141 

glass, 141 

il^on, 141 

jasper, 141 

milk, 141 

mothor-of - pearl ,141 

wax, 141 ^ 

Opalus, 141 
Ophiolite, 422 
Ophites, 420 
Opsimose, 896 
Or des dhatH,^04 
*^Oranite, o96 f' 

Organic liquids and ifO^, 32 . 
Orientite, 896 ' ' 

Ort.hite^722 
Ofchocarbonates, 72 
Ort-hocarbi^nio acid, 72 
r OrtMclaae, VlO'Sl 
r — E ferric, 662 
Ort-hochloritesL 622 
V)rtqpdisilioio acid, 310 
Ort.ho8d; 662 • 

Orthosilicio acid, 29l 294, 308 
Ortho8ul^i()^ici^ rfcid, 987, 
OPthothiooe1*bonic 'atid, ‘119 
Orinllite, 844 " ' 

'(Sfryzite, 765 
(jhannite, 917 
Osinelite, 366 
Ostranit^. 86X 
(Ottrclite, 620 
0\;’tremer. 686 
Ou^^8^ofl3fe^ 866 ’ 

Ouvarovite, 714 
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*Owarowite, 860 ’ 
Owenite, 622 
Oxalato8(^it% 580 
OxhavdNta 368% « • 
Oxomonosuane, 234 < 
Oxom^aosiloxana 234 
Oxydisiline, 232 ' \ 
OxyhsBinoclobin, 11 
Oxymeionfte, 764 

Ozarkite, 709 

• 


I’ago<lit<?, 41)8, oft) 

609 « 

l‘ttjasbergite, 897 
I'alaeonatrohte, 652 
Paligor8(ut<)fi«05 • 

825 

— - j3-, 825 

calcio, 825 , 

- J^alladium heinwiUuulb, 2J4 
- — ~ inonosihuide, 214 
Palladous totraminuioHuo8ili(^atts 958 
Parucolnian, 707 • 

Parachlorite, 609 
I’aradoxito, 663 
Paragonite, 606, 607, 608 
J’aralogite, 763 
I’Arainoutjiiorilloriito, 498 
ParamontmoulloiiiU', 825 
Paranthino, 762 
X’araphito, 619 
Paiusopiolito, 428, 825 
l^arfcilicic acidH, 308 
Paraatilbito, 761 
Pargasito, 391, 821 
Parian, 514 
Parkor’H ceniout, 554 
Parorthoclaisc', 6(f4 
Paraettensit^, 896 
l^ailschito,^W4 « 

Paste, 521 

X^attersoniR^, 699, 622 
Paulite, 391 
Pochgmnat, 921 
X^^lckliainite, 392 
I' ^^ctdito,*34i6, 390 

aiTuiionia, 367 

^ — - niongano, 366 

' ^8tash, 367 , 

silver, ^168 

PoetAitic acid, 205 
Pegiuatolite, 663 
X^illi£nine, 423 
Pelhamite, 423 
Pelikanite, 495 
Peiiome, 809 
Pencil-stone, 499 < 

Pennine, 622 • 

Penninite, 622 
Pentahfomodisilafie, 981 
Pentasilane, 225 • • 

Pentasilicane, 225 
Penterosilitfic Stei^, 3 J8 
Pentites, 312 *• 

Penwithite, 900 
Peplolite, 812 


s 

• 

Percarbouates, 82 
, Percarbonic acid, 82. 86 
Perchloratosodalite, o83 
i PctpbloromAliylmorqjkpta.ii, 110 
^ I’ojjchlSrosj/icootJmne, 971, 981 
' ' Perchl(>rotnsikine, 216t 
^ i‘eroivaIite, 643 
J*eri<Ju)% 663 , 

670 

I’eridote, 385 

— titanifcmurt, 3i.i. 
Peristerite, 661ia« 
l^oniiutitH', 576 j ^ 

I'ersilieates, 27/ * 

IN'rsilicic a<‘id, 278 • 

• hydrug/'l, 278 

J^rUiiocarlVonatc^ 1 
l^er^liMDcarbirtio ayid, 131* 
Mt^rthKc, ■602, 063 - * 

iiyci’oclme, 66 J • 

IVsillite, 897 
Pctalile, 651 
Phacoli^, 729 
IMia'dtdinite, 821 
Phiistino, 392 
JihcnaeeKfJb, 571 
Phonacollite, *71 
Phona(‘ite, 380 y 
•] Plioiigib^Sj J^Of), 6t^ 

' - - phlogopitos, 6 o 8 
Phoiiyl^ilicauediol (tli), 3ue' 
J'henylsilicic acid, 309 
I’honyl-ultramarme, 59f> 
Pliiladophite, 609 
J9ulipHt(ulite,|821 
Pliillipsite, 570, 737, f3?f 
Phlogopito, 604, 605, 608 
Pholo|it6, 477 

Plio8pliato[>otaHh*sodalite, 583 

PhosplialosodaliteH, 583 

1*1 losplimotribroinosi lain’, 979 

l*li(*8plioruH silicate, 835 

silicide, 188 

inchleride aiul (9)^, 32 

I’ljoticite, 897 
Pliotizite, 897 
* pliotolite, 366 
lliyllite. 620 
Physalite, 560 
ricraimleiine, 644 
lilfr^^ito, 422 
Picrophyll, 410 * 

J*icro8i®fiio, 423 • 

* l*icrotl|)hroite, 893 
Pt-rothoinsonito, 710 
’ J’k^ite, * 

I’aMingtonita 390# 
l*iodniontite, 722, 768» 
J^oropi^ote, 722 
Fierro a fttt, 1,40 •, 

- — ea^on^ 498 ^ 

' • - crucifomio, 76^ 
d’^s^fe, 686 * 

• de amazoifbN, 063 

qroix, 766, 909 

„ — l69 ^ 

:i^Ubrado^»93 
•-J>luDe, 662 

miule, 458 

sa^ip, 427, 431 
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Pierre de soleil, 663 

■ ^lastique, 140 

Pigeftmte, 916 
Pilarite, 344 
PiloJite, 423 

a-, 826 ' 

— 82S 

PiraeliOl, 624, 933 ^ ^ 

Pingos d’agoa (drops of kvaty)# 56| 

Pinguito, 007 , • 

Pinite, 619, 812 

Pjnitokl, 619 ^ * 

Pidtino, 432 

Pipenio, . 

Pirodmilite, 890 
Pistacite, 721 
Pitckranlite^41G 
Plag;joola8e, 694 • 

barium, 707 * 

Plancheite, 34 L 34 

metabousni, 1% 11 
Plosm^ 139 

Plasticity of^clay, 486 * 

Platinum copper n^licido, 213 

ditritasilicide, 212 

dod^asilicide, 212 

f fluosilicato, 968 

hemisilicide, 242 * •# 

monosilicide, 212 % 

sulphocarb^, 114 

thiocarbonfftc, 129 

ammine, 129 

_ — (di);i29 

^ ^ (tetra), 129 

tritetritasilicide, 212 ( 

l^lazolite, 713 ' 

Plinthito, 473 
Plornbierite, 360 
Plumballophane, 497 
POchito, 918 
Polyacids, 867 
Polyadelphite, 921 
Polyargite, 019 
I’olychfoilite, 812 
Polylitliionito, 600, 007 
Polyrnignite^ 869 
^blysulphosilicic acid, 987 
Poonalite, 749 
Porcelain asbestos, 420 , ' 

Bottger’s reil, 471 

} oarth, 472 

felspathic, 616 

fritted, 616 < 

liBrd, fil6 

f MAxjuart’s, 616 

projicrties, chemical, 61i 

physical, 511i| 

— soft, 616 « 

spar, 763, 766 
Poroelaine dur, 616 .* 

par devitrifice^'oiv 6|3 

-^tendre, 616 

Perc6Hophite,^422 
Porrioine, 818 
Porfite, 921 
Portland cement, 6£^1 
Ponsellaiiite, 763 ^ , 

Pqltellanspath, 763 
PotBsh>acmite, 614 

an\>rUiite, 662, 698, m 

* mica, 606 
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• • 

Potash-natrolitO, 654 

■ pectolite, 366 

— - -sodalile, 683 

. -thomsonite, 711 « f . 
\lV)taAiuiiLaluminiumtiyrir)[(Stasilic»ife, 648 

" - ^ mesotrigiiicate, 666 * 

orthosilicate, 611 • 

— "-f V~ 574 

— alyminorthosjlicate, 671 

ammonium silicovanadaTOdecatung- 

^ state, 838 ‘ 

silicovanadatomolybdatea, ^37 

— i barium ammoniufn*' sftlicovanadato- 

•* dicatungstate, 838 

(hepta) bctometasilicate, 371 

silicodotlecatuif|jptate, 878 

_ll_ gilicovaftadato^nneatungsfh%4s9, 

• 838 

beryllium dimitasilicate, 803 

silicate, 382 « . 

cadmium triterosilicate, 446 ** 

calcium aluminium trimesodisilicate, 

* ^746 

dialuminiuld p^ntai-iesodisilicate, 

« ' 747 

hy^odimetasilicate, 369 

clwbazite, 733 

cuprous dicyanothiocarbonate, 124 

*— tliiocarbonate, 126 

dialuminium dihydropentamosodisili- 

cate, 748 

dialuminohexasilicate, 606 

dialuminyl orthosilicate, 667 

dibarium trirnetasilicate, 371 

dihydroliexasilicate, 337 

dihydro*octosilicate, 337 

— ;y^ihydrotetra8ilicate, 337 

dihydroirialuminotriorthosilicate, 608 

dimagnesium hydrodialiiminotriortho- 

silicate, 608 

diperhydroxycarbonate, 85 

disilicate, 330 * 

dihydrated, 337 

■ hydrated, 337 , cr 

— — disilicozirconate, 854 

dlvanadium diiiydroalunn4notriort.ho- 

Mic9te, 836 

ethyl ajS'dithiftfarbonate, 120 

a-tJrJbcarboiiatc, 120 

---- ethjdxanthate, 119 •* 

ferric (limetasiiicate, 914, 919 

_• metasilicate, hydrated, 920 

^ fluosiKoate, 94J * 

- gmelinite, 736 
— -- hannotfimo, 767 

|i — _ heuland*te, 767 

Iraxasilieate, 328 

— — hydrodisi^ioatb, 336 

li^imfh hexdfluotetraluuiuiuu'uutwu* 

^ ^ isiftchte, 008 * 

hydi’otrialufninotriorthosilicate, 

^ 4 608 . 

t silicate, 337 

— magnesium fluosilicdtes, 963 • 

mttasilioato, 407 

— ^ trisilicate, 408 

-p— mephite, 2 . ^ 

— — meVa^ilioate, 333 

dfliydraOd, 314 

hetuiliydrated, 333 

-{ raonohydrated, 334 



Potaawum mtmto8ilioate,»345 

(octo) iBoeilicododecatuiigstate, 873 
silicoilecatungHtat#, 882 

~^i;i^jpCKl»(locatung8tAtt*, 870 * 

• sil^humatungstato, 882# / 

' penlacaloiiun •^tranij)hexaittttaaflit 

• cate, 309 

pentahydf^ilicAlode^edbiylxiato, sh 

pontasilicate, 328 ^ 

tetradecaliydrated, 33^ 
percarbonato, 82 . 

■ — - perdicarbonate, 83, 86 
; pcrhyWi^s^carbonate, 85 

I>erthiocarbonato, lift 

pyrocarbonate, T2 

ailicide,^9 • • • 

^9^ silicodeSi4ung8ttfte, 882 *• 

ailicozirconate, 854 * t 

silver ailicododftimolybtlate, 870 

aod«B* calcium trimotasilieato, 372 

’ferrous titamum orthosilicatc, 843 

silicate, 337 

stilbite, 700 , % • 

— — ' (tetr») siliao<!k)decamolybdato, 8()9 

tetraliydrosilico<locatiui^ta('0,HH2 
tetrahytlroailico<]odecatimgHtHte, 
876 , ^ ^ 

tndecaliydrate, 4^76 

■ totrahydrosilicohenat u n g s t u t , 

882 

— tetrasilicate, 328 
thiocarbonate, 122 

• (tri) pentahydrosilieododecatungHtate, 

trialumiuuim triinosotrisdicato. 605 j 

triboratotetralurninototraorthoHilicato, j 

• 742 X *1 

trimagnesium dihydrouluiuinolriorlho* [ 

silicate, (>08 | 

trijK^rhytlroxycarboiiate, 85 

tnsilicato, 328 

— ' ultraraai'lne, 589 
~ — zinc silicate), 444 
rotstonff4i0. 

Pottery, 612 

fo Ail, 612 • 

Praseodymium ailicodo<leca4ungstat<s 8Sit 
PMwilite, 4^2, 024 
'Prasiolite, 812 
PsegrtftWw, 607 
Prelmito, 675, 717 
Prplmitoul, 763 
Pnilbipium spirituoaum, 1 • 

Prisraatine, 812 
Pft>chlorito, 621, 622 ^ 

Pjplectite, 813 • 

Propyl orthoailioate, 309 • 

Propylmonosilanic aJid, i^lO 
Proteite, 409 •• 

Protobastite, 39? • • ' 

Protochloritee, (124 ' 

Protolithionite, 607 • 

Protonontronito, 907 
Pro4ostlioic acids, 308 
ProtovermioiHite, 60§ 

Paeudobiotite, 609 
PseudoAnefald 8()3 
P8eudoeucr3rpti^ 672 
Paeudolaumontite, 740 
Paeudoleucite, 661* • 
pBeudonatrolite, 766, •76 




I Pseudonepheline, 569, 670 
' Pseudcmhillipsite, 730 
Pw'udd[)ite, 622 * 

PseiWosj^jKilite, 703 
Psei^losmaiagd, SO:^ 
Psaudoaonimite, 509, 570 
Pt^ni<k^s(<vit ite, 4 9i 
J’ter(^k\,609 , 
Ptilolito,t748 
J’uOente, 759 
Purple stoiv^'*^67 
PuRelikinite.^72! 

I’ycnite, 600* • * 
Pycnopliyllite, 000 • 
J*yraUoIit-e, 430 
ItPyrargil^te, 8|^ 
J[^’i»uxitii»408 * 
l^’reneit^, 921 * 

Pyr^om, 817 
Pyromolano, 840 , 

Pyropo, 714, 815 * 
Pyrofhyflito, 498 

- • - pseudo, 499 

Pyropl^ysalite, 5(i0 
Pyrostlbrift', 60!# 
l*yrosmaIik>, 89() 
Pyroxene, 3y(^» • § 

feryiginei^, 912 

~ monoclinic, .loo 
— -rhombic, 390 
Pyroxenes, 410, 818 

- - -- zircon, 857 • 

Pyroxmangite, 017 
Pyrrholit/O^ 619 

• # •' 

( 

Quartz, 137, 138 

- amethyst, 138 
' analyses, 242 

- a., 240 

— aventurine, 139 
i?-, 240 

• - eii chemise, 138 

eiifiun5o, 138 
*- ferruginous, 1 38 

- fadid, 138 

- fused, 
gloss, 288 

^ f iiiclusions; 213 

- laiteaux,*13S 
%milky, 1:48 

- preparation, 237 
rose, 138 

“ «m)l^y, 138 
-stink, 138f 

yelloit', 138 • 

Quaatzine, 139 
QuarffKes^ 140 •, 


•1^ ^ 


* /• « 

Racewinite,9812 

Uadauite, 694 
[vadiolit^ 652 • 
423 . 

fialnu^'te, 842 
Handanit^ 141 
lianite, 6'\ 
llapidolite, 702 
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Bare earth fluoailicatee, 054 

silicates, 859 • 

Baatolji^ie, 609 • • 

* Kate of solution gases in ljquitfc,*49 

Katholite, 300 * 

Bauohquart/., 138 

Kauiie, 573 • 

KaumifiB, 4^2 
Kazoumovskyn, 498 
Heactions^irrested, 51 
Keaumurite, 354 * 

Reotorite, 492 . 

lied altra^arine, 501 

• fRefdanskite,* ^ 

Tieissite, 761 * * 

Kensselaorito, 430 

Restormelito, 500 I 

liotinalito^422 • 

lihaetiaite;468 , 

KliApldlito, 821 ' 

Bhapidolite, 702 • 

Rh(®itY473, 921 

Rhodio cluoropontHinmiiiolliiosilic^to,J)r)8 

"* Rhodium thiocirbonate, 129 • 

— ammiiio, 1^9 

liliodochroma, 022 
Rhodonite, 890, 391 

bfuo, 910 

Rhodophyllito, 022 
Rhodotilite, 894 
KhOnite, 845 
Khyacolite, 002 
Ribbon inics, 013 
Riohf^te, 391,4L‘10 
“ — ^ 

KicoJito, 422 
Rj.bockite, 391, 013 
Rieraanuito, 497 
Rinkite, 844 
Ripidolito, 621 
Riponite, 703 
Riversideito, 359 
Rock crystal, 135, 138 
Roeblingit^, 890 
Roopperito, 380, 900 
Rottisite, 932 
4ii^Roaii5n cement; 554 
Ro8coelite/005, 830 
Rosenbuschito, 855 
Rossite, 619 
Roeterite, 803 
Rothbrhunstoin, 89 (j 
R othoffito, 921 
^othspatli.890 
Rothstein, jpO 
Rptdeaux, 476 
Rubellan, 609 
Rubollite, 741 

Rubenglimmer, 607 , 

, RubidLa felspar, 662, 668 , ^ ' 

Rubidium (di) silioodod^catungslate, 877 

diperhydroxyoarbonatfe, 85 

bguosilioate, jl47 ^ ' 

> metasilicatjf, 335 ' ( ' f 

(ofto) silicododeoatungstate, 876 ^ 

peroarbonate, 84 4 / ^ ^ 

perhyd^OJ^carbona^s. 85 ' ^ 

— — (tetra) silioododecarnolybdate, <"86$ 
— {m) hydrosilioododecatungstate, 877 
— r triperlydroxycarbonate, 8^ 

Ru)>mo di roooa^ 715 , 


Ruledimica, 613 • 

Rumpfite, 624 
liupert’s dropa 530 
Ruilienium*monosilicidd, SU 
lYacolito, 062. 


nac.(;narito, 093 
Sahhte, 390, 409 . 

Sal lie, 409 
Salpoter, 497 

Salt'^azo, 514 • ^ 

Samarium silicododertitimgstate, 880 
SSmiam ware, 513 • * 

- — ♦llnglish, 5M 
Samoite,ii497 ^ 

Sandsteiu biegsame, ^lO 
Sandstone, flexible, 140 
Sanidine, 662 

habit, 670 

SanitaVy waref 515 
Saphir d’oau, 810 
Saponify *432, 498 
. Sapplurin, 584 
Sapp^iirin^t, 813 
Sapphires, ^80 
Sarcolite, 752 

du Vicentin, 734 

Sardonyx, 140 
Saabaihito, 730 
Saualpito, 719 
Sauloflite, 033 
Saussurito, 693 
Savite, 653 
'Soacchj^, 408 
Scandium fluosilicate, 954 
— orthodisilioato, 859 
Scapolites, 762 
Scarboroite, 497 
Schabosite, 729 ’ 

Scliallerite, 836 
Schalstoin, 354 
Schefforite, 390, 300 
Schiller, 395 « 

SthiUor-Bpai> 

Schillerstein, 392 
Scliist talc, 430 
'Schizolite, 900 
, Schr*Jizs96in, 7^3 
Sclineiderite,**738 
SehOrl, -740, 821 c 
Sl'hoii, 821 
— blano, 663^. 

' « - (/iuciforme,'i909 

r^ofuiante*eii goutti^re, 840 

spar, white, Ji62 

vert dh Daupluniil 721 

< volcanic; 72^6 ' * « »' 

Sch6riitq. 660 a 

Scv^irlomite, ,714, 830 
Sch^tterite, 497 
Sohuahardtite, 624 
Sohurl, 740 

Schwarjsbrdunstemerz, 896 
Scliweizerite, 423 
Scollcite, 749^ . ‘ d 

ammonium, 750 

— jr~ silver, 750 ji. it 

Scol^site, 676 



Scotexerose, 763 
^Scolopeite, 684 * 
Soorza* 721 
Scoiilerei#, ^ 
Searl^, 448 ^ 
Seebachit^, 729 * 

fSeebegk’s colouls, 63: 
Seladonite, 920** 


Selenitos^llalite, 683 * 
Selenium ultramarine, 690 
^•Selv^nite, 865 
Semeline, 840 • • 
SepioUte, 420 

r a-, 428 

/?-, 428 • 

Wjl* para, 42. S* 

S^olitic acid, 295 
Serbian, 865 


Serondj^it%«4^2 ^ 
SerWte, 606 

meta-, 606 

Sericitic mica, 470 
Serpentonatim, ^ 0 # 
Soipentine, 420 

* noble, 422 

precious, 422, 6 

Ser|)entiaic acid, 294 
SiWerito, 496 
Soybertite, 816 
Shattuckito, 341 
Sliepardito, 392 
Siieridauite, 022 
Shirl, 740 
Sliorlite, 560 
Shurl, 740 
Si^erite, 741 
Siderophyllito, 605, 609 
Siderosrdiisolito, 62.3 
Sideroxino, 381 
Sigterito, 663 
Sigtesite, 663 • 

Silane, 210 
Silbx, 14ifc ^ 

crucifer, 7^6 

Silfborgil#, 917 
Silica, 230 

alcogol. 304 t 

alcosolf 304 

Sili^:a coil^al. 236, 290 

etherogel, 304 

■ glass, 288 

— •- ^lycerogel, 304 ^ 

hydrogel, 290 

— hydr?sol, 291 
occurrence, 137 
properties, chemical 
resinous, 141 •• 


— ’ sulphato^l, 304)i. 

; uses, 288* « , . < 

^ vitreous, 288 < 

Silica], 233 , 

- — acetate, 283 

J)romide, J33 

chloride, 233 • 

fonuate, 233 

hydroxide, 233 

sulphate, 5 • * 

Silioane, 216 • • 

Silicates, 304 , ^ 

ooiistitution, 308, 
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j Silicates nome/felature, 308 

- temp, formation, 314 
Silicic oind, a*, 295 • 

• /V,^’95 

^ « hydrogel, *290 

• - -•hydrosol, 291 

organogels, *304 , 

acids, 290 

S ilomfcnclatiire, 308 

J ^TsPherfnak’s, 294 

anhydride, 307 • 

Silicidos, 168 
ftilioitlu^ridi'if, !f{4 

SihcipropiciU(4ackl, •lO!) , 

iSihcite, 693 , • 

Silicitos, 236. 886 
^lijium,i36 u 
Siliciuiuwitijj^rstlW, 4216 • 

SiHciftrefetsS hyilfogon, 6 
Vilicoacotic acid, 3#9 ^ 
SilicoacetyleUo, 226 
SilicouIuminidoH, 1 84 * 
Silicoiywiiidcs, 1^8 
SilH^benzoic acid 309 
Sihcobromoform, 979 • 
Sihcobi^tJuu^ 224 
silicobiityric acid, 216 
Silicochloro/tirm. 960 , 9liS 
Silicoeiinea^iiig4(lio ac^d. 881 
SilicoctlmRe, 22:^ 2426 
Sihcoethyleiie, 226 ^ 

Si IicoAiiorides, 934, 944 ^ 
Silicofuriiuc acid, 216-228 
aniiydnde, 228 
Silicolionatungstic acid, 882^* 

I Silicobexan(| 225 
j» Silicoiodoforin, 982 
Sihcoinesoxalic acid, 229 
SiliLtgiiothuno, 216 
Silicoinothyl bromide, 979 

- chloride, 970 

Sjlicomothyleiio chloride, 670 

- bromide, 979 
Silicon, 135 

adamantine, 146. 152 
allotropic form, 145, 157 
• a., 145, 157 

amorphous, 1 46 ' 

antimonide, 188 

- atomic dMntogratjon, 167 
« . _ weigliS, 165 • 

• • jS-, 145, IV 

’ Xroniohydrides, 979 

- - ^romoiodiftos, 984 
^ hromoiriiodide, 984 

< hloriiies, 960 
^ cmifl'obromidos, 980 
chloriMjydri^os. 967 
chloroiodidos, 983 
fr - cbiPi^triiodide, 983 
— colloidal, 155 
cry8talli:^H145 

• (iynminototrafluoridfi, 738, 

- ^ *d»fomqjiiio(fide, ^84^ 

dibroraoBulphide, 989^ 

.m — dichkirodiitdide, 983 

-• — ^lichjbt^ulj^h^, 988 , 

- -•dioxide, 236» ' 

- preparation, 237 

properties, physical, 

dioxysftphide, 988 
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Silicon diphoBphinotetrachlofide, 965 

diamphide, 985 

^tritoidde, 233 ' 

nnoridcB, 034 

fondu, 184 

r.l67 

— IP graphitoidal, 14^ 162 / 

hemihenadecamminofihlorotribromide, 

980 . ^ ^ ^ 

hen^enadecammino’tricfiloVbfomide, 

981 • 

hemilienadecaraminotr^^jloroiodido, ^ 

hepta!i^notetraUro«ii(l 0 , 978 

hexamminbtetrabromido, 978 

hexamminotetrachlorido, 965 

history, 135 
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— i^iaes, 982 
isotopes, 167 t • 

— monosulphMe, 987 • 

“•^oc^rrence, 139 * • 

— ocwmminotetracliloralo, 9ffl5 • 

— - oxychloride, 974 • 

— oxychlorides, ^3 

— oxydinluminatc, 455 • •• 

— oxyhexaluminate, 455 . 

oxyhydrides, 222 • . 

-• oxysulpliide, 988 • • 

— passive, 146 ^ ' • • 

— pontamminoijbroinodichloride, 980 

— pentamminodichloroiodide, 983 * 
pentitarsonide, i88 

-^hosphat^ 835 
^Iphosphalbs, 990 
Tphosphide, 188»* ^ 1 

— phosphinotetrafluoride, 938 
-- preparation, 146 

— properties, chemical, 100 * 

physical, 152 

— subfluoride, 924 
- suboxide, 233 

~ suboxidos, 227 

— sulj^ides, 985 

— flulphocarbide, 988 

— sulphodibromide, 989 
sulphodifthloride, 988 

— tetribromide, 977 

— tetrachloride, 900 ^ 

— properti^, chemfcal, 904 

physical, {W3 

— Ifetrafluoride, 934 • 

preparation, 934. 

t pr^rties, ohemical„937 
physical, 936 


tetranyi 


7 * — tetrahydrazinetetrachloridfe, ,9 

tetrahydride, 216 g 

tetraiodido, 982 , .• 

tetratritoxide, 228 

I • transmutation to cajbon, 167" 

tribromoiodide, 984* *• 

triohlorohydrosufpl<fdo,*988 

— ^ triohloroi(^ide, 983 ' 

► valency, ^ # * • * 

SiliooHB, 231 

Silicononane, 216 f / 
§uioo>^oxaly acid, 216, 919 
Silioopentane, 225 * 

Silio^oagene, 973 
Silioophoijihorio acid, 835 
Silioopropane, 223 


I SUicopyrophosphoric acid, 991 
Silicopyroph(|pphoryl chloride, 991 
gSilicothiourea, 989 » f ^ 

^Silicotoluic acid, 309 j 4 
•lilic^irconafes, 86^ • • 

Silicum liquor, 3l7 

• oleumMW • 

Silicyl, 21* ^ . 

chloride, 836, 973 

— ~ raetaphospht^te, 990 

tetriiydrated,.991 

sulpliide, 988 • • • 

SilM©,*216 • • ^ 

Siliziumeisen, 198 • 

Sillimanite, 455 t 
Siloxan^'227 • 

Siloxen*, 235? 

hexabroraide, tf. 

monobromide, 233 « 

monoiodide, 233 

tribromide, 233 

Siloxide-T, 3«8 

Z, 288 ^ • 

Silver ahiminium silicate, 083 

analcite, 683 

eha^a8ite,*683 

dialiiminyl orthosilicate, 507 

• diamminometasilicate, 345 

dinitratotriorthosilicate, 345 

fluosilicate, 960 

- - — ink, 620 

metasilicate, 345 

metasulphosilicate, 987 

natrolite, 683 

nephelite, 570 

^ratochabazite, 733 

nitratosilicide, 174 

(octo) hexasulphosilicate, 987 

silicododecamolybdate, 868 

silicododecatungstate, 877 

orthosulphodisilicate, 987 

pectolite, 368 

potassium silicododecyn^lyfJtlate, #70 

scolecite, 750 

silicate, 3^W • 

• Bilica4e8,^40 

— ~ silicide, 174 ^ 

(tetra) iErahydrosilicododecatung* 

|tate, 879 • • • 

— tA — *tetrahydrosilicododeoamolybdate, 
870* 

- — l4iiocarllK)!iato, 1^5 • * 

• ^tthomsonite, 683, 711 

- — (tri) pfintahydrosilicodoaeoamotyb- 
• • date, mO 

filtiamarine, 589 

ultramarinqp, 683 

Silvialite, \64» •• 

Sindaite, 47^ • * * • 

Sii!cf)i^iie earth, 472 
» ^opite, 47^ • 

Si^psis, 472 
Sintn, siliceous, 141 
Sismondine, 620 « 

SismondiA, 620 ^ 

^iOrl, 740 ^ 

SkSrl, 821* ; , • 

Sklodoskite, 883 
S)cOrl, 821 . 

Skq|iolite, 908 
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Smolt^ 933 
Smara^, 803 
3x|)ar^itell822* 

Sma!l^docha%it^ 342 
Smectia, 496^ • , 

3m%Btite, 49^496 
Smithaonite, l4g • ’ • 

Snaruimte, 396 ^ 

Soap, raountain, 432 
Soapstone, 427, 430, 4.‘]2 
S^ralite, 916 
So<J^ anorth^* 698 

eapprcianite, 740 • ' 

glauconite, 920 • 

-hombl^de, 916 

leucito,*(^7, 64l», 649 

mesolite, 652 

microclines, 6^ 

So(i^iU;4»6» • 

SRlalite, 680, 582, 

acetato*, 683 

arsenato-, 6^3, 835 

ar8e»ito-,^98, 835 

borato-, 583 

bromato-, 683 ^ 

brorao-, 683 

calcium, 683 

bromo-, 683 

chlorate-, 583 

chromato-, 683, 86(f 

formate-, 683 

- hydroxy, 683 

— hyposulphito-, 583 
iodato-, 683 

• iodo-, 683 

• lead sulpho-, 583 

lithia, 683 

bromo-, 583 

sulpho-, 683 

magnesia, 683 

metaailfcato-, 683 

molybdato-, 683, 87 1 

• rftc,ra4o-* 683 

— — oxalato', 683 

pftrchlorato-, 683 • 

j)lio8phato-, 583 ^ 

potash, 683 \ 

•ffL- molybdato-, %3 

^ phosphate-, 5811 

sulphate-, 683 

Bulpho-, 683 • 

selenato-, 68J^ • • 

- - selpnito-, 683 

^ — silver sulpho-, 683 - 

- strontia, 683 • 

- - - sulphite-, 583 • 

sulphohy^effllpl^j-, 58: 

— — tin sulpho-, 6tW 

tungstate^ 68iJ* * # • 

van^ato#, 683 • 

Soda-mesotype, 652 « 

-mica, ^8 

-richtente, 916 

gpodumone, W3, 61^ 

thomsonite, 7 If, 7 11 ^ 

SoddiUb, 883^ . , 

Sodium ahinmlpum araonilqlilKate, J 

ohlbrotfioHhoiilicate, 588 

ohromfto|Mic^, 866 

dimetasiU^te, 643, 644, C 


Sodium aluiliinium hydrooarbonatotriortho- 
' silicate, 580 

- hydrotfimetasilicato, 66 i 
« Us'droj^mrthosilicate, 

\ • orthosiacate, 670 
• - ^ hy^ated, 673 

% *- silicomoiybdato, ^1 ^ 

— 7 sulpha^triorthoailio^, toA 

- ♦ — tr&ulpnotriorthouilicafo, 687 

®al\^u1iortho8ilicate. 670 
aluininylorthotrisi^icate, 7^)1 
hariiim silicate, 371 

• — 1i!!invl mesodisiliutvlo,* 8*^1^ 
beryU8i!T^l»ydromosoifi!l!licate, 381 i««m 

-8dioatc,^82 • • 
horedimotasdicatc, 448 
> , hurosiheate, 448 

ca^ilim^uftmuum •»»lj»hatoiriortho- 
* fil!licato,i684 * • 

- - Iluozl^coi^tosilicalc, 857 • 

• hydndrimctaJlilicatt', 307 # 

mangtffiose h ydret n ij^t 

« • 900 ^ ^ 

- jKnitamciasilicate. 3(>() 

- Iit^uiurn SrthosilKalc, 841 

• - ^ircenatoHihcate, 858 

^titanoKilicatc, 843 

“ lri^lro|yzjreonat<>motlMli<*ate, 

• • - zinTaiatou^tasilioatc, 857 

- zirc<aiiiim c^rotrimwotrisilitMite, 

• 857 

- - t‘hl^rotriortho|ili(’ato, 867 

• - - celumhat^ilicatc, iiifH ^ 

( oriuni phosphatosilKfate, 836%,^ 
chalfa/.ite, 7^3>» • ^ 

chlorochalmzito, 733 | 

chromic ihmetasilicato, 914 

* • cupric silicate, 341 

{(li) hoxahydrosilicododecattmgstate, 
876 

diuluininimtt dihydropontamcHodisili- 

♦ cate, 748 
orthotrisilicate, 053 ^ 

- ' pentametasilicate, 747 

- tetramotosilicate, 734 

» — triorthoHilieate, 4580, 762 

dialuminyl orthesilicate, 867 

ihliyd^trialuminotriorthoHilicale, 608 
dioxide *dicarbonate, 80 

* tridhrbonafo, 86 

disilicttte, 336 • 

ferric d^etasilicate, 913 ^ 

• ferrpus titanium trimota^cate, 843^ 

-- tiianomotasili^fc^, ft6 

- ^fjpOfcolumbatotitanosilicali, 838 

lluosilica^, 947 
gniWinite, 7j}5 
p liarmotomo, 767 
^■Iteulanditf, 757 • ^ 

h 0 x*a li y ar y zirconatodiraesotrisuh 

cat8, 8S6 


* • ^xasilicato, 328 , 

^ silicate^ 33^^ 

magnesium manganese melasiticft 

'* \ 

* - 407 ^ ^ 

-*--\iieta«ilicAe, dodecahydrate<L 3ft4 

► ennenhydrated, 334 * 


._A henahydrated, 334# 
— meptahydrate^l, 334 
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Sodium metaailicate, hexahydlbted, 334 

octohydrated, 334 

pentahydrafcedi 334 • • 

% tetradecahydratod, * 

tetrahydratedf 334 • • f 

■ trihydratxxi, 334 • • 

# — nitratosijJcododocRtimgata^, 876 * / 

^octq) sificododecatungstate. 876 

orthOTilicate, 332 • • ^ 

pentasilicate, 328 * ^ 

percdtbonate,*84 

perdicarboriate, 86 

Jgrhydroxycarbonate, 8f • i 

perhydfo^perdicanbopatl, 850 

porhydrcityponnoiv>carbonato, 85 

pernionocarbonate, 86 

— perthiocarbonato, 130 • 

llijate, 3?2 


iK>taasiuma;alciura ^rilflfetL. 

f— •ferrous tj^anium ortft#Hilic^i.t5, 

• 843 , • 

8ilicate/t337 • 

^laKlBqmperhydroxvrfxa^carbonato. 84 
- silicme, 169 • • ^ 

» — silicodecat^gstato, 882 , 

silico-oxalate, 23i 

silicov^adatodecatuiigstate^ S.'V'i 

silicozirconate, 856 

- 8t«bite, 760 , * 

itrontium 8ilicate*371 ^ 

— Hulphosilicate, 986 • • •• 

— --- (tetra) dihyckj^jilicododecatiingstate, 
875 ^ • 


- iaotetraliydroailicododecatung- 

atate, 873 

- ailicottodocainolybdate, 869 


- 8ilico<jR5docainolybdate 

- j^raailieate, 328*^ 


• g- thiooarbonato, 123 ' 

— ^ thiosesquicarboiiate, 114 

titanium dimesotrisilicate, 843 • • 

titanyl orthodisilicate, 842 

— (tri) pentahydrosilicododoctunolvb- 

date, 870 

Soruervillite, 343, 762 ^ 

Sommite, 66 
Souuenstei^, 663 

Soretite, 821 ' 

JSoufro carbur6, 94 

miuid,#94 

Spadaite, 368, 420, 428 
Spandito, 714 
Spangite, 736 • 

Spanish «lurl, 458 
Spar chlorite, 620 
\ — scldll^ 392 

soda tabled 366 

•tabula# 364 ‘ 

— *- zino, 442 
Spath adamantin, 468 

. en tables, 364 

Spatum Bointyians, 661 
Speckstein, 429, 430 
Spessartite, 714, 901 
Sphierostilbite, 769 

gpherfd; 840 i , 

Sphenoolase, 746^ 

SphragiC 472 
Sp^t&gidite, 4J2 
Sphrai^ 47 r 
Spinth^ 840 
Sphntus tttli^ua, 1 
—7- eloitious, 1 


Spiriti|flethales, 

mineralis, 1 

sulphurei^, 1, 

sylvestris, 1 

#podiopl|yllite. 624 
S^umene, 390, 640 • 

a* 641 * 

j3-, 669. #4>, B439 

y-, 64#, 6ll , 

soda, *643, 693 
Spreustein, 673, 662^ 

Spuftite, 366 

Stalactite, 81 ' 

Stolagidite, 81 • • 
Stangenstein, 660 • 

Stannic huosilicate, 9^5 

siliftite, 883 • 

thioiiarbdhate, 128 

Stannite, 883 •• 

Stannous thiocarbonato, 128^ 
Stanzaite, 458 
Staurolite, 766, 909 

nfangano|b, 909 

zinc, 909 

StaurotidfO^ 909 
,Steadite, 836 
Stearffillito. 498 * 
SteStlrgUliv, 498, 62- 
Steatite, 420, 429, 430 
Steoloito, 749 
Steinlieilito, 808 
Steinmark, 472 

Eisen, 473 

Stellerito, 768 
SteUite, 366 
Storlingite, 606, 909 
45tevensite, 430 
Stilbito,^76, 738, 758 
ammonium, 760 

— anamorphique, 755, 758 
barium, 760 

potassium, 760 • 

sodium, 760 

^ ™ thallo-, 826 
'’Stilpnomelane, 624 
Stirlingite, 909 • 

Sttkesite, 88^1 
.Stolpenite, 498 ^ 

*Stone, baptismal, ^9 
• — buff, 408 

— ilfmiah, 40^ 
dry white, 408 

mild purpie4468 ^ 

-t— ptiple, 467 
L Stoneware, 515 
■ Stralilslem, 405 • 
Strahlz^lij^i, 758, 
Strakonitzite, 430 
Strass, 621, »22.* 

•Stratf peite, 8^ , • 
Strie|cwite, 623 « 

S^r^ono^ite, 763 
Strontia anortnite, 7i 

l#par, 662, 698, 7C 

labradorite, 707 t 

— —eiepbelUe, 6fl | 

— •oli^lase, 707 ' 

.lodaliU, • 

Strontitim cop^r silicate*, 377 

j d ial»»Tf^inhim diiTtf>flq^riftil 

(^icide, ITO , 



Stfontiilm 

— liexahydroxythlocarlonate, 12l!* 

■ lithium silicate, 371 

manganese metasilicatef 85)7 

■^i^neTaaiJIcatef 367 • 

— ino^'phi^rat^d, 36f # * 

orfchosiliMte, 3#3* • ^ 

* ' — ^jwrthioc^bonate, iSl 
— — • 8ilicododec%molfiKlate,^Q • 

so^um silicate, 371 \ , 

— ^ 734 ^ ^toalurainylheptamctrtsilicato, 

► tetralwdrosilicododwatungstato, 

- — ^thiocarbonate, 126 
Stmveriteii620 • 

Stylobate, 713 * 

Subdele38ite,^4 • • 

♦S^cinite, 716 I • 

Suida’s reaction, 294 
Sulphatoallophano, 

^ «^ulphpMii^>altto, 764 
Smphatomeionite, 764 
SulpHIltopotafih-aodalite, 583 
Sulphitosodalite, 1*83 % 

SulphooarSbnio«eid, 119 
SulphohydroHuli)hosodalite, 583 
Sulpho-lead-sodalito, 683 
Sulpholithia-aodalito, 583 , 

Sulphopotash-sodalite, 583 • 

Sulphosilicates, 986 
Sulphoailicon, 987 
Sulpho-silver-sodalite, 683 
Sulphothiocarbonic acid, 1 19 
. Sulpho-tin-sodalite, 583 
Sulphur dioxide and CO,, 32 
Simdvikite, 693 
Sunstone, 663, 693 
Sllpersaturation, 49 
Swiss jade, 696 
Syhedrite, 760 
Syntagmatito, 821, 822 
Szaboite, 392 
Szechenyiito, ^21 


Tabaschir, J41 
"mergit^622 
Twchy^prelite, 84' 
Tainiolite, 407 
'lolc. 420 
-^bleu, 458 
— blu^ 622 
— ^ chlorite, 622 
earthy, 472 

f granuleux, 472 

iron, 431 , ^ ^ 

, schist, *^0 •• 

Talchus, 429 • • * 

Talcite, 606 « 

Talcoid, 430 • 

Taloose slate, 430 
TaliDsite, 473 
Talcum, 429 • 
Talkerde, 472 I 

Tallow d!ay#, 442 ^ 
Tftltalite,71ir. % ^ 

Tankite, 693 * 

Tantalum silicide, 


I i 


I Taramelhte, 1)22 
Tawinawile, 866 
Taylori^, 495 
Telmamite, 715 * 

'|elgstein,^*9 • 

JellArid^ ultramarine, 590 
T^Voite, 386, 892 \ 

TJphrowillemite, 438 • 

T<^a^ite| 47j f # 

Terbium ^Ijfododoraiuugstale, 880 
Torerite,|619 • 

Termiente, 498 * 

L Terra di Vef(^a, 920 
— - jit>rcolauoa. 432 
poroelhfna •4’?'2 
- sigillata, 471 • 

vitrescihiliH. 135, 136 
ar(«Ta-eo(jta, 514^ 

'iJpr^^p k fiMlon,,49lt • 

t - veife di \'(‘mne, ^20 
Tosselite, 368 * • 

Tetartin, 663 , * 

Tot rubromnhilano, 1)77 
'i^i^dihlVosilaite, 960 
^Wwmlocachlorohoxa^anf', ^60 
'Hetn»d<^achloroa llano, 973 
Totmdfca(6iloroRilicohoxano, 960, 973 
Tetradeoalii'drodw’iisildoooxane, 235i* 
Tot rnetliylmoy !^an#, 2 1 6 
TotrHthi<|iiiuno^934 
'rotraiodoKilano, 9^2 # 

'Pot r||iodoRjlono, 981 •• 

Totraindoflilicoothono, 984 
T« 't.raioi losi 1 icoot hy Irfio. 984 
TotraiodoHihcoinotluvno, 98i^ 
'retnwilano- 224 
'Pot rosihcafio, 224 f ^ 

'Potrasiloxano, 235 
'Poyx3roRilicic lU ids, 308 
'I’liafflckente, 396 
3'halonite, 859 
'rhalito, 432 
Thf^te, 721 
'Phamurn glaasos, 826 

- loucite, 651 ' 

inosolito, 751 
rutrato-chabazite, 733 
• hihcido, 185 . • , 

I - Bihcododoratungslate, 880 
'Phalloanalcit#^ 826 
Tbidlocliabazit^^ 826 « 
(al'koiloloncite, 8z6 
T^IIomoHolitif 826 
ThailOnatroIit/^ 82r> 

'PhiiJlostillite, 826 
oThallous fluoHilicato, 954 
g26 

* - Hilic(Mlodo('fmolyl)dato, 871 

’PhaiiinasiW, 365 * 

'Phoiwnodos, 740 

* 'J’hertl!bph^lite ,422 • 

Thilorior’slreez^ ifiixturo, 32 
ThiocarbamaCesri32 
Thioc Aamic acids, 1 32, ^3 
Hiiocffbonales, 1 1 9 • % 

^hiocarl)onic acid, 119, 120 
Thlocarbonil cftlorMifl, 9 1 
5— ^*tetracmori(|^92, 110 
— • tmdchlorido, 93 
Tluo-comjj^unds, 119 
! Thiolcarb^o acid, 1 1 9 



im 




Thiol-oompoutuk, 110 % 

Thiolthioncarbonic acid, 1 19 
Thioncarbonio acid, 1 10 ^ 
Thion-(^mpoundB, 110 
Tbiophofj^ne, 02 • < 

Thiorsauite, 603 
l^o*BaIt8 {see suIpho-B/ltp^) 
Thioiowuicarilonic acid, 114 
Thomaait6| 836 • 

Thomaonite, 67o, 700 

hydro, 711 

lime, 710 

- — ifiote^^h, 711 
— inver,^83, 711 

soda, 7ltfVl • 

Thonsubstanz, 473 * 

Thorium dihydroxyfluoRilicate, 056 

disilicido, 187 ^ • 

8iUc^te8, 869 • , ‘ft ^ 

silicododecatunl^tate, 880 
~ — uranyl silicate, §83 * 
xk^iigummite, 883 . ^ 

IgThortvelMte, 850 
3?ihraul\te, 008 
ThuUte, 719 * , 

Thumerstein. Oil 
Thumite, 011 
Thuringite, 623 
Tigei’s eyo, 013 
Tin phosphatosUicate, 836 
eilicide, 187 • * 

Tinzenite, 900 *• 

Titane siliceocalcaire, 840 


TitaMo augttes, 818 
CitM^, 840 ,% 

— %Kcolite, 840 

ierro-, 846 ^ I 

TiUnium disilicide, 186 

ferrous sodium trimetasilicate, 84.'i 

fluosilicate, 966 

hemisilicide, 186 

hemitrisilicide, 180 

silicate, 839 ^ 

■ sodium calcium zirconatosilicato, 868 

«___ orthosilicate, 844 

dimesotrisilicate, 843 / 

^ potejpsium ferrous ortho^ili(iite, 

8?§ f » 

Titanohedenbergito, 916 
Titanolivine, 846 •• 

Titonomorphite, 84(k . « 

Titono^livino, 386 f « 

Titanyl barium raesotrisilicalo, 844 / 

calomun orthosilioate, 840 

sodiotti hprium mesodisilidite, sfi 

~-y.. — —— 

T\)bermOiW, 3 
Tolypitc^ 624 
Tomoflito, 897 • 

Tonsubstanz (sec thonsubstanz) 

•Topal, 660 * • 

falso, 138 

golden, 662 

• — S^rienti, 661 
— Synish, 8<ra 
Topazins, 660 
l^fstein, 430 
Tonndrikit^, 821 
Tomaiite, 


I Tmirmafine, 740 
Jj_ — .g^re, 741 
“ » — ferrous, 742 

lithium, WS 

fourmalin^y alkali, 741, f42 $4 
chiteme, 342 • » Ji 

• — ^rric, 742 . • • 

iron, 741 ^ 

ma^Mlj^,*741, i42 
VourmalinJS acid, 74^ 

Traversellite, 400, 416 
Trepsrsoite, 344 
Travertine, 81 
Tremo^te, 391, 4J4 
Tribfbmoiodosilane, 984 
Tribrompsilane, 979, ^80 
TtichloiiQ^osilane, 083 
Trichlororafetljyl 8u5)hury!a cldoride, ^81^ 

no • 

Tricbloromethyldithiorormio cldoride, 92 
Trichloromothylsulphur chleritM*02’»«L. 
Tricbloromethylsulphurous chloride, 1 lUr 
Trichlpromonosilane, 216 
Triohlorosilarii?, 960, 968 « 

Triclasite. 812 • 

Tridymlo, a-, 240 
— - analyses, 2^2 
240 

210 

-• — fibrous, 240 
■ — preparation, 237 
Trioihoxymonosilane, 2 1 8 
Trihydroxysilane, 227 
Triiodosilane, 91^2 
Trimerite, 380, 381 
Trip, 740 
I Tripha^ 640 
Tripholrase, 709 
Tripoli, 142 
Tripolite, 142 
I’risilane, 223 

Trisilicane, 223 ^ 

Triterosilicio acids, 308 
Trithiocarbonic acid, 119, 120 
Troostite, 438 • « 

Tsclieffkinito, 831 
'^chermakite, dd 4, 098 
3^01^110116^^7^,1821 
i Tuesite, 495 r 

^ Tungstatosodalit^ 683 
Tunj^^n^isilivdb, 193 
— ^hemitrisilicide, 193 

silicate, 866 

^ — teitasilicto^, 194 • 

Tuxtme, 643 
Twimalg, 740 % 

Twinn^, 670 

albife, 671' 

BaveM, 671» ' 

Brazifiaiar^24^ * 

— f Carisbadf, 070 * 

— j»-I)aMphin6, 24^ 

“V manebfifch, 671 
— 4 jjeriolme, 671 


Touohiitone, 140 


Uhligite, 8^5 
T^te, 718 
Ureramarine, 68| 



INIOTV 


^tramaflae ainmomi^ sko 

— amyl, 690 ^ I 

' bcumm, 690 

— ben*^ 590 * 

— • 

-clWlimum, 499 • 

oaloium, • 

•- — ^hyl, 69()1 
ferrous, 69 f)i^ t 

• germanium, 590 \ 

— 7 - green, 689 , 591 
load, 690 

a ! blue. 88 A) 

— vlbl #,*889 

■ ^mangai^ese, 690 

— mercurous 69 «J 
native, 43 u 

phenyl, lft(4 

potassium, 589 

red, 691 • 

\:;r- se kwiMiy 5ao 
“^-S^er, 689 

tellurium, 590 

- — violet, 691 , 

wliito, iOl.AO/ 

yellow, 591 

zinc, 590 

XJItramarines, silver-, li 
Ultramariiium, 580 
Unghwarite, 900 
Unionito, 720 
Uralite, 420 
Urallite, 822 

Uranium disiiicide, 191 ^ 

fluosilicate, 95(i 

silicate, 800 

silicododecatungstato, 881 

Uitnophano, 883 
Uranotile, 882 

* Uranyl calcium alummiuin silicate, HS3 

• orthodiailicHle, 883 

fluosilicate, 950 

magnosiuffi ortliodisiliciUe, 883 

— — silicate, 882 

tliofluirwiycate, 88'< 

Urbanite, 915 
Uiethan^nd CO., *‘12 
Ussingito, 051 
^Uvj^owite, goo 


VaJift, 609 , 624 
Valenoianije, 063 
Valfievite ,^816 
V#!)|idato 8 odalite, 


583 


i^aiiadic augites, 

Vanadiolaumon 4 iw,^ 9 ^ ^ g 
Vanadium (di^potasf^m ditlf^lftalummo- 
triorthosili^itef 3 JO • ^ • 

disilicide, 189 • 

fluosijjcate, 955 • 

hemisilicide, 189 

— -laioa, 836 
Vanadyl fluosilieate, 9#5 

silicate, 837 I 

Vanuxenrfte3^ ^ 

Vargasite, 4 J 9 , # 

Wardenite, 692, 728* 

Venaaquite, 620 


Jt'enoritl, 5^6 - 
■Verde de Corsicaduro, 822 
IVeniMille. 716 
•V^ermicdlfte, 600 * 

Vtfmioulitei,«i76, 6^3 
V»t ■ptlhue, 422 
^10t«nite"4(^?, 600 \ 
Vetlliprian blue, 372 
V^ei^viim, Z26 % 

V’esuvimiit'^, jfO 
- nmnjjrt.no, 720 
Victorite, 392 
Viellaurite, 899 
Vior/oni<c, 4?2^ 
Villiemito, 43!l • • 
Villarsito, 388 • 

Viluite, 726 
liio^ni. 9 If ^ 

V^i^loJ ult r||iirtri^e, J91 , 
A'iride nnt!*»aiium, 343 • 
Viridite, 022, 921 • a 
Vitra'*la<TjMnii‘, 530 ^ 
Vitrois guttis, 630 * 
Vitreaeil, 2f88 • • 

V^(mm flexible, 520 
■ - inu^coviticuni, 0(tR 
Ji'offBsittf 816 
Vogtite, 8919 
Voigt it e, 009 
Volcauite, 847 * 
VorobyeVfto, HtlT • 


Waldonheimib', 821 
Walkordo, ifto | 

• VVolkererdo, 496 
Walkeritts 366, 496 
WallcCTion, 490 
WalleriflTi, 390. 9821 
Waluewite, 810 
Wntijrlhanl, 78 

-' in nature, 81 
^ soft, 78, 79 
- softening, 79 

Clarke 8 process, 79 
• lime process, 79 * 

I* - - soda pro( ess, 79 

— - Bod^jime process, 80 

I'VVat^-glass, 31 7 
i P^’fl’^rties, ?119 
•-uses, 324 • 

WeK^Vito, 423 ^ 

VVeb^to, 91^ 

Woinbergite, 045 
Weisser^i^e, 92 1 
Ifeissigite, 063 g 
Weissite, sfe • 

Wellsije, 738 
Worneme, 619, 7(^2, 013 
Wostanite, ihO, 45?j.f900 
White ultramahrfe^59I, 504 
VV^lh^n V. ( 

W'ilkeit#, 890 • 

^llcoxite^ 609 

will 


#llmnite,^4^ ; : 

^^^lI^^site, 422 -% 
WilsJmV eiO, 763 
WiluHe, 72|1 
wri^^hito, 81^ 


im 
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Winkworthite, 461 
Withamite, 721 
Wittingite, 897 
Wodaiiite, 609 • 

WOhlerfte, 856, 858 . 

WoUaatonite, 354, 390 

O', 354 § 

' 364* ' 

— ■ |)^4o, 364 • 

Woroby^te,*803 
Woroby^wite, 803 


Xanthic aeicT, ft 9 * 

Xanthitano, 840 
Xanthogenainidc, 120 
Xanthogenic 4cid„ 1 19^ 
Xantkolite, 909 c 
2ftttithophyllite, 81k 
olito, 466 


iol^, 821 
^•^Xonotlite, 360 
Xylitfe, 826 « 
Xylochloro, 368 
Xylotile, 8«6 


^anolite, 911 ^ • 

Yellow iiltramariiiP, 691 , . 

Yenite, 918 

Ytterbium; sili()odo(lo(*atuiig8tato, 880 
• YttMa garnet, 4^21 

fluoHflicate, 954 
^ ^ silioate, 849 * ^ 

fr— silicododecatungstate, 880 
Yttrotitanite, 831 


Zamboniiiite, 907 
Zoagonitf!^ 711 
Zolwdassite, 812 
Zeolilization, 646 
ZecMte en cubes, 729 

fibKais, 758 

-* — foliated, 758 

maugano-, 901 

mealy, 768 ‘ 

bacr^e, 758 

of Breisgau, 442 

rad^todj 758 ' 

Zeolites, ^ 1 ) 74 '^,, 

r — Pilaris, 062 ‘ , 

— — orystalli ad ceiitruiif tend^ites, 

* crystallisatiis, 662 * 

laramellaris, 768 

,i,.„_-«jprign'.atiou8, 062 . 

Zeolithe cubique, 044^’ 

dur, 644 

effloresceute, 738 , 

leuoitiqii^,*644 

t^uge d’Aodelfors, 738 

f^lithus ofystallisatiA civ)icus, '729 
lamellaris, 368 . * 


Zeophyllite, 36a 9{i^ 

Zermfttite, 423» ' 

Zeuxite, 741 
Zillerthite, 4^ 

Zinc amminometasilicatf, 

a^orthite, 698 a i' 

— |Oadmiufn (bhjidfomeCi^licate, 441 

calcium (dij orthodisilcate, 444# 

i cob^t(|o^o8illJate„oS3 

— dia^mmothiooarbonate, 127^ 

— ^ — dihydroxydifiilicate, 442, 44? 
dihydroxymetasilicate, 443 

fayaJite, 906, 909 # 

felspar, 662 

‘ — ^ ferrous dr^iiosilicate, 909 ^ 

fluoailicate, 96S 

* — ■* 8te?» 442 f 

••lettitoxydisilicfe.te, 88^ ^ 

liCiium silicate, 444 

manganese diAfdroxy orthosilicate, 

894 # 

metasilicate, 440 

nickel silicate, 933 

■ 0 ' — -* orthosijflcate, 438 , 

monohydrattr(lt::*442,«443 

jt^toxysilicate, 441 

potassiurr^ilicate, 444 

"ta* silifate, 438 
----silicido, 182 

• silicoarsenides, 188 

silicododocamolybdate, 871 

silicododocatungstate, 879 

spar, 442 

staurolite, 909 

sulphosilicate, 987 

sulphosilicido, 1 82 

thiocarbamate, 132 
- -^’^locarbonate, 127 

trisilicate, 444 

— — ultramarine, 690 
Zincum naturale calcifonnc, 142 
Zinkglaserz, 442 
Zinkspath, 442 
Zinnwaldite, 004 
Zircon, 846 
- ~ - pyroxenes, 857 

Zirconium dih/droxytriortl\osiliciiib, 840 
— disilkide 180 
— fluosilicate, 956 
- — octohydroajcliorthosilicato. 847 

orthosili^eite, 848 ' ^ * 

^dium calcium chlorotrimesotrisili* 

^ cate, 867 

• , chlorntriorthosilieatei' 1^57 

M _ columbatosilicate, 868 ^ 

(in) octobthiurn pontortho8ilicate,'^864 

^Irkftite, 856 , 0 

'68^ i ZOblfteite, 423' ni 
Zoisite, 719 

, , 

aluminium, 720 
-^-^^720 
iron, 1^0 
Z<^ochlorite, 718 
Zunj ite, 586 
Zurlite, 762 
Zjifupaite, 416 
Zypradite, 663 
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